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1 Configuring CLI
1.1 Overview
The command line interface (CLI) is a window used for text command interaction between users and network devices. You can enter
commands in the CLI window to configure and manage network devices.
Protocols and Standards
N/A

1.2 Applications
Application

Description

Configuring and Managing Network

You can enter commands in the CLI window to configure and manage network devices

Devices Through CLI
1.2.1 Configuring and Managing Network Devices Through CLI

Scenario
As shown in Figure 1- 1, a user accesses network device A using a PC, and enter commands in the CLI window to configure and
manage the networkdevice.
Figure 1- 1

Remarks

A is the network device to be managed.
PC is a terminal.

Deployment
As shown in Figure 1- 2, the user uses the Putty installed on a PC to set up a connection with network device A, and opens the CLI
window to enter configuration commands.
Figure 1- 2
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1.3 Features
Overview
Feature

Description

Accessing CLI

You can log in to a network device for configuration and management.

Command Modes

The CLI provides several command modes. Commands that can be used vary according to
command modes.

System Help

You can obtain the help information of the system during CLI configuration.

Abbreviated Commands

If the entered string is sufficient to identify a unique command, you do not need to enter the full
string of the command.

No and Default Options of

You can use the no option of a command to disable a function or perform the operation opposite to

Commands

the command, or use the default option of the command to restore default settings.

Prompts

Indicating

Incorrect

An error prompt will be displayed if an incorrect command is entered.

Commands
History Commands

You can use short-cut keys to display or call history commands.

Featured Editing

The system provides short-cut keys for editing commands.

Searching and Filtering of the

You can run the show command to search or filter specified commands.

Show Command Output
Command Alias

You can configure alias of a command to replace the command.

1.3.1 Accessing CLI

Before using the CLI, you need to connect a terminal or PC to a network device. Youcan use the CLI after starting the network device
and finishing hardware and software initialization. When used for the first time, the network device can be connected only through
the console port, which is called out band management. After performing relevant configuration, you can connect and manage the
network device through Telnet.
1.3.2 Command Modes

Due to the laFSe number of commands, these commands are classified by function to facilitate the use of commands. The CLI
provides several commands modes, and all commands are registered in one or several command modes. You must first enter the
command mode of a command before using this command. Different command modes are related with each other while
distinguished from each other.
As soon as a new session is set up with the network device management interface, you enter User EXEC mode. In this mode, you can
use only a small number of commands and the command functions are limited, such as the show commands. Execution results of
commands in User EXEC mode are not saved.
Touse more commands, you must first enter Privileged EXEC mode. Generally, you must enter a password to enter Privileged EXEC
mode. In Privileged EXEC mode, you can use all commands registered in this command mode, and further enter global configuration
mode.
Using commands of a certain configuration mode (such as global configuration mode and interface configuration mode) will affect
configuration in use. If you save the configuration, these commands will be saved and executed next time the system is restarted. You
must enter global configuration mode before entering another configuration mode, such as interface configuration mode.
The following table summarizes the command modes by assuming that the name of the network device is “FS”.
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Command Mode

Access Method

Prompt

Enter

User

EXEC

User EXEC

mode

by

default

(User EXEC mode)

when accessing a

Privileged EXEC
(Privileged EXEC mode)

Exit or Entering Another
Mode

About

Run the exit command to exit Use this command mode
FS>

User EXEC mode.

to conduct basic tests or

Run the enable command to

display

system

network device.

enter Privileged EXEC mode. information.

In User EXEC mode,

Run the disable command to

Use this command mode

return to User EXEC mode.

to check whether the

Run the configure command

configuration takes effect.

to enter global configuration

This mode is password

mode.

protected.

run

enable

the

command to enter
Privileged

FS#

EXEC

mode.

Run

exit

the

or

end

command, or press Ctrl+C to
return to Privileged EXEC
mode.
In Privileged EXEC

Run the interface command

Global configuration

mode,

to

(Global

configure command

configuration

mode)

to

run

enter

the
FS(config)#

interface

configuration mode. When
using

global

enter
the

interface

command, you must specify

configuration mode.

Using commands in this
mode

will

affect

the

global parameters of the
network device.

the interface.
Run the vlan vlan_id
command to enter VLAN
configuration mode.
Run the end command, or
In
Interface configuration
(Interface configuration
mode)

press Ctrl+C to return to

global

configuration mode,

Privileged EXEC mode. Run

Use this configuration

the exit command to return

mode

to global configuration mode.

various interfaces of the

interface

When using the interface

network device.

configuration mode.

command, you must specify

run

the

interface

command to enter

FS(config-if)#

to

configure

the interface.
global

Run the end command, or

configuration mode,

press Ctrl+C to return to the

run the vlan vlan_id

Privileged EXEC mode.

In
Config-vlan
(VLAN

configuration

mode)

command to enter

FS(config-vlan)#

Run the exit command to

VLAN configuration

return to global configuration

mode.

mode.

Use this configuration
mode to configure VLAN
parameters.

1.3.3 System Help

When entering commands in the CLI window, you can obtain the help information using the following methods:
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1.

At the command prompt in any mode, enter a question mark (?) to list the commands supported by the current command
mode and related command description.

For example
FS>?
Exec commands:
<1-99>

Session number to resume

disable

Turnoffprivilegedcommands

disconnect Disconnect an existing network connection
enable

Turnonprivilegedcommands

exit

Exit from the EXEC

help

Descriptionof theinteractivehelp system

lock

Lock the terminal

ping

Send echo messages

show
telnet

Showrunning systeminformation
Open a telnet connection

traceroute Trace route to destination
2.

Enter a space and a question mark (?) after a keyword of a command to list the next keyword or variable associated with the
keyword.

For example
FS(config)#interface ?
Aggregateport

Aggregateportinterface

Dialer

Dialer interface

GigabitEthernet

Gigabit Ethernet interface

Loopback
Multilink

Loopback interface
Multilink-group interface

Null

Nullinterface

Tunnel

Tunnel interface

Virtual-ppp

Virtual PPP interface

Virtual-template Virtual Template interface
Vlan

Vlan interface

range

Interface range command

If the keyword is followed by a parameter value, the value range and description of this parameter are displayed as follows:
FS(config)#interface vlan ?
<1-4094> Vlan port number
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3.

Enter a question mark (?) after an incomplete string of a command keyword to list all command keywords starting with the
string.

For example
FS#d?
debug delete diagnostic dir disable disconnect
4.

After an incomplete command keyword is entered, if the suffix of this keyword is unique, press the Tab key to display the
complete keyword.

For example
FS# show conf<Tab>
FS# show configuration
5.

In any command mode, run the help command to obtain brief description about the help system.

For example
FS(config)#help
Help may be requested at any point in a command by entering
a question mark '?'. If nothing matches, the help list will
be empty and you must backup until entering a '?' shows the
available options.
Two styles of help are provided:
1. Full help is available when you are ready to enter a
command aFSument (e.g. 'show ?') and describes each possible
aFSument.
2. PartialhelpisprovidedwhenanabbreviatedaFSumentisentered
and you want to know what aFSuments match the input
(e.g. 'show pr?'.)
1.3.4 Abbreviated Commands

If a command is long, you can enter a part of the command that is sufficient to identify the command keyword.
For example, to run the interface gigabitEthernet 0/1 command in GigabitEthernet 0/1 interface configuration mode, enter the
abbreviated command as follows:
FS(config)#int g0/1
FS(config-if-GigabitEthernet 0/1)#
1.3.5 No and Default Options of Commands

Most commands have the no option. Generally, the no option is used to disable a feature or function, or perform the operation
opposite to the command. For example, run the no shutdown command to perform the operation opposite to the shutdown
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command, that is, enabling the interface. The keyword without the no option is used to enable a disabled feature or a feature that is
disabled by default.
Most configuration commands have the default option. The default option is used to restore default settings of the command.
Default values of most commands are used to disable related functions. Therefore, the function of the default option is the same as
that of the no option in most cases.For some commands, however,the default values are used to enable related functions.In this case,
the function of the default option is opposite to that of the no option. At this time, the default option is used to enable the related
function and set the variables to default values.
For specific function of the no or default option of each command, see the command reference.
1.3.6 Prompts Indicating Incorrect Commands

Whenyou enter an incorrectcommand, an errorprompt isdisplayed.
The following table lists the common CLI error messages.
Error Message

Meaning
The

characters

How to Obtain Help
entered

are

% Ambiguous command: "show c" insufficient for identifying a unique
command.

not entered in the command.

% Invalid input detected at ‘^’
marker.

after the word that is ambiguous. All the possible
keywords will be displayed.

The mandatory keyword or variable is

% Incomplete command.

Re-enter the command, and enter a question mark

Re-enter the command, and enter a space and a
question mark. All the possible keywords or variables
will be displayed.

An incorrect command is entered. The

At the current command mode prompt, enter a

sign (^) indicates the position of the

question mark. All the command keywords allowed in

word that causes the error.

this command mode will be displayed.

1.3.7 History Commands

The system automatically saves commands that are entered recently. You can use short-cut keys to display or call history commands.
The methods are described in the following table.
Operation
Ctrl+P or the UP key
Ctrl+N or the DOWN key

Result
Display the previous command in the history command list. Starting from the latest record, you can
repeatedly perform this operation to query earlier records.
After pressing Ctrl+N or the DOWN key, you can return to a command that is recently executed in the
history command list. Youcan repeatedly perform this operation to query recently executed commands.

The standard terminals, such as the VT100 series, support the direction keys.
1.3.8 Featured Editing

When editing the command line, you can use the keys or short-cut keys listed in the following table:
Function

Key or Short-Cut Key

Description

Left key or Ctrl+B

Move the cursor to the previous character.

Move the cursor on the editing

Right key or Ctrl+B

Move the cursor to the next character.

line.

Ctrl+A

Move the cursor to the head of the command line.

Ctrl+E

Move the cursor to the end of the command line.
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Function
Delete an entered character.

Key or Short-Cut Key

Description

Backspace key

Delete one character to the left of the cursor.

Delete key

Delete one character to the right of the cursor.
When displaying contents, press the Return key to move the output

Return key

one line upward and display the next line. This operation is performed

Move the output by one line or

when the output does not end yet.

one page.

When displaying contents, press the Space key to page down and
Space key

display the next page. This operation is performed when the output
does not end yet.

When the editing cursor is close to the right boundary, the entire command line will move to the left by 20 characters, and the hidden
front part is replaced by the dollar ($) signs. You can use the related keys or short-cut keys to move the cursor to the characters in the
front or return to the head of the command line.
For example, the whole access-list may exceed the screen width. When the cursor is close to the end of the command line for the first
time, the entire command line moves to the left by 20 characters, and the hidden front part is replaced by the dollar signs ($). Each
time the cursor is close to the right boundary, the entire command line moves to the left by 20 characters.
access-list 199 permit ip host 192.168.180.220 host
$ost 192.168.180.220 host 202.101.99.12
$0.220 host 202.101.99.12 time-range tr
Press Ctrl+A to return to the head of the command line. At this time, the hidden tail part of the command line is replaced by the dollar
signs ($).
access-list 199 permit ip host 192.168.180.220 host 202.101.99.$
1.3.9 Searching and Filtering of the Show Command Output

To search specified contents from the output of the show command, run the following command:
Command

Description
Searches specified contents from the output of the show

show any-command | begin regular-expression

command. The first line containing the contents and all
information that follows this line will be output.

The show command can be executed in any mode.
Searched contents are case sensitive.
Tofilter specified contents from the output of the show command, run the following commands:
Command
show any-command | exclude regular-expression
show any-command | include regular-expression

Description
Filters the output of the show command. Except those containing
the specified contents, all lines will be output.
Filters the output of the show command. Only the lines containing
the specified contents will be output.

To search or filter the output of the show command, you must enter a vertical line (|). After the vertical line, select the searching or
filtering rules and contents (character or string). Searched and filtered contents are case sensitive.
FS#show running-config | include interface
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interface GigabitEthernet 0/0
interface GigabitEthernet 0/1
interface GigabitEthernet 0/2
interface GigabitEthernet 0/3
interface GigabitEthernet 0/4
interface GigabitEthernet 0/5
interface GigabitEthernet 0/6
interface GigabitEthernet 0/7
interface Mgmt 0
1.3.10 Command Alias

You can configure any word as the alias of a command to simply the command input.
Configuration Effect
1.

Replace a command with a word.

For example, configure "mygateway" as the alias of the ip route 0.0.0.0 0.0.0.0192.1.1.1 command. To run this command, you only need
to enter "mygateway".
2.

Replace the front part of a command with a word, and enter the later part.

For example, configure "ia" as the alias of the ip address command. To run this command, you need to enter "ia" and then the
specified IP address and subnet mask.
Configuration Steps



Displaying Default Alias

In User EXEC or Privileged EXEC mode, default alias are available for some commands. Youcan run the show aliases command to
display these default aliases.
FS(config)#show aliases
Exec mode alias:
h

help

p

ping

s

show

u

undebug

un

undebug
These default aliases cannot be deleted.



Configuring a Command Alias

Command

alias mode command-alias original-command

Parameter

mode: indicates the command mode of the command represented by the alias.

Description

command-alias: indicates the command alias.
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original-command: indicates the command represented by the alias.
Command

Global configuration mode

Mode
Usage Guide

In global configuration mode, run the alias ? command to list all command modes that can be configured with
aliases.



Displaying Settings of Command Aliases

Run the show aliases command to display alias settings in the system.
Notes



The command replaced by an alias must start from the first character of the command line.



The command replaced by an alias must be complete.



The entire alias must be entered when the alias is used; otherwise, the alias cannot be identified.

Configuration Example



Defining an Alias to Replace the Entire Command

Configuration

In global configuration mode, configure the alias "ir" to represent the default route configuration command ip route

Steps

0.0.0.0 0.0.0.0 192.168.1.1.
FS#configure terminal
FS(config)#alias config ir ip route 0.0.0.0 0.0.0.0 192.168.1.1

Verification



Run the show alias command to check whether the alias is configured successfully.

FS(config)#show alias
Exec mode alias:
h

help

p

ping

s

show

u

undebug

un

undebug

Global configuration mode alias:
ir



ip route 0.0.0.0 0.0.0.0 192.168.1.1

Use the configured alias to run the command, and run the show running-config command to check whether
the alias is configured successfully.

FS(config)#ir
FS(config)#show running-config

Building configuration…
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!
alias config ir ip route 0.0.0.0 0.0.0.0 192.168.1.1 //Configuring an alias
…
ip route 0.0.0.0 0.0.0.0 192.168.1.1 //Configuration result after the alias "ir" is entered
!



Defining an Alias to Replace the Front Part of a Command

Configuration

In global configuration mode, configure the alias "ir" to represent the front part "ip route" of the default route

Steps

configuration command.
FS#configure terminal
FS(config)#alias config ir ip route

Verification



Run the show alias command to check whether the alias is configured successfully.

FS(config)#show alias
Exec mode alias:
h

help

p

ping

s

show

u

undebug

un

undebug

Global configuration mode alias:
ir

ip route



Enter the alias "ir" and then the later part of the command "0.0.0.0 0.0.0.0 192.168.1.1".



Run the show ap-config running command to check whether the configuration is successful.

FS(config)#ir 0.0.0.0 0.0.0.0 192.168.1.1
FS(config)#show running

Building configuration…
!
alias config ir ip route

//Configuring an alias

!
ip route 0.0.0.0 0.0.0.0 192.168.1.1 //Configuration result after the alias "ir" and the later part of the command are
entered
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!

System Help
1.

The system provides help information for command alias. An asterisk (*) will be displayed in front of an alias. The format is as
follows:

*command-alias=original-command
For example, in Privileged EXEC mode, the default command alias "s" represents the show keyword. If you enter "s?", the keywords
starting by "s" and alias information are displayed.
FS#s?
*s=show show start-chat start-terminal-service
2.

If the command represented by an alias contains more than one word, the command is displayed in a pair of quotation marks.

For example, inPrivileged EXEC mode, configure thealias "sv"toreplacetheshow version command. Ifyou enter "s?",thekeywords
starting by "s" and alias information are displayed.
FS#s?
*s=show *sv=”show version” show start-chat
start-terminal-service
3.

You can use the alias to obtain help information about the command represented by the alias.

For example, configure the alias "ia" to represent the ip address command in interface configuration mode. If you enter "ia?" in
interface configuration mode, the help information on "ip address?" is displayed, and the alias is replaced by the command.
FS(config-if)#ia ?
A.B.C.D IP address
dhcp

IP Address via DHCP

FS(config-if)#ip address
If you enter a space in front of a command, the command represented by this alias will not be displayed.

2 Configuring Basic Management

2.1 Overview
This document is a getting started guide to network device management. It describes how to manage, monitor, and maintain
network devices.

2.2 Applications
Application

Description

Network Device Management

A user logs in to a network device from a terminal and runs commands on a command line
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interface (CLI) to manage device configurations.
2.2.1 Network Device Management

Scenario
Network device management described in this document is performed through the CLI. A user logs in to Network Device A from a
terminal and runs commands on the CLI to manage device configurations. See Figure 2- 1.
Figure 2- 1

2.3 Features
Basic Concepts



TFTP

Trivial File Transfer Protocol (TFTP) is a TCP/IP protocol which allows a client to transfer a file to a server or get a file from a server.



AAA

AAA is short for Authentication, Authorization and Accounting.
Authentication refers to the verification of user identities and the related network services.
Authorizationreferstothegranting ofnetworkservices tousersaccordingtoauthentication results.
Accounting refers to the tracking of network service consumption by users. A billing system chaFSes users based on consumption
records.
AAA provides effective means of network management and security protection.



RADIUS

Remote Authentication Dial In User Service (RADIUS) is the most widely used AAA protocol at present.



Telnet

Telnet is a terminal emulation protocol in the TCP/IP protocol stack which provides access to a remote host through a virtual terminal
connection. It is a standard protocol located at Layer 7 (application layer) of the Open System Interconnection (OSI) model and used
on the internet for remote login. Telnet sets up a connection between the local PC and a remote host.



System Information

Systeminformation includes the system description, power-on time, hardware and software versions, control-layer software version,
and boot-layer softwareversion.



Hardware Information

www.fs.com
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Hardware information includes the physical device information as well as slot and module information. The device information
includes the device description and slot quantity. The slot information includes the slot ID, module description (which is empty if a
slot does not have a module), and actual and maximum number of physical ports.
Overview
Feature

Description

User Access Control

Controls the terminal access to network devices on the internet based on passwords and privileges.

Login

Performs username-password authentication to grant access to network devices when AAA is enabled.

Authentication

Control
Basic

(Authentication is performed by a dedicated server.)
System Refer to the parameters of a system, such as the clock, banner, and Console baud rate.

Parameters
Displaying

Displays the system configurations, including the configurations that the system is currently running and the

Configurations

device configurations stored in the nonvolatile random access memory (NVRAM).

Telnet

Telnet is an application-layer protocol in the TCP/IP protocol stack. It provides the standard governing remote
login and virtual terminal communication on the internet.

Restart

Introduces system restart.

2.3.1 User Access Control

User access control refers to the control of terminal access to network devices on the internet based on passwords and privileges.
Working Principle



Privilege Level

16 privilege levels are defined ranging from 0 to 15 for CLI on network devices to grant users access to different commands. Level 0 is
thelowest level granting access tojust a fewcommands, whereas level 15 isthe highest level granting access toall commands. Levels
0 and 1 are common user levels without the device configuration permission (users are not allowed to enter global configuration
mode by default). Levels 2–15 are privileged user levels with the device configuration permission.



Password Classification

Passwords are classified into two types: password and security. The first type refers to simple encrypted passwords at level 15. The
second type refers to secure encrypted passwords at levels 0–15. If a level is configured with both simple and secure encrypted
passwords, the simple encrypted password will not take effect. If you configure a non-15 level simple encrypted password, a warning
is displayed and the password is automatically converted into a secure encrypted password. If you configure the same simple
encrypted password and secure encrypted password at level 15, a warning is displayed.



Password Protection

Each privilege level on a network device has a password. An increase in privilege level requires the input of the taFSet level password,
whereas a reduction in privilege level does not require password input.
By default, only two privilege levels are password-protected, namely, level 1 (common user level) and level 15 (privileged user level).
Sixteen privilege levels with password protection can be assigned to the commands in each mode to grant access to different
commands.
If no password is configured for a privileged user level, access to this level does not require password input. It is recommended that a
password be configured for security purposes.

www.fs.com
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Command Authorization

Each command has its lowest execution level. A user with a privilege level lower than this level is not allowed to run the command.
After the command is assigned a privilege level, users at this level and higher have access to the command.
Related Configuration



Configuring a Simple Encrypted Password



Run the enable password command.



Configuring a Secure Encrypted Password



Run the enable secret command.



A secure encrypted password is used to control the switching between user levels. It has the same function as a simple
encrypted password but uses an enhanced password encryption algorithm. Therefore, secure encrypted passwords are
recommended out of security consideration.



Configuring Command Privilege Levels



Run the privilege command to assign a privilege level to a command.



A command at a lower level is accessible by more users than a command at a higher level.



Raising/Lowering a User Privilege Level



Run the enable command or the disable command to raise or lower a user privilege level respectively.



After logging in to a network device, the user can change his/her level to obtain access to commands at different privilege
levels.



To enable level increase logging, run the login privilege log command.



Enabling Line Password Protection



Line password protection is required for remote login (such as login through Telnet).



Run the password [ 0 | 7 ] line command to configure a line password, and then run the login command to enable password
protection.



By default, terminals do not support the lock command.

2.3.2 Login Authentication Control

In login authentication with AAA disabled, the password entered by a user is checked against the configured line password. If they are
consistent,theuser canaccessthenetworkdevice.Inlocalauthentication,theusernameandpasswordenteredbyauserarechecked
against those stored in the local user database. If they are matched, the user can access the network device with proper management
permissions.
In AAA, the username and password entered by a user are authenticated by a server. If authentication is successful, the user can access
the network device and enjoy certain management permissions.
For example, a RADIUS server can be used to authenticate usernames and passwords and control users' management permissions on
network devices. Network devices no longer store users' passwords, but send encrypted user information to the RADIUS server,
including usernames, passwords, shared passwords, and access policies. This provides a convenient way to manage and control user
access and improve user information security.

www.fs.com
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Working Principle



Line Password

If AAA is disabled, you can configure a line password used to verify user identities during login. After AAA is enabled, line password
verification does not take effect.



Local Authentication

If AAA is disabled, you can configure local authentication to verify user identities and control management permissions by using the
local user database. After AAA is enabled, local authentication does not take effect.



AAA

AAA provides threeindependent security functions, namely, Authentication, Authorization and Accounting. A server (or the local user
database) is used to perform authentication based on the configured login authentication method list and control users'
management permissions. For details about AAA, see Configuring AAA.
Related Configuration



Configuring Local User Information



Run the username command to configure the account used for local identity authentication and authorization, including
usernames, passwords, and optional authorization information.



Configuring Local Authentication for Line-Based Login



Run the login local command (in the case that AAA is disabled).



Perform this configuration on every device.



Configuring AAA Authentication for Line-Based Login



The default authentication method is used after AAA is enabled.



Run the login authentication command to configure a login authentication method list for a line.



Perform this configuration when the local AAA authentication is required.



Configuring the Connection Timeout Time



The default connection timeout time is 10 minutes.



Run the exec-timeout command to change the default connection timeout time. An established connection will be closed if no
output is detected during the timeout time.



Perform this configuration when you need to increase or reduce the connection timeout time.



Configuring the Session Timeout Time



The default session timeout time is 0 minutes, indicating no timeout.



Run the session-timeout command to change the default session timeout time.



The session established to a remote host through a line will be disconnected if no output is detected during the timeout time.
Then the remote host is restored to Idle. Perform this configuration when you need to increase or reduce the session timeout
time.

www.fs.com

16

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Locking a Session



By default, terminals do not support the lock command.



Run the lockable command to lock the terminals connected to the current line.



Tolock a session, first enable terminal lock in line configuration mode, and then run the lock command in terminal EXEC mode
to lock the terminal.

2.3.3 Basic System Parameters



System Time

The network device system clock records the time of events on the device. For example, the time shown in system logs is obtained
from the system clock. Time is recorded in the format of year-month-day, hour:minute:second, day of the week.
When you use a network device for the first time, set its system clock to the current date and time manually.



Configuring a System Name and Command Prompt

Youcan configure a system name to identify a network device. The default system name is FS. A name with more than 32 characters
will be truncated to keep only the first 32 characters. The command prompt keeps consistent with the system name.



Banner

A banner is used to display login prompt information. There are two types of banner: Daily notification and login banner.



Daily notification is displayed on all terminals connected to network devices soon after login. UFSent messages (such as
immediate system shutdown) can be delivered to users through daily notification.



A login banner appears after daily notification to display login information.



Configuring the Console Baud Rate

You can manage network device through a Console port The first configuration on the network device must be performed through
the Console port. The serial port baud rate can be changed based on actual requirements. Note that the management terminal must
have consistent baud rate setting with the device console.



Configuring the Connection Timeout Time

The connection timeout time is used to control device connections (including established connections and sessions established to
remote hosts). A connection will be closed when no input is detected during the timeout time.
Related Configuration



Configuring the System Date and Clock



Run the clock set command to configure the system time of a network device manually. The device clock starts from the
configured time and keeps running even when the device is powered off.




Updating the Hardware Clock
If the hardware clock and software clock are not synchronized, run the clock update-calendar command to copy the date and
time of the software clock to the hardware clock.



Configuring a System Name

www.fs.com
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Run the hostname command to change the default system name.



The default host name is FS.



Configuring a Command Prompt



Run the prompt command.



Configuring Daily Notification



By default, no daily notification is configured.



Run the banner motd command to configure daily notification.



Daily notification is displayed on all terminals connected to network devices soon after login. UFSent messages (such as
immediate system shutdown) can be delivered to users through daily notification.



Configuring a Login Banner



By default, no login banner is configured.



Run the banner login command to configure a login banner to display login information.



Configuring the Console Baud Rate



Run the speedcommand.



The default baud rate is 9,600 bps.

2.3.4 Displaying Configurations

Displays the system configurations, including the configurations that the system is currently running and the device configurations
stored in the NVRAM.
Working Principle



Running Configurations

Running configurations, namely, running-config, are the configurations that individual component modules run in real time. A
request can be made to all running components to collect configurations, which will be orchestrated before being displayed to users.
Only running components may provide real-time configurations, whereas unloaded components do not display configurations. In the
case that the system is started, a component process is restarted, and a hot patch is executed, the configurations collected during this
period may be inaccurate due to the component unstable state. For example, the configurations of a component may not be missing
initially but can be displayed later.



Startup Configurations

The configurations stored in the NVRAM, namely, startup-config, are the configurations executed during device startup. When the
system is restarted, startup-config is loaded to become new running-config. To display permanent configurations, the system needs
to read the startup-config file in the NVRAM.
The startup-config file copied to the device only supports UTF-8 encoding without BOM.
Related Configuration



Displaying Running Configurations

www.fs.com
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Run the show running-config [ interface interface ] command to display the configurations that the system is currently running or
the configurations on an interface.

 Displaying Startup Configurations
Run the show startup-config command.

 Storing Startup Configurations
Run the write or copy running-config startup-config command to store the current running configurations as new startup
configurations.
2.3.5 Telnet

Working Principle
Telnet is an application-layer protocol in the TCP/IP protocol stack. It provides the standard governing remote login and virtual
terminal communication on the internet.
The Telnet Client service allows a local or remote user who has logged in to a network device to use itsTelnet Client program to access
other remote system resources on the internet. In Figure 2- 2, a user with a PC connects to Network Device A by using the terminal
emulation or Telnet program and then logs in to Network Device B by using the telnet command to perform configuration
management.
FS Telnet program supports the use of IPv4 and IPv6 addresses. A Telnet server accepts Telnet connection requests that carry IPv4 and
IPv6 addresses. A Telnet client can send connection requests to hosts identified by IPv4 and IPv6 addresses.
Figure 2- 2

Related Configuration



Enabling the Telnet Client Service



Run the telnet command to log in to a remote device.



Restoring a Telnet Client Session



Run the <1-99>command.



Disconnecting a Suspended Telnet Client Session



Run the disconnect session-id command.



Enabling the Telnet Server Service



Run the enable service telnet-server command.



Perform this configuration when you need to enable Telnet login.
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2.3.6 Restart

The timed restart feature makes user operation easier in some scenarios (such as tests).



If you configure a time interval, the system will restart after the interval. The interval is in the format of mmm or hhh:mm, in the
unit of minutes. You can specify the interval name to reflect the restart purpose.



If you define a future time, the system will restart when the time is reached.
The clock feature must be supported by the system if you want to use the at option. It is recommended that you configure the
system clock in advance. A new restart plan will overwrite the existing one. A restart plan will be invalid if the system is restarted
before the plan takes effect.
The span between the restart time and current time must not exceed 31 days, and the restart time must be later than the
current system time. After you configure a restart plan, do not to change the system clock; otherwise, the plan may fail (for
example, the system time is changed to a time after the restart time.)

Related Configuration



Configuring Restart



Run the reload command to configure a restart policy.



Perform this configuration when you need to restart a device at a specific time.

2.3.7 Telnet Service

Enable Telnet server on the device, and users can connect to the device securely via Telnet client.
Related Configuration



Configuring ACL for Telnet Server



No ACL is configured for the Telnet server by default.



Run the { ip | ipv6 } telnet access-class command to configure ACL for the Telnet server. Run the no { ip | ipv6 } telnet
access-class command to remove the ACL settings.

2.4 Configuration

(Optional) It is used to configure passwords and command privilege levels.

Configuring
Privileges

www.fs.com

Passwords

and

enable password

Configures a simple encrypted password.

enable secret

Configures a secure encrypted password.

enable

Raises a user privilege level.

login privilege log

Outputs log information of user privilege level
increase.

disable

Lowers a user privilege level.

privilege

Configures command privilege levels.

password

Specifies a line password.

login

Enables line password protection.
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(Optional) It is used to configure different login modes and authentication methods.
username
login local
Configuring

Login

and

Authentication

login authentication

Configures local user account information and
optional authorization information.
Configures local authentication for line-based
login.
Configures AAA authentication for line-based
login.

telnet

Enables the Telnet Client service.

enable service telnet-server

Enables the Telnet Server service.

exec-timeout

Configures the connection timeout time.

session-timeout

Configures the session timeout time.

lockable

Enables line-based terminal lock.

lock

Locks a terminal connected to the current line.
(Optional) It is used to configure basic system parameters.

Configuring

Basic

System

Parameters

Enabling

and

Disabling

Specific Service

Configuring a Restart Policy

a

clock set

Configures the system date and clock.

clock update-calendar

Updates the hardware clock.

hostname

Configures a system name.

prompt

Configures a command prompt.

banner motd

Configures daily notification.

bannerlogin

Configures a login banner.

speed

Configures the Console baud rate.

(Optional) It is used to enable and disable a specific service.
enable service

Enables a service.

(Optional) It is used to configure a system restart policy.
reload

Restarts a device.

(Optional) It is used to configure the ACL for the Telnet server.
Configuring Telnet Service

{ ip | ipv6 } telnet access-class { access-list-number |
access-list-name }

Configures the ACL for the Telnet server.

2.4.1 ConfiguringPasswordsandPrivileges

Configuration Effect



Configure passwords to control users' access to network devices.



Assign a privilege level to a command to grant the command access to only the users at or higher than the level.



Lower the command privilege level to grant more users access to the command.



Raise the command privilege level to limit the command access to a few users.

Notes
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You can use the password configuration command with the level option to configure a password for a specific privilege level.
After you specify the level and the password, the password works for the users who need to access this level.



By default, no password is configured for any level. The default level is 15.



If you configure a simple encrypted password with a non-15 level, a warning is displayed and the password is automatically
converted into a secure encrypted password.



The system chooses the secure encrypted password over the simple encrypted password if both of them are configured.

Configuration Steps



Configuring a Simple Encrypted Password



(Optional) Perform this configuration when you need to establish simple encrypted password verification when users switch
between different privilege levels.



Run the enable password command to configure a simple encrypted password.



Configuring a Secure Encrypted Password



(Optional) Perform this configuration when you need to establish secure encrypted password verification when users switch
between different privilege levels.



Run the enable secret command to configure a secure encrypted password.



A secure encrypted password has the same function as a simple encrypted password but uses an enhanced password
encryption algorithm. Therefore, secure encrypted passwords are recommended out of security consideration.



Configuring Command Privilege Levels



Optional.



A command at a lower level is accessible by more users than a command at a higher level.



Raising/Lowering a User Privilege Level



After logging in to a network device, the user can change his/her level to obtain access to commands at different privilege
levels.



Run the enable command or the disable command to raise or lower a user privilege level respectively.



Enabling Line Password Protection



(Optional) Line password protection is required for remote login (such as login through Telnet).



Run the password [ 0 | 7 ] line command to configure a line password, and then run the login command to enable login
authentication.
If a line password is configured but login authentication is not configured, the system does not display password prompt.

Verification



Run the show privilege command to display the current user level.



Run the show running-config command to display the configuration.

Related Commands



Configuring a Simple Encrypted Password
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22

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

enable password [ level level ] { password | [ 0 | 7 ] encrypted-password }

Parameter

level: Indicates a specific user level.

Description

password: Indicates the password used to enter privileged EXEC mode.
0: Indicates that the password is entered in plaintext.
7: Indicates that the password is entered in cyphertext.
encrypted-password: Indicates the password text, which must contain case-sensitive English letters and digits.
Leading spaces are allowed, but will be ignored. However, intermediate and trailing spaces are recognized.

Command

Global configuration mode

Mode
Usage Guide

Currently, simple encrypted passwords can be configured with only level 15 and take effect only when no secure
encrypted password is configured.
If you configure a simple encrypted password with a non-15 level, a warning is displayed and the password is
automatically converted into a secure encrypted password.
If the level 15 simple encrypted password and secure encrypted password are configured the same, a warning is
displayed.
If you specify an encryption type and enter a password in plaintext, you cannot re-enter privileged EXEC mode.
An encrypted password cannot be retrieved once lost. You have to configure a new password.



Configuring a Secure Encrypted Password

Command

enable secret [ level level ] {secret | [ 0 | 5 ] encrypted-secret }

Parameter

level: Indicates a specific user level.

Description

secret: Indicates the password used to enter privileged EXEC mode.
0 | 5: Indicates the password encryption type. 0 indicates no encryption, and 5 indicates secure encryption.
encrypted-password: Indicates the password text.

Command

Global configuration mode

Mode
Usage Guide



Use this command to configure passwords for different privilege levels.

Raising a User Privilege Level

Command

enable [ privilege-level ]

Parameter

privilege-level: Indicates a specific privilege level.

Description
Command

Privileged EXEC mode

Mode
Usage Guide



An increase in privilege level requires the input of the taFSet level password.

Lowering a User Privilege Level

Command

disable [ privilege-level ]

Parameter

privilege-level: Indicates a specific privilege level.

Description
Command

Privileged EXEC mode

Mode
Usage Guide

www.fs.com
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Use this command to exit Privileged EXEC mode and return to user EXEC mode. If privilege-level is specified, the
current privilege level is reduced to the specified level.
privilege-level must be lower than the current level.



Enabling Level Increase Logging

Command

login privilege log

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Use this command to enable logging of privilege level increase. The configuration takes effect for all terminals.

Configuring Command Privilege Levels

Command

privilege mode [ all ] { level level | reset } command-string

Parameter

mode: Indicates the CLI mode of the command. For example, config indicates the global configuration mode, EXEC

Description

indicates the privileged command mode, and interface indicates the interface configuration mode.
all: Changes the subcommand privilege levels of a specific command to the same level.
levellevel:Indicatesaprivilegelevel,rangingfrom0to15.
reset: Restores the command privilege level to the default.
command-string: Indicates the command to be assigned a privilege level.

Command

Global configuration mode

Mode
Usage Guide

To restore a command privilege level, run the no privilege mode [ all ] level level command command in global
configuration mode.



Specifying a Line Password

Command

password[ 0 | 7 ] line

Parameter

0: Indicates to configure a password in plaintext.

Description

7:Indicatestoconfigureapasswordincyphertext.
line: Indicates the password string.

Command

Line configuration mode

Mode
Usage Guide



N/A

Enabling Line Password Protection

Command

login

Parameter

N/A

Description
Command

Line configuration mode

Mode
Usage Guide

N/A

Configuration Example
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Configuring Command Authorization

Scenario

Assign privilege level 1 to the reload command and its subcommands and configure level 1 as the valid level (by
configuring the test password).

Configuration



Assign privilege level 1 to the reload command and its subcommands.

Steps
FS# configure terminal
FS(config)# privilege exec all level 1 reload
FS(config)# enable secret level 1 0 test
FS(config)# end

Verification



Check whether the reload command and its subcommands are accessible at level 1.

FS# disable 1
FS> reload ?
at

reload at

<cr>

2.4.2 Configuring Login and Authentication

Configuration Effect



Establish line-based login identity authentication.



Run the telnet command on a network device to log in to a remote device.



Close an established connection if no output is detected during the timeout time.



Disconnect an established session connecting to a remote host and restore the host to Idle if no output is detected during the
timeout time.



Locka terminal todeny access.Whenauser enters any character onthe locked terminal,the passwordprompt isdisplayed.The
terminal will be automatically unlocked if the entered password is correct.

Configuration Steps



Configuring Local User Information



Mandatory.



Run the username command to configure the account used for local identity authentication and authorization, including
usernames, passwords, and optional authorization information.



Perform this configuration on every device.



Configuring Local Authentication for Line-Based Login



Mandatory.
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Configure local authentication for line-based login in the case that AAA is disabled.



Perform this configuration on every device.



Configuring AAA Authentication for Line-Based Login



(Optional) Perform this configuration to configure AAA authentication for line-based login.



Configure AAA authentication for line-based login in the case that AAA is enabled.



Perform this configuration on every device.



Enabling the Telnet Client Service



Run the telnet command to log in to a remote device.



Restoring a Telnet Client Connection



(Optional) Perform this configuration to restore the connection on a Telnet client.



Closing a Suspended Telnet Client Connection



(Optional) Perform this configuration to close the suspended connection on a Telnet client.



Enabling the Telnet Server Service



Optional.



Enable the Telnet Server service when you need to enable Telnet login.



Configuring the Connection Timeout Time



Optional.



An established connection will be closed if no output is detected during the timeout time.



Perform this configuration when you need to increase or reduce the connection timeout time.



Configuring the Session Timeout Time



Optional.



The session connecting to a remote host will be disconnected and the host be restored to Idle if no output is detected during
the timeout time.



Perform this configuration when you need to increase or reduce the session timeout time.



Locking a Session



(Optional) Perform this configuration when you need to temporarily exit a session on a device.



To lock a session, first enable terminal lock in line configuration mode, and then run the lock command to lock the terminal.

Verification



Run the show running-config command to display the configuration.



In the case that AAA is disabled, after local user information and line-based local authentication are configured, check whether
users are prompted for username and password input for access to the CLI.
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In the case that AAA is enabled, after local user information and local AAA authentication are configured, check whether users
are prompted for username and password input for access to the CLI.



Run the show user command to display the information about the users who have logged in to the CLI.



Telnet clients can connect to devices enabled with the Telnet Server service.



When a user presses Enter on a locked CLI, the user is prompted for password input. The session is unlocked only when the
entered password is the same as the configured one.



Run the show sessions command to display every established Telnet client instance.

Related Commands



Configuring Local User Information

Command

username name [ login mode { aux | console | ssh | telnet } ] [ online amount number ] [ permission oper-mode
path ] [ privilege privilege-level ] [ reject remote-login ] [ web-auth ] [ pwd-modify ] [ nopassword | password [ 0 |
7 ] text-string | secret [ 0 | 5 ] text-string]]

Parameter

name: Indicates a user name.

Description

login mode: Indicates the login mode.
aux: Sets the login mode to AUX.
console: Sets the login mode to Console.
ssh: Sets the login mode to SSH.
telnet: Sets the login mode to Telnet.
online amount number: Indicates the maximum number of online accounts.
permission oper-mode path: Configures the file operation permission. op-mode indicates the operation mode, and
path indicates the directory or path of a specific file.
privilege privilege-level: Indicates the account privilege level, ranging from 0 to 15.
reject remote-login: Rejects remote login by using the account.
nopassword: Indicates that no password is configured for the account.
password [ 0 | 7 ] text-string: Indicates the password configured for the account. 0 indicates that the password is
input in plaintext, and 7 indicates that the password is input in cyphertext. The default is plaintext.
secret [ 0 | 5 ] text-string: Configures an irreversibly encrypted password. If the password type is 0, the password is in
plain text. If the type is 7, the password is encrypted. The password is in plain text by default.

Command

Global configuration mode

Mode
Usage Guide

Use this command to create a local user database to be used by authentication.
If the value 7 is selected for the encryption type, the entered cyphertext string must consist of an even number of
characters.
This setting is applicable to the scenario where encrypted passwords may be copied and pasted. In other cases, the
value 7 is not selected.



Configuring Local Authentication for Line-Based Login

Command

login local

Parameter

N/A
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Description
Command

Line configuration mode

Mode
Usage Guide

Use this command to configure local authentication for line-based login in the case that AAA is disabled. Local user
information is configured by using the username command.



Configuring AAA Authentication for Line-Based Login

Command

login authentication { default | list-name }

Parameter

default: Indicates the default authentication method list name.

Description

list-name: Indicates the optional method list name.

Command

Line configuration mode

Mode
Usage Guide

Use this command to configure AAA authentication for line-based login in the case that AAA is enabled. The AAA
authentication methods, including RADIUS authentication, local authentication, and no authentication, are used
during the authentication process.



Enabling the Telnet Client Service

Command

telnet [ oob ] host [ port ] [ /source { ip A.B.C.D | ipv6 X:X:X:X::X | interface interface-name } ] [ /vrf vrf-name ] [ via
mgmt-name ]

Parameter

oob: Remotely connects to a Telnetserver through out-of-band communication (by using a management port). This

Description

option is available only when the device has a management port.
host: Indicates the IPv4 address, IPv6 address, or host name of the Telnet server.
port: Indicates the TCP port number of the Telnet server. The default value is 23.
/source: Indicates the source IP address or source port used by a Telnet client.
ip A.B.C.D: Indicates the source IPv4 address used by the Telnet client.
ipv6 X:X:X:X::X: Indicates the source IPv6 address used by the Telnet client.
interface interface-name: Indicates the source port used by the Telnet client.
/vrf vrf-name: Indicates the name of the virtual routing and forwarding (VRF) table to be queried.
via mgmt-name: Indicates the management port used by the Telnet client when the oob option is specified.

Command

Privileged EXEC mode

Mode
Usage Guide



Auser cantelnet toa remote deviceidentified by an IPv4host name, IPv6 host name, IPv4 address,or IPv6 address.

Restoring a Telnet Client Session

Command

<1-99>

Parameter

N/A

Description
Command

User EXEC mode

Mode
Usage Guide

Use this command to restore a Telnet client session. A user can press the shortcut key Ctrl+Shift+6 X to temporarily
exit the Telnet client session that is established using the telnet command, run the <1-99> command to restore the
session, and run the show sessions command to display the session information.



Closing a Suspended Telnet Client Connection
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Command

disconnect session-id

Parameter

session-id: Indicates the suspended Telnet client session ID.

Description
Command

User EXEC mode

Mode
Usage Guide



Use this command to close a specific Telnet client session by entering the session ID.

Enabling the Telnet Server Service

Command

enable service telnet-server

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to enable the Telnet Server service. The IPv4 and IPv6 services are also enabled after the command
is executed.



Configuring the Connection Timeout Time

Command

exec-timeout minutes [ seconds ]

Parameter

minutes: Indicates the connection timeout time in the unit of minutes.

Description

seconds:Indicatestheconnectiontimeouttimeintheunitofseconds.

Command

Line configuration mode

Mode
Usage Guide

Use this command to configure the timeout time for the established connections on a line. A connection will be
closed when no input is detected during the timeout time.
To remove the connection timeout configuration, run the no exec-timeout command in line configuration mode.



Configuring the Session Timeout Time

Command

session-timeout minutes[ output ]

Parameter

minutes: Indicates the session timeout time in the unit of minutes.

Description

output: Indicates whether to add data output as a timeout criterion.

Command

Line configuration mode

Mode
Usage Guide

Use this command to configure the timeout time for the remote host sessions on a line. A session will be
disconnected when no input is detected during the timeout time.
To cancel the session timeout time, run the no session-timeout command in line configuration mode.



Enabling Line-Based Terminal Lock

Command

lockable

Parameter

N/A

Description
Command

Line configuration mode

Mode
Usage Guide



N/A

Locking a Terminal Connected to the Current Line
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Command

lock

Parameter

N/A

Description
Command

Line configuration mode

Mode
Usage Guide

N/A

Configuration Example



Establishing a Telnet Session to a Remote Network Device

Configuration



Establish a Telnet session to a remote network device with the IP address 192.168.65.119.

Steps



Establish a Telnet session to a remote network device with the IPv6 address 2AAA:BBBB::CCCC.



Run the telnet command in privileged EXEC mode,

FS# telnet 192.168.65.119
Trying 192.168.65.119 ... Open
User Access Verification
Password:
FS# telnet 2AAA:BBBB::CCCC
Trying 2AAA:BBBB::CCCC ... Open
User Access Verification
Password:

Verification





Check whether the Telnet sessions are established to the remote network devices.

Configuring the Connection Timeout Time

Configuration



Set the connection timeout time to 20 minutes.

Steps
FS# configure terminal//Enter global configuration mode.
FS# line vty 0
FS(config-line)#exec-timeout 20

Verification



//Enter lineconfiguration mode.
//Set the connection timeout time to 20 minutes.

Check whether the connection between a terminal and the local device is closed when no input is detected
during the timeout time.



Configuring the Session Timeout Time

Configuration



Set the session timeout time to 20 minutes.

Steps
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FS# configure terminal//Enter global configuration mode.
FS(config)#line vty 0

//Enter lineconfiguration mode.

FS(config-line)#session-timeout 20//Set the session timeout time to 20 minutes.

Verification



Check whether the session between a terminal and the local device is disconnected when no input is detected
during the timeout time.

2.4.3 Configuring Basic System Parameters

Configuration Effect



Configure basic system parameters.

Configuration Steps



Configuring the System Date and Clock



Mandatory.



Configure the system time of a network device manually. The device clock starts from the configured time and keeps running
even when the device is powered off.
The time configuration is applied only to the software clock if the network device does not provide a hardware clock. The
configuration will be invalid when the device is powered off.



Updating the Hardware Clock



Optional.



Perform this configuration when you need to copy the date and time of the software clock to the hardware clock so that the
hardware clock is synchronized with the software clock.



Configuring a System Name



(Optional) Perform this configuration to change the default system name.



Configuring a Command Prompt



(Optional) Perform this configuration to change the default command prompt.



Configuring Daily Notification



(Optional) Perform this configuration when you need to display important prompts or warnings to users.



You can configure notification in one or multiple lines, which will be displayed to users after login.



Configuring a Login Banner



(Optional) Perform this configuration when you need to display important messages to users upon login or logout.



Configuring the Console Baud Rate



(Optional) Perform this configuration to change the default Console baud rate.

Verification

www.fs.com
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Run the show clock command to display the system time.



Check whether a login banner is displayed after login.



Run the show version command to display the system information and version.

Related Commands



Configuring the System Date and Clock

Command

clock set hh:mm:ss month day year

Parameter

hh:mm:ss: Indicates the current time, in the format of hour (24-hour format):minute:second.

Description

day: Indicates a day (1–31) of the month.
month: Indicates a month (from January to December) of the year.
year: Indicates a year, ranging from 1993 to 2035. Abbreviation is not supported.

Command

Privileged EXEC mode

Mode
Usage Guide

Use this command to configure the system time.
If the device does not provide a hardware clock, the time configuration will be invalid when the device is powered
off.



Updating the Hardware Clock

Command

clock update-calendar

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide



After the configuration, the time of the software clock will overwrite that of the hardware clock.

Configuring a System Name

Command

hostname name

Parameter

name: Indicates the system name, which must consist of printable characters and must not exceed 63 bytes.

Description
Command

Global configuration mode

Mode
Usage Guide



To restore the system name to the default, run the no hostname command in global configuration mode.

Configuring a Command Prompt

Command

prompt string

Parameter

string: Indicates the command prompt name. A name with more than 32 characters will be truncated to keep only

Description

the first 32 characters.

Command

Privileged EXEC mode

Mode
Usage Guide



To restore the command prompt to the default settings, run the no prompt command in global configuration mode.

Configuring Daily Notification
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Command

banner motd c message c

Parameter

c: Indicates a delimiter, which can be any character, such as "&".

Description
Command

Global configuration mode

Mode
Usage Guide

A message must start and end with delimiter+carriage return respectively. Any characters following the ending
delimiter will be dropped. Any letter contained in the message must not be used as the delimiter. The message must
not exceed 2047 bytes.



Configuring a Login Banner

Command

banner login c message c

Parameter

c: Indicates a delimiter, which can be any character, such as "&".

Description
Command

Global configuration mode

Mode
Usage Guide

A message must start and end with delimiter+carriage return respectively. Any characters following the ending
delimiter will be dropped. Any letter contained in the message must not be used as the delimiter. The message must
not exceed 2047 bytes.
To remove the login banner configuration, run the no banner login command in global configuration mode.



Configuring the Console Baud Rate

Command

speed speed

Parameter

speed: Indicates theconsolebaud rate, inthe unit of bps.The serial port baud ratecanbe setto 9,600 bps, 19,200 bps,

Description

38,400 bps, 57,600 bps, or 115,200 bps. The default is 9,600 bps.

Command

Line configuration mode

Mode
Usage Guide

Youcanconfigurethe asynchronous linebaud ratebased on requirements.Thespeed command isused toconfigure
receive and transmit rates for the asynchronous line.

Configuration Example



Configuring the System Time

Configuration



Change the system time to 2003-6-20, 10:10:12.

Steps
FS# clock set 10:10:12 6 20 2003

Verification



//Configure the system time and date.

Run the show clock command in privileged EXEC mode to display the system time.

FS#showclock

//Confirm that the changed system time takes effect.

clock: 2003-6-20 10:10:54



Configuring Daily Notification

Configuration
Steps
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the delimiter.
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FS(config)# banner motd #//Starting delimiter
Enter TEXT message. End with the character '#'.
Notice: system will shutdown on July 6th.# //Ending delimiter
FS(config)#

Verification



Run the show running-config command to display the configuration.



Connect to the local device through the Console, Telnet or SSH, and check whether daily notification is
displayed before the CLI appears.

C:\>telnet 192.168.65.236
Notice: system will shutdown on July 6th.
Access for authorized users only. Please enter your password.
User AccessVerification
Password:



Configuring a Login Banner

Configuration



Steps

Configure the login banner message "Access for authorized users only. Please enter your password." with the
pound key (#) as the delimiter.

FS(config)# banner login #//Starting delimiter
Enter TEXT message. End with the character '#'.
Access for authorized users only. Please enter your password.
#

//Ending delimiter

FS(config)#

Verification



Run the show running-config command to display the configuration.



Connect to the local device through the Console, Telnet or SSH, and check whether the login banner is
displayed before the CLI appears.

C:\>telnet 192.168.65.236
Notice: system will shutdown on July 6th.
Access for authorized users only. Please enter your password.
User AccessVerification
Password:



Configuring the Serial Port Baud Rate

Configuration



Set the serial port baud rate to 57,600 bps.

Steps
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FS#configureterminal

//Enter global configuration mode.

FS(config)# lineconsole 0

//Enter console line configuration mode.

FS(config-line)#speed57600 //Settheconsolebaudrateto57,600bps.
FS(config-line)# end

Verification



//Returns to privileged mode.

Run the show command to display the configuration.

FS# showlineconsole0
CON
*0

Type

//Displays the console configuration.

speed

CON

57600

Overruns
0

Line 0, Location: "", Type: "vt100"
Length: 25 lines, Width: 80 columns
Special Chars: Escape Disconnect Activation
^^x
Timeouts:

none

Idle EXEC
never

^M

Idle Session
never

History is enabled, history size is 10.
Total input: 22 bytes
Total output: 115 bytes
Data overflow: 0 bytes
stop rx interrupt: 0 times
Modem: READY

2.4.4 Enabling and Disabling a Specific Service

Configuration Effect



Dynamically adjust system services when the system is running, and enable and disable specific services (SNMP Agent, SSH
Server, and Telnet Server).

Configuration Steps



Enabling the SNMP Agent, SSH Server, and Telnet Server Services



(Optional) Perform this configuration when you need to use these services.

Verification



Run the show running-config command to display the configuration.



Run the show services command to display the service Enabled/Disable state.

Related Commands
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Enabling the SSH Server, Telnet Server, and SNMP Agent Services

Command

enable service { ssh-server | telnet-server | snmp-agent }

Parameter

ssh-server: Enables or disables the SSH Server service. The IPv4 and IPv6 services are also enabled together with this

Description

service.
telnet-server: Enables or disables the Telnet Server service. The IPv4 and IPv6 services are also enabled together with
this service.
snmp-agent: Enables or disables the SNMP Agent service. The IPv4 and IPv6 services are also enabled together with
this service.

Command

Global configuration mode

Mode
Usage Guide

Use this command to enable and disable specific services.

Configuration Example



Enabling the SSH Server Service

Configuration



Enable the SSH Server service.

Steps
FS# configure terminal //Enter global configuration mode.
FS(config)#enableservicessh-server

Verification

//Enable the SSH Server service.



Run the show running-config command to display the configuration.



Run the show ip ssh command to display the configuration and running state of the SSH Server service.

2.4.5 Configuring a Restart Policy

Configuration Effect
Configure a restart policy to restart a device as scheduled.
Configuration Steps



Configuring Direct Restart

Run the reload command in privileged EXEC mode to restart the system immediately.



Configuring Timed Restart

reload at hh:mm:ss month day year [string]
If you configure a specific time, the system will restart at the time. The time must be a time in the future. The month, day and year
parameters are optional. If they are not specified, the time of the system clock is used by default.
The clock feature must be supported by the system if you want to use the at option. It is recommended that you configure the
system clock in advance. A new restart plan will overwrite the existing one. A restart plan will be invalid if the system is restarted
before the plan takes effect.
The restart time must be later than the current system time. After you configure a restart plan, do not change the system clock;
otherwise, the plan may fail (for example, the system time is changed to a time after the restart time.)
Related Commands
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Restarting a Device

Command

reload [ at { hh [ :mm [ :ss ] ] } [ month [ day [ year ] ] ] ]

Parameter

athh:mm:ss:Indicatesthetimewhenthesystemwillrestart.

Description

month: Indicates a month of the year, ranging from 1 to 12.
day: Indicates a date, ranging from 1 to 31.
year: Indicates a year, ranging from 1993 to 2035. Abbreviation is not supported.

Command

Privileged EXEC mode

Mode
Usage Guide

Use this command to enable a device to restart at a specific time.

2.4.6 Configuring Telnet Service

Configuration Effect
Configure an ACL for the Telnet server.
Notes
N/A
Configuration Steps



Configuring ACL for Telnet Server



Optional



Configure an ACL for all Telnet connections

Verification
N/A
Related Commands



Configuring ACL for Telnet Server

Command

{ ip | ipv6 } telnet access-class { access-list-number | access-list-name }

Parameter

access-list-number: Configures ACL number, supported by IPv4 only.

Description



Standard ACL: 1-99, 1300-1999



Extended ACL: 100-199, 2000-2699

access-list-name：Configures ACL name, supported by both IPv4 and IPv6.
Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the ACL for the Telnet connections.

Common Errors
N/A
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2.5 Monitoring
Displaying
Description

Command

Displays the current system time.

show clock

Displays line configurations.

show line { console line-num | vty line-num | line-num }

Displays system restart settings.

show reload

Displays the current running configurations of the device or
the configurations on an interface.

show running-config [ interface interface ]

Displays the device configurations stored in the NVRAM.

show startup-config

Displays the current system configurations.

show this

Displays system information.

show version [ devices | module | slots ]

Displays the information of each established Telnet client

show sessions

instance.

3 Configuring R5
3.1 Overview
R5 is a dual-core ARM CPU and will bring different features by running different firmware on its core. e.g., IFA.The commands in this
module are all used for maintenance.

3.2 Applications
Application

Description

Outputting R5_CPU Data to Console

Monitors R5_CPU status by console.

3.3 Features
Basic Concepts



r5-cpu core ID

R5-CPU core ID includes 0 and 1, representing a core respectively (Default: 0). The service module should be registered with a core
before use. If there is no service module registered, the output of the show R5-cpu command shows that no core is in use.



r5-cpu core ID status

R5-CPU core status includes OK, Reload and Crashed.
Overview
Feature

Description

Reload R5-CPU core

Enables or disables the syslog function.
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3.3.1 Reloading R5-CPU Core

Reload the specified R5-CPU core.
Related Configuration



Reload R5-CPU Core

By default, R5_CPU core will not be reloaded automatically.
Run the r5-cpu core coreid reload command to reload R5_CPU core. The R5_CPU status will be Reload when reloading starts and will
turn OK when reloading finishes.

3.4 Configuration
R5_CPU data can be output to the console for the administrator to monitor R5_CPU status.



The device must be provisioned with a R5_CPU chip.



CLI information can be output to the console.

Figure 3- 1 Networking Environment

3.5 Monitoring
Clearing
Description

Command

Displays time range configuration.

clear r5-cpu core coreid statistics

Displays the R5 reboot history.

clear r5-cpu core coreid boot-history

Displays the mmu-buffer usage,

clear r5-cpu core coreid queue-buffer counter

Displaying
Description

Command

Displays the R5 status.

show r5-cpu core coreid status

Displays the R5 statistics.

show r5-cpu core coreid statistics

Displays the R5 reboot history.

show r5-cpu core coreid boot-history

Displays the mmu-buffer usage.

show r5-cpu core coreid queue-buffer
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4 Configuring Lines
4.1 Overview
There are various types of terminal lines on network devices. You can manage terminal lines in groups based on their types.
Configurations on these terminal lines are called line configurations. On network devices, terminal lines are classified into multiple
types such as CTY and VTY.

4.2 Applications
Application

Description

Accessing a Device Through Console

Enter the command-line interface (CLI) of a network device through the Console.

Accessing a Device Through VTY

Enter the CLI of a network device through Telnet or SSH.

4.2.1 Accessing a Device Through Console

Scenario
Figure 4- 1

Remarks

Ais anetworkdeviceto be managed.
PC is a network management station.

Deployment
The network management station connects to the Console port of a network device through a serial cable. Using the Console
software (Hyper Terminal or other terminal simulation software) on the network management station, you can access the Console of
the network device and enter the CLI to configure and manage the network device.
4.2.2 AccessingaDevice ThroughVTY

Scenario
Figure 4- 2

Remarks

Ais anetworkdeviceto be managed.
PC is a network management station.

Deployment
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The network management station connects to a network device through the network. Using a VTY client (such as Putty) on the
network management station, you can access the network device through Telnet or SSH and enter the CLI to configure and manage
the network device.

4.3 Features
Basic Concepts



CTY

The CTY line refers to the line connected to the Console port. Most network devices have a Console port. You can access the local
system through the Console port.



VTY

The VTY line is a virtual terminal line that does not correspond to any hardware. It is used for Telnet or SSH connection.
Overview
Feature

Description

Basic Features

Configures a terminal, displays and clears terminal connection information.

4.3.1 Basic Features

Related Configuration



Configuring Terminal Lines

Run the line command in global configuration mode to enter the configuration mode of a specified line.
Configure the line attributes.



Clearing Terminal Connections

When a terminal connects to the network device, the corresponding terminal line is occupied. Run the show user command to
display the connection status of these terminal lines. If you want to disconnect the terminal from the network device, run the clear
line command to clear the terminal line. After the terminal lines are cleared, the related connections (such as Telnet and SSH) are
interrupted, the CLI exits, and the terminal lines restore to the unoccupied status. Users can re-establish connections.



Specifying the Number of VTY Terminals

Run the line vty command to enter the VTY line configuration mode and specify the number of VTY terminals.
By default, there are 5 VTY terminals, numbered from 0 to 4. You can increase the number of VTY terminals to 36, with new ones
numbered from 5 to 35. Only new terminals can be removed.

4.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enter the line configuration mode.
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VTY lines.
4.4.1 EnteringLine Configuration Mode

Configuration Effect
Enter line configuration mode to configure other functions.
Configuration Steps



Entering Line Configuration Mode



Mandatory.



Unless otherwise specified, enter line configuration mode on each device to configure line attributes.



Increasing/Reducing the Number of VTY Lines



Optional.



Run the (no) line vty line-number command to increase or reduce the number of VTY lines.

Verification
Run the show line command to display line configuration.
Related Commands



Entering Line Configuration Mode

Command

line [ aux | console | tty | vty ] first-line [ last-line ]

Parameter
Description

console: Indicates the Console port.
vty: Indicates a virtual terminal line, which supports Telnet or SSH.
first-line:Indicatesthenumberof thefirstline.
last-line:Indicatesthenumberofthelastline.

Command

Global configuration mode

Mode
Usage Guide



N/A

Increasing/Reducing the Number of VTY Lines

Command

line vty line-number

Parameter

line-number: Indicates the number of VTY lines. The value ranges from 0 to 35.

Description
Command

Global configuration mode

Mode
Usage Guide



Run the no line vty line-number command to reduce the number of available VTY lines.

Displaying Line Configuration

Command

www.fs.com
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Parameter

console: Indicates the Console port.

Description

vty: Indicates a virtual terminal line, which supports Telnet or SSH.
line-num: Indicates the line to be displayed.

Command

Privileged EXEC mode

Mode
Usage Guide

N/A

Configuration Example
Scenario
Figure 4- 3

Configuration



Connect the PC to network device A through the Console line and enter the CLI on the PC.

Steps



Run the show user command to display the connection status of the terminal line.



Run the show line console 0 command to display the status of the Console line.



Enter global configuration mode and run the line vty command to increase the number of VTY terminals to 36.

A

FS#show user
Line

User

Host(s)

Idle

Location

---------------- ------------ -------------------- ---------- -----------------* 0 con 0

---

00:00:00

idle

---

FS#show line console 0

CON
*0

Type
CON

speed
9600

Overruns
0

Line 0, Location: "", Type: "vt100"
Length: 24 lines, Width: 79 columns
Special Chars: Escape Disconnect Activation
^^x
Timeouts:

Idle EXEC
00:10:00

^D

^M
Idle Session
never

History is enabled, history size is 10.
Total input:490 bytes
Total output: 59366 bytes
Data overflow: 0 bytes
stop rx interrupt: 0 times
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FS#show line vty ?
<0-5>

Line number

FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#line vty 35
FS(config-line)#
*Oct 31 18:56:43: %SYS-5-CONFIG_I: Configured from console by console

Verification
A



After running the show line command, you can find that the number of terminals increases.



Run the show running-config command to display the configuration.

FS#show line vty ?
<0-35> Line number

FS#show running-config

Building configuration...
Current configuration : 761 bytes

version 11.0(1C2B1)(10/16/13 04:23:54 CST -ngcf78)
ip tcp not-send-rst
vlan 1
!
interface GigabitEthernet 0/0
!
interface GigabitEthernet 0/1
ip address 192.168.23.164 255.255.255.0
!
interface GigabitEthernet 0/2
!
interface GigabitEthernet 0/3
!
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interface GigabitEthernet 0/4
!
interface GigabitEthernet 0/5
!
interface GigabitEthernet 0/6
!
interface GigabitEthernet 0/7
!
interface Mgmt 0
!
line con 0
line vty 0 35
login
!
end

4.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the line connection status.

clear line { console line-num | vty line-num | line-num }

Displaying
Description

Command

Displays the line configuration.

show line { console line-num | vty line-num | line-num }

Displays historical records of a line.

show history

Displays the privilege level of a line.

show privilege

Displays users on a line.

show user [ all ]

5 Configuring Time Range
5.1 Overview
Time Range is a time-based control service that provides some applications with time control. For example, you can configure a time
range and associate it with an access control list (ACL) so that the ACL takes effect within certain time periods of a week.
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5.2 Typical Application
Typical Application

Scenario

Applying Time Range to an ACL

Apply a time range to an ACL module so that the time-based ACL takes effect

5.2.1 Applying Time Range to an ACL

Application Scenario
AnoFSanizationallowsuserstoaccesstheTelnetserviceonaremoteUnixhostduringworkinghoursonly,asshowninFigure5-1.
Figure 5-1

Note

Configure an ACL on device B to implement the following security function:
Hosts in network segment 192.168.12.0/24 can access the Telnet service on a remote Unix host during normal working
hours only.

Functional Deployment



On device B, apply an ACL to control Telnet service access of users in network segment 192.168.12.0/24. Associate the ACL with
a time range, so that the users' access to the Unix host is allowed only during working hours.

5.3 Function Details
Basic Concepts



Absolute Time Range

The absolute time range is a time period between a start time and an end time. For example, [12:00 January 1 2000, 12:00 January 1
2001] is a typical absolute time range. When an application based on a time range is associated with the time range, a certain function
can be effective within this time range.

 Periodic Time
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Periodic time refers to a periodical interval in the time range. For example,“from 8:00 every Monday to 17:00 every Friday” is a typical
periodic time interval. When a time-based application is associated with the time range, a certain function can be effective
periodically from every Monday to Friday.
Features
Feature

Function

Using Absolute Time

Sets an absolute time range for a time-based application, so that a certain function takes effect within the

Range

absolute time range.

Using Periodic Time

Sets periodic time or a time-based application, so that a certain function takes effect within the periodic time.

5.3.1 Using Absolute Time Range

Working Principle
When a time-based application enables a certain function, it determines whether current time is within the absolute time range. If yes,
the function is effective or ineffective at the current time depending on specific configuration.
Related Configuration



Configuring Time Range

No time range is configured by default.
Use the time-range time-range-name command to configure a time range.



Configuring Absolute Time Range

The absolute time range is [00:00 January 1, 0, 23:59 December 31, 9999] by default.
Use the absolute { [start time date] | [end time date] } command to configure the absolute time range.
5.3.2 Using Periodic Time

Working Principle
When a time-based application enables a certain function, it determines whether current time is within the period time. If yes, the
function is effective or ineffective at the current time depending on specific configuration.
Related Configuration



Configuring Time Range

No time range is configured by default.
Use the time-range time-range-name command to configure a time range.



Configure Periodic Time

No periodic time is configured by default.
Use the periodic day-of-the-week time to [day-of-the-week] time command to configure periodic time.
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5.4 Configuration Details
Configuration Item

Suggestions and Related Commands
Mandatory configuration. Time range configuration is required so as to use the time range
function.
time-range time-range-name

Configuring Time Range

Configures a time range.

Optional configuration. You can configure various parameters as necessary.
absolute { [start time date] | [end time date] }
periodic

day-of-the-week

time

[day-of-the-week] time

to

Configures an absolute time range.
Configures periodic time.

5.4.1 Configuring Time Range

Configuration Effect



Configure a time range, which may be an absolute time range or a periodic time interval, so that a time-range-based application
can enable a certain function within the time range.

Configuration Method



Configuring TimeRange



Mandatory configuration.



Perform the configuration on a device to which a time range applies.



Configuring Absolute Time Range



Optional configuration.



Configuring PeriodicTime



Optional configuration.

Verification



Use the show time-range [time-range-name] command to check time range configuration information.

Related Commands



Configuring Time Range

Command

time-range time-range-name

Parameter

time-range-name: name of the time range to be created.

Description
Command

Global configuration mode

Mode
Usage Guide

Some applications (such as ACL) may run based on time. For example, an ACL can be effective within certain time
ranges of a week. To this end, first you must configure a time range, then you can configure relevant time control in
time range configuration mode.
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Configuring Absolute Time Range

Command

absolute { [start time date] | [end time date] }

Parameter

start time date: start time of the range.

Description

end time date: end time of the range.

Command

Time range configuration mode

Mode
Usage Guide

Use the absolute command to configure a time absolute time range between a start time and an end time to allow a
certain function to take effect within the absolute time range.



Configuring Periodic Time

Command

periodic day-of-the-week time to [day-of-the-week] time

Parameter

day-of-the-week: the week day when the periodic time starts or ends

Description

time: the exact time when the periodic time starts or ends

Command

Time range configuration mode

Mode
Usage Guide

Use the periodic command to configure a periodic time interval to allow a certain function to take effect within the
periodic time. If you want to modify the periodic time, it is recommended to disassociate the time range first and
associate the time range after the periodic time is modified.

5.5 Monitoring
Displaying the Running Status
Description

Command

Displays time range configuration.

show time-range [time-range-name]

6 Configuring USB
6.1 Overview
Universal serial bus (USB) is an external bus standard. In this document, USB refers to a USB-compliant peripheral device, for example,
a USBflash drive.
USB is a hot swappable device. Youcan use it to copy files (such as configuration and log files) from a communication device, or copy
external data (such as system upgrade files) to the flash of the communication device.
Specificapplication scenarios of the USB are detailed in configuration guides of related functions. This document describes only how
to identify, use, and remove the USB and view information about the USB.

6.2 Applications
Application

Description

Using a USB Flash Drive to Upgrade a

Upgrade files are stored on a USB flash drive. After a device is powered on, the device detects

Device

the USB flash drive and runs the upgrade command to load the upgrade files. After loading is
completed, the device is reset and runs the upgraded version.
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6.2.1 Using a USB Flash Drive to Upgrade a Device

Scenario
Upgrade files are stored on a USB flash drive. After a device is powered on, the device detects the USB flash drive and runs the
upgrade command to load the upgrade files. After loading is completed, the device is reset and runs the upgraded version. An
example of the upgrade command is as follows:
upgrade usb0:/s12k-ppc_11.0(1B2)_20131025_main_install.bin
If the file is valid and execution of this command succeeds, the device will be automatically reset and run the upgraded version.
Deployment



Use the prefix "usb0:/" to access USB 0. Run the show usb command to display information about the USB with the ID 0.



Run the upgrade command to perform upgrade.

6.3 Features



Using theUSB

Insert a USB into the USB slot. The system automatically searches for the USB. After the USB is located, the driver module automatically
initializes the driver of the USB. After initialization, the system automatically loads the file system on the USB. Later, the system can
read or write this USB.



IfthesystemfindsaUSBandsuccessfullyloadsthedriver,thefollowinginformationwillbedisplayed:

*Jan 1 00:09:42: %USB-5-USB_DISK_FOUND: USB Disk <Mass Storage> has been inserted to USB port 0!
*Jan 1 00:09:42: %USB-5-USB_DISK_PARTITION_MOUNT: Mount usb0(type:FAT32),size : 1050673152B(1002MB)
"Mass Storage" indicates the name of the searched device, and "usb0:" indicates the first USB. "Size" indicates the size of the
partition. For example, according to the preceding information displayed, the USB flash drive has a space of 1002 MB.
"Size" indicates the size of the partition.



Removing theUSB

Use a command line interface (CLI) command to remove the USB first; otherwise, an error may occur if the system is currently using
the USB.



If the USB is successfully removed, the following information will be displayed:

OK, now you can pull out the device 0.
You can remove the USB only after the preceding information is displayed.

6.4 Configuration
Configuration

Description and Command
Mandatory.

Using a USB
N/A
Removing a USB
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usb remove

Removes a USB.

6.4.1 Using a USB

Configuration Effect
After a USB is loaded, you can run the file system commands (such as dir, copy, and del) to perform operations on the USB.
Notes



The FS General Operating System (FSOS) is applicable only to devices (generally common USB flash drives) that support
standard Small Computer System Interface (SCSI) commands. Other devices, such as the USB flash drive embedded in the USB
network interface card (NIC) and USB flash drive with the virtual CD-ROM drive, cannot be used in the FSOS. Some devices are
configured with the function of converting a USB port to the serial port.



The USB supports only the FAT file system. Other file systems on the USB must be formatted to the FAT file system on a PC
before the USB can be used on a device.



The FSOS supports the hub. When a USB flash drive is inserted to a port on a hub, the access path becomes different. If the USB
flashdrive isinserted toaUSB port on adevice,the accesspath is usbX:/, where Xindicatesthe deviceID. You canrun theshow
usb command to display this path. If the USB flash drive is inserted to a USB port through a hub, the access path is usbX-Y:/,
where X indicates the device ID, and Y indicates the hub port ID. For example, usb0-3:/ indicates port 3 on the hub that is
connected to USB port 0 on the device.

Configuration Steps



Identifying a USB

A USB can be directly inserted to the USB slot without a CLI operation.



Using a USB

Perform the following operations to copy files from a USB to the flash:



Run the cd command to enter the partition of the USB.



Run the copy command to copy files on the USB to the flash on the device.



Run the dir command to check whether the files are copied to the device.
If the USB has multiple partitions, you can access only the first FAT partition on the device.
The path of the USB does not contain any upper-level directory. After running the cd usbX:\ command to access a USB, you can
run the cd flash:\ command to return to the flash file system.

Verification
Run the show usb command to display information about the USB inserted to the device.
Configuration Example



Using a USB Flash Drive

Scenario

Standalone environment

Configuration
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Steps



Run the show usb command on the device console.



Copy the config.txt file from the USB flash drive to the flash on the device.

FS#show usb
Device: Mass Storage
ID: 0
URL prefix: usb0
Disk Partitions:
usb0(type:vfat)
Size:15789711360B(15789.7MB)
Available size:15789686784B(15789.6MB)
FS#
FS#
FS#dir usb0:/
Directory of usb0:/
1 -rwx

4 Tue Jan 1 00:00:00 1980 fac_test

2 -rwx

1 Mon Sep 30 13:15:48 2013 config.txt

2 files, 0 directories
15,789,711,360bytestotal(15,789,686,784bytes free)
FS#
FS#
FS#copy usb0:/config.txt flash:/
Copying: !
Accessing usb0:/config.txt finished, 1 bytes prepared
Flushing data to flash:/config.txt...
Flush data done
FS#
FS#

Verification

Check whether the config.txt file exists on the flash.


FS#

FS#dir flash:/
Directory of flash:/
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1 drw-

160 Wed Mar 31 08:40:01 2010

at

2 drwx

160 ThuJan 100:00:111970

dm
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3 drwx

160 Thu Jan 1 00:00:05 1970 rep

4 drwx

160 Mon Apr 26 03:42:00 2010 scc

5 drwx

160 Wed Mar 31 08:39:522010 ssh

6 drwx

224 Thu Jan 1 00:00:06 1970 var

7 d---

288 Sat May 29 06:07:45 2010 web

8 drwx

160 Thu Jan 1 00:00:11 1970 addr

9 drwx

160 Sat May 29 06:07:44 2010 cwmp

10 drwx

784 Sat May 29 06:07:47 2010 sync

11 --w-

92 Tue Feb 2 01:06:55 2010 config_vsu.dat

12 -rw-

244 Sat Apr 3 04:56:52 2010 config.text

13 -rwx

1 Thu Jan 1 00:00:30 1970 .issu_state

14 -rw-

0 Tue Feb 2 01:07:03 2010 ss_ds_debug.txt

15 -rw-

8448 Thu Jan 1 00:01:41 1970 .shadow

16 -rwx

268 Thu Jan 1 00:01:41 1970 .pswdinfo

17 -rw-

4 Tue May 25 09:12:01 2010 reload

18 drwx

232 Wed Mar 31 08:40:00 2010 snpv4

19 drwx

6104 Sat May 29 06:10:45 2010 .config

20 ---21 d---

1 Thu Jan 1 00:04:51 1970 config.txt
160 Thu Jan 1 00:00:12 1970 syslog

22 drwx

160 Tue May 25 03:05:01 2010 upgrade_ram

23 drwx

160 Tue Feb 2 01:06:54 2010 dm_vdu

24 -rwx

16 Thu Jan 1 00:01:41 1970 .username.data

9 files, 15 directories
5,095,424 bytes total (4,960,256 bytes free)
FS#
Common Errors



Insert a USB flash drive that supports non-SCSI commands to the device.



The USB does not use the FAT file system, and cannot be identified by the system.

6.4.2 RemovingaUSB

Configuration Effect
Remove the USB and ensure that the USB and the device are intact.
Notes



Run the usb remove command before removing the USB; otherwise, a system error occurs.
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Configuration Steps



Running the Remove Command



Mandatory.



Run the usb remove command before removing the USB.



Removing theUSB

After the remove command is executed, remove the USB.
Verification
Run the show usb command to display information about the USB inserted to the device.
Related Commands



Removing a USB

Command

usb remove device-id

Parameter

device-id: Indicates the ID of the USB port on the device. You can run the show usb command to display this ID.

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Before removing a USB, run the usb remove command; otherwise, an error occurs if the USB is in use. If the command is
executed, related information will be displayed, and you can remove the USB. If the command execution fails, the USB is
in use. In this case, do not remove the USB until it is not in use.

Configuration Example



Removing a USB

Scenario

Standalone environment

Configuration



Run the show usb command to display the ID of the USB.

Steps



Run the usb remove command to remove the USB.

FS#show usb
Device: Mass Storage
ID: 0
URL prefix: usb0
Disk Partitions:
usb0(type:vfat)
Size:15789711360B(15789.7MB)
Available size:15789686784B(15789.6MB)
FS#
FS#
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FS#usb remove 0
OK, now you can pull out the device 0.

Verification



Run the show usb command again to check whether the USB is removed. If the device with ID 0 is not displayed in
output of the show usb command, the USB is removed.

FS#show usb
FS#

6.5 Monitoring
Displaying
Description

Command

Displays information about the inserted USB.

show usb

7 Configuring UFT
7.1 Overview
The unified forwarding table (UFT) enables the switch to dynamically allocate the hardware forwarding entries..
Protocols and Standards
N/A

7.2 Features
Basic Concepts
N/A
Overview
Feature

Function

UFT operating mode

The UFT provides a mechanism for users to select an operating mode to meet the application scenario needs.
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7.2.1 UFT Operating Mode

Working Principle
The UFT provides a mechanism for users to select an operating mode to meet the application scenario needs.
The UFT supports up to eight operating modes. The selected operating mode can take effect after it is saved and the device is
restarted.



Default

By default, the UFT mode of the switch is Default. In Default mode, each hardware entry of the switch is applied to most of application
scenarios.
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Bridge

The Bridge mode is the Layer 2 forwarding mode. It is applied to the application scenarios in which pure Layer 2 services dominate. In
Bridge mode, ARP,NDand MPLS capacity is greatly reduced and most of capacity is allocated to the MAC address table.



Gateway

The Gateway mode is classified into three modes: gateway mode, gateway-max mode, and gateway-ndmax mode.
Gateway mode is applied to the application scenarios in which Layer 3 services dominate. Gateway-max mode is applied to the
application scenarios in which a large number of terminals are deployed. Gateway-ndmax mode is applied to the application
scenarios in which a large number of IPv6 terminals are deployed.



Route

The Route mode is the network routing mode. It is applied to the application scenarios in which a great amount of routing and
forwarding dominate.
The Route mode is classified into route-v4max and route-v6max modes. In these two modes, the IPv6 and IPv6 network routing table
capacity are respectively allocated to maximum extent.



ACL

The ACL mode is classified into ACL mode and ACL-IPv4 mode.The ACL-IPv4 mode has greater ACL capacity and smaller IPv6 capacity
than the ACLmode.



MC

The MC mode is the multicast mode. It is applied to the multicast routing scenarios.



VXLAN



It is applied to the VXLAN scenarios.ALPM

The vxlan mode is applied to the ALPM scenarios.



dual-stack-alpm

It is applied to the application scenarios that require a great number of IPv4 and IPv6 routes.



ipv6-64-alpm

It is applied to the application scenarios that require a great number of IPv4 and IPv6 routes with subnet mask shorter than 64 bits.



fpem-alpm

It is applied to the application scenarios that require a great number of FP tables and routing tables.

7.3 Applications
Typical Application

Scenario

Dynamic Entry Allocation

When a device operates in common routing mode, the MPLS label is not required for forwarding
and the corresponding entry capacity is not used. If the entry capacity of the MPLS label can be
used by other entries, such as ARP/ND entries, the device can learn more ARP/ND entries.
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7.3.1 Dynamic Entry Allocation

Scenario
The following figure shows the simple and common topology of the campus network. The core device may be deployed in the small
convergence area as a small convergence device. Layer 2 functions of the core device are mainly enabled. The core device can also be
deployed in the large convergence area as a large convergence device. In this case, the core device works as a gateway. When the
core device acts as a small convergence device, it requires a large enough size of the MAC address table.
Another application scenario of the core device is acting as a large convergence device, namely, a large gateway. Its access capability
depends on the ARP and ND capacity, namely, the number of IPv4 and IPv6 terminals that can be accessed. Takethe device installed
with Windows7 operating system as an example. Such a device supports IPv4 and IPv6 dual-stack. When a terminal accesses the
device, the terminal occupies one ARP entry and one ND entry. In this application scenario, a great number of ARP and ND entries are
required.
Figure 8- 1

Deployment



Enable the switch to operate in Bridge mode of UFT to increase the MAC address table capacity.



Enable the switch to operate in Gateway mode of UFT to increase the ARP and ND entry capacity.

7.4 Configuration
Configuration
Item

Suggestions and Related Commands
Optional configuration. Switch over the current UFT operating mode of the switch.

Configuring UFT
Operating Mode

switch-mode mode_type slot slot_num
switch-mode mode_type switch switch_num slot slot_num

Switches the UFT operating mode in stand-alone
mode.
Switches the UFT operating mode inVSU mode.

7.4.1 Configuring UFT OperatingMode

Configuration Effect
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Configure the Bridge mode to increase the Layer 2 entry size. The Bridge mode is applied to the application scenarios in which
Layer 2 services dominate.



Configure the Gateway mode to increase the ARP and ND table size.The Gateway mode is applied to the application scenarios
in which Layer3 services dominate.



Configure theRoute mode to increase the routing table size.The Route mode isapplied to the application scenarios that require
a great amount of routing and forwarding.

Notes



After configuration is complete, save it and restart the device to validate configuration.



Change the UFT mode and save the change. When the device is restarted for the first time after being upgraded, the UFT
function may result in automatic restart of the line card once.



Different devices support different UFT modes.

Configuration Method



Switching the UFT Operating Mode in Stand-Alone Mode

Mandatory configuration.
Use the switch-mode mode_type slot slot_num command to switch the UFT mode of the switch.
Command

switch-mode mode_type slot slot_num

Syntax
Parameter

mode_type: UFT operating mode.

Description

slot_num: indicates the corresponding line card installed in the chassis.

Defaults

Default mode

Command Mode Global configuration mode
Usage Guide



In stand-alone mode, the line card can operate in the following modes:



default: Default mode, which is applied to most of application scenarios.



bridge: Bridge mode, which is applied to the application scenarios where pure Layer 2 services dominate.



gateway: Gateway mode, which is applied to the application scenario in which Layer 3 services dominate.



gateway-max: Gateway-max mode, which is applied to the application scenarios in which a laFSe number of
terminals are deployed.



gateway-ndmax: Gateway-ndmax mode, which is applied to the application scenarios in which a laFSe number of
IPv6 terminals are deployed.



label: Label mode, which is applied to the application scenarios that require a great amount of MPLS.



route-v4max: IPv4 routing mode, which is applied to the application scenarios that require a great number of IPv4
routes.



route-v6max: IPv6 routing mode, which is applied to the application scenarios that require a great number of IPv6
routes.
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acl: ACL mode, which is applied to the ACL and other security scenarios.



acl-ipv4: ACL-IPv4 mode, which is applied to the scenarios that require great ACL capacity and small IPv6 route
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capacity.



mc: Multicast mode, which is applied to the multicast routing scenarios.



vxlan: vxlan mode, which is applied to the vxlan scenarios.



alpm: alpm mode, which is applied to the vxlan scenarios.



dual-stack-alpm: dual-stack-alpm mode, which is applied to the application scenarios that require a great number
of IPv4 and IPv6 routes.



ipv6-64-alpm: ipv6-64-alpm mode, which is applied to the application scenarios that require a great number of
IPv4 and IPv6 routes with subnet mask shorter than 64 bits.



fpem-alpm: fpem-alpm mode, which is applied to the application scenarios that require a great numberof FP
tables and routing tables.



Switching the UFT Operating Mode in VSU Mode

Mandatory configuration.
Use the switch-mode mode_type switch switch_num slot slot_num command to switch the UFT mode of the switch.
Command

switch-mode mode_type switch switch_num slot slot_num

Syntax
Parameter

mode_type: UFT operating mode.

Description

switch_num: In stand-alone mode, the switch keyword is invisible. In VSU mode, the switch keyword indicates the chassis
or box device.
slot_num: indicates the line card installed in the chassis device.

Defaults

Default mode

Command Mode Global configuration mode
Usage Guide



In VSU mode, the line card can operate in the following modes:



default: Default mode, which is applied to most of application scenarios.



bridge: Bridge mode, which is applied to the application scenarios where pure Layer 2 services dominate.



gateway: Gateway mode, which is applied to the application scenarios in which Layer 3 services dominate.



gateway-max: Gateway-max mode, which is applied to the application scenarios in which a laFSe number of
terminals are deployed.



gateway-ndmax:Gateway_ndmax mode, whichisappliedtotheapplication scenarios inwhichalaFSe number of
IPv6 terminals are deployed.



label: Label mode, which is applied to the application scenarios that require a great amount of MPLS.



route-v4max: IPv4 routing mode, which is applied to the application scenarios that require a great number of IPv4
routes.



route-v6max: IPv6 routing mode, which is applied to the application scenarios that require a great number of IPv6
routes.



acl: ACL mode, which is applied to the ACL and other security scenarios.



acl-ipv4: ACL-IPv4 mode, which is applied to the scenarios that require great ACL capacity and small IPv6 route
capacity.
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mc: Multicast mode, which is applied to the multicast routing scenarios.



vxlan: vxlan mode, which is applied to the vxlan scenarios.



alpm: alpm mode.



dual-stack-alpm: dual-stack-alpm mode, which is applied to the application scenarios that require a great number
of IPv4 and IPv6 routes.



ipv6-64-alpm: ipv6-64-alpm mode, which is applied to the application scenarios that require a great number of
IPv4 and IPv6 routes with subnet mask shorter than 64 bits.



fpem-alpm: fpem-alpm mode, which is applied to the application scenarios that require a great numberof FP
tables and routing tables.

Verification



After the device is restarted, use the show run command to display the current line card status and check whether the
configuration takes effect.



Use the show switch-mode status command to display the UFT mode status.

Command

show switch-mode status

Syntax
Parameter

N/A

Description
Command Mode Privileged EXEC mode, global configuration mode, interface configuration mode
Usage Guide

N/A

Configuration

FS(config)##show switch-mode status

Example

Slot No

Switch-Mode-Next

switch 1 slot 3------0



Switch-Mode-Current

----------------

bridge

------------------bridge

Use the show switch-mode all command to display the software and hardware resource in a mode or in all modes.

Command

show switch-mode all

Syntax
Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, interface configuration mode

Mode
Usage Guide

N/A

Configuration

FS#show switch-mode all

Example

Current mode is marked by * :
Hardware:
---------Switch Mode

L2_ENTRY

L3_ENTRY L3_DEFIP

L3_DEFIP_128 ALPM-V4 ALPM-V6

----------------------------------------------------------------------------------
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default

98304

bridge

294912

212992
16384

6144
6144

1024
1024

0
0

0
0

(*)

gateway

98304

212992

6144

1024

0

0
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route-v4max

98304

212992

8192

0

0

0

route-v6max

98304

212992

6144

1024

0

0

alpm

32768

vxlan

98304

vxlan-border
default-overlay

98304
98304

16384
212992
212992
212992

4096
6144
6144
6144

2048

196608 65536

1024
1024
1024

0

0

0

0

0

0

bridge-overlay

294912

16384

6144

1024

0

0

gateway-overlay

98304

212992

6144

1024

0

0

gateway-max-overla 98304

212992

6144

1024

0

0

gateway-ndmax-over

98304

212992

6144

1024

0

0

route-v4max-overla

98304

212992

8192

0

0

0

route-v6max-overla

98304

212992

6144

1024

0

0

alpm-overlay

32768

16384

4096

2048

196608 65536

Software:
---------Switch Mode

Ipv4_host

Ipv6_host Ipv4_lpm

Ipv6_lpm

Arp

Nd

---------------------------------------------------------------------------------default

160000

70000

20000

10000

40000

40000

bridge

30000

12000

20000

10000

7000

7000

gateway

160000

70000

20000

10000

route-v4max

160000

70000

20000

10000

128000

40000

route-v6max

160000

70000

20000

10000

40000

40000

alpm

138000

25000

130000

17000

8000

8000

vxlan

160000

vxlan-border

160000

70000
70000

20000

default-overlay

160000

bridge-overlay

30000

12000

20000

gateway-overlay

160000

70000

gateway-max-overla 160000

70000

gateway-ndmax-over 160000

70000

20000

70000

20000

10000
10000

121000
121000

40000

8000
8000

40000

40000

10000

7000

7000

20000

10000

40000

8000

20000

10000

106496

77824

20000

10000

40000

10000

(*)

106496 77824

route-v4max-overla

160000

70000

20000

10000

40000

8000

route-v6max-overla

160000

70000

20000

10000

40000

8000

alpm-overlay

138000

25000

138000

17000

121000

16000

Configuration Examples



Switching UFT Operating Mode in Stand-Alone Mode

Network

N/A

Environment
Configuration

Switch the UFT operating mode of the line card in slot3 of the switch to Bridge mode.

Method
FS(config)#switch-mode bridge slot 3
Please save current config and restart your device!
FS(config)#show run
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Building configuration...
Current configuration : 1366 bytes
version 11.0(1B2)
!
cwmp
!
install 3 M8600E-24XS4QXS-DB
!
sysmac 1414.4b34.5624
!
nfpp
!
switch-mode bridge slot 3
Check Method

Use the show switch-mode status command to display configuration information and UFT mode..
FS#show switch-mode status
Slot No
------0

Switch-Mode-Next
---------------bridge

Switch-Mode-Current

------------------bridge

Common Errors
-

7.5 Monitoring
Clearing
N/A
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Displaying the

Running

Status
Description

Command

Displays UFT operating mode of the

show switch-mode status

switch
Displays software and hardware resource show switch-mode all
in UFT mode.
Displaying

Debugging

Information
The preceding monitoring and maintaining commands are also valid to the chassis devices and box devices, in stand-alone
mode.
In stand-alone mode, the switch keyword is invisible. For the chassis device, slot keyword indicates a specified line card.

8 Configuring TCAM Mode
8.1 Overview
Ternary content addressable memory (TCAM) is content addressable memory (CAM) that can match a third state of "don't care". It is
designed for rapid lookup of ACL and routing table entries. In this chapter, TCAM resources are used for rapid ACL entry lookup.
Various services use hardware TCAM resources of the switch in different ways. When most service resources are dynamically allocated,
services need to be integrated in specific scenarios due to limited TCAM resources. The TCAM mode ensures flexible TCAM resource
allocation.

8.2 Applications
Application

Description

Allocating TCAM Resources

In specific scenarios, a switch will use various ACL-related services (TCAM services for short).
In such scenarios, TCAM resources may be insufficient, and multiple service applications
need to be integrated to the same group to share the same TCAM resources. For example, in
dual-stack scenarios, the security ACL traffic statistics collection (counter-only) service and
the QoS remark service are integrated to the same group to share the same TCAM resources.
In this way, more TCAM services can be deployed.

8.2.1 Allocating TCAM Resources

Scenario
By default, TCAM services are not integrated. One service occupies at least one or two TCAM resources. In dual-stack scenarios,
multiple TCAM services cannot be used due to limited TCAM resources. If many TCAM services are required, TCAM services that do not
conflict need to be integrated to fully utilize TC AM resources.
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For example, the following services can be integrated: (Non-IPv6 CPP services are called CPP v4 services for short, and IPv6 CPP
services are called CPP v6 services for short. Keywords "in" and "out" in services indicate services that take effect to inbound and
outbound traffic respectively.)
(1) CPP v4 services and sub-interface route-sample v4 in services
(2) CPP v6 services and sub-interface route-sample v6 in services
(3) ACL v4 in traffic statistics collection (counter-only) and QoS remark v4 in services
(4) ACL v6 in traffic statistics collection (counter-only) and QoS remark v6 in services
(5) ACL v4 out traffic statistics collection (counter-only) and sub-interface route-sample v4 out services
(6) ACL v6 out traffic statistics collection (counter-only) and sub-interface route-sample v6 out services
Deployment



Configure the TCAM mode of a switch to acl-max or acl-slices_all to integrate TCAM services that do not conflict to share the
same TCAM resources, and therefore to fully utilize TCAM resources.

8.3 Features
Basic Concepts
N/A
Overview
Feature

Description

TCAM Mode

Users can select a TCAM mode for a scenario based on TCAM resource requirements of the scenario.

8.3.1 TCAM Mode

Working Principle
Users can select a TCAM mode for a scenario based on TCAM resource requirements of the scenario.
Two TCAM modes are supported, and both modes take effect after the configuration is saved and the switch is restarted.



default

The default TCAM mode of a switch is default. In this mode, TCAM services will not be integrated to share the sameTCAM resources.
This mode applies to scenarios in which few TCAM services are used.



acl-max

The acl-max mode enables TCAM services to fully utilize TCAM resources. In this mode, TCAM services that do not conflict will be
integrated to share the same TCAM resources.



acl-slices_all

The acl-slices_all mode enables TCAM service to use as much TCAM resource as possible.
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8.4 Configuration
Configuration

Description and Command
(Optional) By default, a TCAM mode is configured. It is used to configure the TCAM mode of a
switch.

Configuring the TCAM Mode

tcam-mode mode-type

Configures a TCAM mode.

8.4.1 Configuring the TCAM Mode

Configuration Effect



Configure the acl-max mode to enable TCAM services to fully utilize TCAM resources. In this mode, TCAM services that do not
conflict will be integrated to share the same TCAM resources.

Notes



After the TCAM mode is set to default or acl-max, the configuration needs to be saved and the switch needs to be restarted for
the configuration to take effect.



When the TCAM mode is changed to acl-max and the configuration is saved, the switch will be upgraded. If the switch is
restarted for the first time, the line card will be restarted once automatically.

Configuration Steps



Configuring the ACL-MAX Mode



The default TCAM mode of a switch is default.



Optional. By default, a TCAM mode is configured and cannot be disabled.

Command

tcam-mode mode-type

Parameter

mode -type: specifies the TCAM mode.

Description
Defaults

By default, the TCAM mode is set to default.

Command Mode

Global configuration mode

Usage Guide

Configure the TCAM mode of a switch to either of the following modes:


default: applies to most scenarios.



acl-max: ACL-MAX mode, applies to scenarios in which TCAM services that do not conflict need to be
integrated to share the same TCAM resources, and therefore to fully utilize TCAM resources.



acl-slices-all: ACL-SLICES-ALL mode, applies to scenarios in which TCAM services that do not conflict need
to be integrated to share the same TCAM resources, and therefore to fully utilize TCAM resources.

Verification



After the switch is restarted, run the show run command to check whether the current configuration takes effect.



Run the show tcam-mode status command to display the TCAM mode status.

Command

show tcam-mode status

Parameter

N/A

Description
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Command Mode

Privileged EXEC mode, global configuration mode, and interface configuration mode

Usage Guide

N/A

Command

The following example displays ACL-MAX mode.

Presentation

FS(config)# show tcam-mode status
TCAM-Mode
config-mode: acl-max
save-mode: acl-max
running-mode: acl-max
The following example displays ACL-SLICES-ALL mode.
FS(config)# show tcam-mode status
config-mode: acl-slices-all
save-mode: acl-slices-all
running-mode: acl-slices-all

Configuration Example



Configuring the ACL-MAX Mode

Scenario

N/A

Configuration

Set the TCAM mode of a switch to ACL-MAX.

Steps
FS# configure terminal
FS(config)# tcam-mode acl-max
Please remove ACL related config,save current config and restart your device!
FS(config)# show run
Building configuration...
Current configuration : 2597 bytes
...
tcam-mode acl-max
Verification

Run the show tcam-mode status command to display the configuration information.
FS(config)# show tcam-mode status
TCAM-Mode
--------acl-max



Configuring the ACL-SLICES-ALL Mode

Scenario

N/A

Configuration

Set the TCAM mode of a switch to ACL-SLICES-ALL.

Steps
FS# configure terminal
FS(config)# tcam-mode acl-max
Please remove ACL related config,save current config and restart your device!
FS(config)# show run
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Building configuration...
Current configuration : 2597 bytes
...
tcam-mode acl-max
Verification

Run the show tcam-mode status command to display the configuration information.
FS(config)# show tcam-mode status
config-mode: acl-slices-all
save-mode: acl-slices-all
running-mode: acl-slices-all

Common Errors
N/A

8.5 Monitoring
Clearing
N/A
Displaying
Description

Command

Displays the TCAM mode of a switch.

show tcam-mode status

Debugging

9Configuring ZAM
9.1 Overview
Manual deployment of all required devicesforgo-online ona network consumes alot of labor and material resources,and has the
following problems or defects:



Manual deployment of a massive number of devices for go-online on a network imposes a high technicalrequirement on
deployment personnel. It requires a long period, resulting in high labor and material costs.



Manual deployment of a massive number of devices may cause fatigue, and consequently, may easily cause deployment
inconsistency or errors, resulting in network malfunction.



Manual deployment does not support control and unified management, easily causing difference and inconsistency.



Itis hard totrackan event and networkdevicedeployment.The entiredeployment processcannot be controlledand easily
results in problems or missing.



Itishard tomanage devicego-online inaunifiedmanner. Onlinestatusesof devices cannot be trackedand thus administrators
cannot learn about the online and running statuses of the devices on the network.



Device extensibility is poor. Automatic deployment of extensible devices and even the extensible network is not supported.
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To address the preceding problems, FS launches the ZAM solution to enable zero configuration of network devices, support
plug-and-play,and realizeunifiedand automaticdeployment.TheZAMsolutionimposesfewtechnicalrequirement ondeployment
personnel and helps reduce workload and costs. It avoids inconsistent deployment, supports unified deployment and management,
tracks online statuses of devices, and simplifies operation, maintenance, and deployment of a massive number of devices.
Protocols and Standards



RFC1541: DHCP standard

9.2 Application
Application

Description

ZAM Automatic Deployment

Implements unified management on device deployment for go-online.

9.2.1 ZAM Automatic Deployment

Scenario
Figure 10- 1 shows the network topology for ZAM solution. On the basis of the original network, a ZAM control server isadded. DHCP
andTFTP services are deployed on the ZAM server for managing and controlling device deployment in a unified manner for go-online,
thus realizing unified management of all the deployed devices.
Figure 10- 1

Deployment



Deploy DHCP and TFTP services on the ZAM control server.



Enable ZAM for access switch server groups 1, 2…N.
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9.3 Features
Basic Concepts



ZAM

Zero Automatic Manage



IDC

Internet Data Center



DHCP

Dynamic Host Configuration Protocol



TFTP

Trivial File Transfer Protocol
Feature
Feature

Description

Device Go-online via

Uses the ZAM solution to enable zero configuration of network devices.

ZAM
9.3.1 Device Go-online via ZAM

The ZAM solution is implemented via three steps.
Step1:Adevicewithoutconfigurationsaccessesanetwork.ThedeviceappliesforafixedIPaddressfromtheZAMcontrolservervia
DHCP.The ZAM control server responds to the application by returning an IP address and the response also carries the TFTP server IP
addressandtheconfigurationfilenamecorrespondingtothedevice.ThedeviceautomaticallyappliestheIPaddress,andresolves
the TFTP server IP address and the configuration file name carried in the response.
Step 2: The device downloads the corresponding configuration file from the ZAM control server via TFTP (a TFTP server can be
independently established).
Step 3: The device loads the configuration file.
The ZAMcontrol server and devicerequiring go-online must meet thefollowing requirements:
The ZAM control server must:



Be capable of identifying a device requiring go-online, IP address of a specific device, the TFTP server IP address, and
configuration file name of this device saved on the TFTP server.



Be capable of allocating IP addresses to a device requiring go-online, that is, be capable of providing the DHCP service to
pre-allocate an IP address, a TFTP server IP address, and a configuration file name, and enabling matching between the device
and the preceding pre-allocated information.



Provide theTFTP function and support configurationfiledownload and storageiftheTFTP functionisdeployedon the ZAM
control server (recommended).

The device requiring go-online must:
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Be capable of automatically determining whether to go online via the ZAM solution after being powered on, that is,
determining whether to go online without configuration via the ZAM solution.



Be capable of applying to the DHCP server for an IP address, and obtaining the TFTP server IP address and configures file name.



Be capable of downloading the specified configuration scripts from the TFTP server via TFTP.



Be capable of automatically loading the configuration script.



Provide a retry mechanism upon a ZAM deployment failure and provide a ZAM exit mechanism.

Working Principle
Device go-online via ZAM is divided into four stages:



Initialization

Atthisstage,adevicewithout configurations ispowered onandaccessesa network.Afterloadingiscompleted, thedevice
automatically pre-deploys the ZAM environment. The pre-deployment requirement is as follows:



Use the MGMT port for ZTP management and retain all default configurations without extra operation.



DHCP

After the pre-deployment, the device obtains the ZAM management IP address, TFTP server IP address, configuration file name of the
device via DHCP. Requirements are as follows:



On the MGMT port, enable DHCP.



TriggerDHCPtoobtain theZAMmanagement IPaddress.Addrequestidentifiersof Option67(boot filename) andOption150
(TFTP server IP address) to the requested parameter list.



Resolve and deploy ZAM management IP address. Resolve Option 67 and Option 150 in the response.



TFTP

DownloadthecorrespondingconfigurationscriptaccordingtotheconfigurationfilenameandTFTPserverIPaddressobtainedatthe
DHCP stage.
Aftertheconfiguration scriptisdownloadedsuccessfully,executetheconfigurationscript todownloadthecorresponding
configuration file or bin file from the TFTP server.



Configuration loading

Load the configuration file or bin file obtained at the TFTP stage and restart the device.
Related Configuration



Enabling ZAM

This function is enabled by default.
Run the ZAM command to enable or disable ZAM.
ZAM must be enabled on the device to implement automatic deployment via ZAM.

9.4 Configuration
Configuration
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Configuring Device Go-online
via ZAM

(Mandatory) It is used to enable ZAM.
zam

Enables ZAM.

9.4.1 Configuring Device Go-online via ZAM

Configuration Effect



Configuredevicego-online viaZAM,sothatadevicewithout configurationsentersthego-onlineprocessand implements
automatic deployment.

Notes



Deploy a ZTP control server that supports device go-online via ZAM.

Configuration Steps



Enabling ZAM



Mandatory.



Enable ZAM on each switch, unless otherwise specified.

Verification
Run the show zam command to check whether ZAM is enabled and to check configuration of the MGMT port.
Related Commands



Enabling ZAM

Command

zam

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Configure ZAM.

Configuration Example
The following configuration example describes ZAM-related configuration only.



Configuring Device Go-online via ZAM

Configuration Steps Configure device go-online via ZAM as follows:



Enable ZAM.

Online device via

A# configure terminal

ZAM

A(config)# zam
A(config)# exit

Verification



FS

FS#show zam
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ZTP state

: disable

ZTP status

: Now is idle

ZTP manage interface: Mgmt 0
FS#
Common Errors



The network connection between a device requiring go-online and the ZAM control server is abnormal.



The device requiring go-online is not in the zero-configuration state.

9.5 Monitoring
Displaying
Description

Command

Displays the current configuration and

show zam

status of ZAM.
Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
Description

Command

Debugs the ZAM framework event.

debug zam

10 Configuring Module Hot Swapping
11Overview
Module Hot Swapping is a common maintenance function provided by chassis-based devices.
Module Hot Swapping automates the installation, uninstallation, reset, and information check of hot-swappable modules
(management cards, line cards, cross-connect and synchronous timing boards [XCSs], and multi-service cards) after they are inserted
into chassis-based devices.
12Applications
Application

Description

Resetting Online Modules

During routine maintenance, you can reset an abnormally running module to troubleshoot
the fault.

Clearing the Configuration of a Module

During routine maintenance, you can replace the module in a slot with a different type of
module.

Deleting a MAC Address from the

During routine maintenance, you can delete the MACaddresses of VSUmember devices to

Configuration File

perform MAC address reelection.

Isolating an Online Module

During routine maintenance, you can isolate a module before removing it for replacement to
reduce the impact on system running.
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12.1.1 Resetting OnlineModules

Scenario
During routine maintenance, you can reset an abnormally running module in a slot to troubleshoot the fault.
Deployment
Run the reset module command on the console to reset a module.
12.1.2 Clearing the Configuration of a Module

Scenario
During routine maintenance, you can replace the module in a slot on a chassis-based device with a different type of module without
affecting other modules.
Deployment
Perform the following operations in sequence:
1.

Remove the module from the taFSet slot.

2.

Run the remove configuration module command on the device to remove the module configuration.

3.

Insert a new module into the slot.

12.1.3 Deleting a MAC Address from the Configuration File

Scenario
Ingeneral, theMACaddressusedbyasystemiswritteninthemanagementcardor theflashmemory ofthechassis.InVSUmode,to
avoid service interruption due to the change of the MAC address, the system automatically saves the MAC address to the
configuration file. After the system restarts, the valid MAC address (if any) in the configuration file is used in preference. The no
sysmac command can be used to delete the MAC address from the configuration file. Then the MAC address written in the flash
memory is used by default.
Deployment
Perform the following operations in sequence:
1.

Run the no sysmac command on the taFSet device to delete its MAC address.

2.

Save the configuration.

3.

Restart the VSU and check whether the MAC address of the device is reelected.

12.1.4 Isolating an Online Module

Scenario
During routine maintenance, you can isolate a module before removing it for replacement to reduce the impact on system running.
Deployment
Enter the module isolation command on the console to isolate a module.
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13Features
Feature
Feature

Description

Automatically Installing After a new module is inserted into a chassis-based device, the device's management software will
the Inserted Module

automatically install the module driver.

Resetting Online

Online modules can be reset.

Modules
13.1

Automatically Installing the Inserted Module
Youcan hot-swap (insert and remove) a module on a device in running state without impact on other modules. After the module is
inserted intoa slot, thedevice's management software willautomatically installthe module driver.The configuration of theremoved
module is retained for subsequent configuration. If the removed module is inserted again, the module will be automatically started
with its configuration effective.
The module mentioned here can be a management card, a line card, an XCS, or a multi-service card. A management card can
only be inserted in a management card slot (M1 or M2). A line card or multi-service card can be inserted in a line card slot. An
XCS can only be inserted in an XCS slot.
Working Principle
After a module is inserted, the device's management software will automatically install the module driver and save the module
information (such as the quantity of ports on the module and port type) to the device, which will be used for subsequent
configuration. After the module is removed, itsinformation is not cleared bythe management software.Youcan continue to configure
the module information. When the module is inserted again, the management software assigns the user's module configuration to
the module and make it take effect.
13.2 Resetting Online Modules

Themanagementsoftwareofadeviceprovidestheonlinemoduleresetfeatureformodulesoftwaretroubleshooting.
Resetting an online module may interrupt some services on the device.
Working Principle
Afteryou runthe resetmodule command, thedevice'smanagement softwareusesahardwareor softwareinterfaceof thedeviceto
restart the software on the taFSet module and restores the hardware chip to the post-power-on state. The software failure of the
module will be rectified after the module is reset.
13.2.1 Isolating Online Module

The device management software provides the online module isolation function. By using the function, you can isolate online
modules to reduce the impact of module removal on system running.
Isolating an online module will result in service interruption on the module. However, system running and services on other
modules are not affected.
Working Principle
After receiving an online module isolation command entered by a user, the device management software sets the taFSet module to
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theoffline stateover a hardware or software interfaceon the device. In this case, the impact on system running is reduced when the
module is removed.
14Configuration
The module Hot Swapping feature is automatically implemented without manual configuration.
Configuration

Description and Command
(Optional) It is used to clear configuration in global configuration mode. After you run the
following commands, you need to save the command configuration so that it can take effect

Clearing Module and Device

after system restart.

Configuration
no sysmac

Isolating an Online Module

Deletes a MAC address from the configuration
file.

sysmac

Modifies a MAC address in the configuration file.

module-offline slot-num

Isolates an online module.

14.1 Clearing Module and Device Configuration

Configuration Effect



Clear the configuration of a module.



Delete a MAC address from the configuration file.

Configuration Steps



Deleting a MAC Address from the Configuration File



(Optional) Perform this configuration when you need to change the MAC address of a system to the reelected MAC address.



In general, the MAC address used by a system is written in the management card or the flash memory of the chassis. In VSU
mode, to avoid service interruption due to the change of the MAC address, the system automatically saves the MAC address to
the configuration file. After the system restarts, the valid MAC address (if any) in the configuration file is used in preference.

Command

no sysmac

Parameter

N/A

Description
Defaults
Command

N/A
Global configuration mode

Mode
Usage Guide

Use this command to delete a MAC address from the configuration file. Then the MAC address written in the flash
memory is used by default.

Verification
Run the show version slot command to display the installation information of a line card.
Command

show version slots [ device-id / slot-num ]

Parameter

device-id: (Optional) Indicates the ID of a chassis.

Description

slot-num: (Optional) Indicates the number of a slot.

Command

Privileged EXEC mode

www.fs.com

76

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Mode
Usage Guide

Use this command to display the online state of a module. The Configured Module column shows the information of
the installed module. After you run the remove configuration module command, the installation information of the
removed module is deleted from this column.
Showthe module online status information
FS# show version slots
Dev Slot Port Configured Module
--- ---- ---- -----------------

Online Module

-----

Software Status

--------------

1

1

0

none

none

none

1

2

24

M8606-24SFP/12GT

M8606-24SFP/12GT

none

1

3

2

M8606-2XFP

M8606-2XFP

cannotstartup

1

4

24

M8606-24GT/12SFP

M8606-24GT/12SFP

ok

1

M1

0

N/A

1

M2

0

N/A

M8606-CM
none

master
none

14.2 Isolating OnlineModules

Configuration Effect



Isolate online modules.

Configuration Steps



Isolating Online Modules

Command

module-offline [device-id/] slot-num

Parameter

device-id:IndicatestheIDofachassis(inVSUmode,you mustinput theIDofthechassishousingthemoduletobe

Description

removed. In stand-alone, the input is not required).
slot-num: Indicates the number of the slot for the module.

Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

Use this command to reduce the impact on the system before removing a module.
This command is forbidden for VSL module or the last FE module.

Verification
Run the show version slot command to display the information of a module.
Command

show version slots [ device-id / slot-num ]

Parameter

device-id:(Optional)IndicatestheIDofachassis(inVSUmode,when youinput aslotnumber,youalsoneedtoinput

Description

the ID of the chassis where the module is located).
slot-num: (Optional) Indicates the number of a slot.

Command
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Mode
Usage Guide

Use this command to display the online state of a module. The Software Status column shows the information of
the installed module. After you run the module-offline command, the software status is offline.
FS# show version slots
Dev Slot Port Configured Module
--- ---- ---- -----------------

Online Module

-----

Software Status

--------------

1

1

0

none

none

none

1

2

24

M8606-24SFP/12GT

M8606-24SFP/12GT

none

1

3

2

M8606-2XFP

M8606-2XFP

offline

1

4

24

M8606-24GT/12SFP

M8606-24GT/12SFP

ok

1

M1

0

N/A

1

M2

0

N/A

M8606-CM

master

none

none

Configuration Example



Isolating Offline Modules

Scenario



The module in slot 3 needs to be isolated before being removed.

Configuration



Run the show version slots command to delete the card configuration.

Steps
FS# module-offline 3



Run the show version slots command to verify that the module in slot 3 is offline.

FS# show version slots
Dev Slot Port Configured Module
--- ---- ---- -----------------

Online Module

-----

Software Status

--------------

1

1

0

none

none

none

1

2

24

M8606-24SFP/12GT

M8606-24SFP/12GT

none

1

3

2

M8606-2XFP

M8606-2XFP

offline

1

4

24

M8606-24GT/12SFP

M8606-24GT/12SFP

ok

1

M1

0

N/A

M8606-CM

1

M2

0

N/A

none

master
none

15Monitoring
Displaying
Description

Command

Displays the details of a module.

show version module detail [ slot-num ]

Displays the online state of a module.

show version slots [ slot-num ]

Displays the current MAC address of a

show sysmac
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device.
Displays system-level alarm information.

show alarm

16 Configuring Supervisor Module Redundancy
16.1 Overview
Supervisor module redundancy is a mechanism that adopts real-time backup (also called hot backup) of the service running status of
supervisor modules to improve the device availability.
In a network device with the control plane separated from the forwarding plane, the control plane runs on a supervisor module and
the forwarding plane runs on cards. The control plane information of the master supervisor module is backed up to the slave
supervisor module in real time during device running. When the master supervisor module is shut down as expected (for example,
due to software upgrade) or unexpectedly (for example, due to software or hardware exception), the device can automatically and
rapidly switch to the slave supervisor module without losing user configuration, thereby ensuring the normal operation of the
network. The forwarding plane continues with packet forwarding during switching. The forwarding is not stopped and no topology
fluctuation occurs during the restart of the control plane.
The supervisor module redundancy technology provides the following conveniences for network services:
1.

Improving the networkavailability

The supervisor module redundancy technology sustains data forwarding and the status information about user sessions during
switching.
2.

Preventing neighbors from detecting link flaps

The forwarding plane is not restarted during switching. Therefore, neighbors cannot detect the status change of a link from Down to
Up.
3.

Preventing route flaps

The forwarding plane sustains forwarding communication during switching, and the control plane rapidly constructs a new
forwarding table. The process of replacing the old forwarding table with the new one is unobvious, preventing route flaps.
4.

Preventing loss of user sessions

Thanks to real-time status synchronization, user sessions that are created prior to switching are not lost.

16.2 Applications
Application

Description

Redundancy of Supervisor

On a core switch where two supervisor modules are installed, the redundancy technology can improve

Modules

the network stability and system availability.

16.2.1 Redundancy of Supervisor Modules

Scenario
As shown in the following figure, in this network topology, if the core switch malfunctions, networks connected to the core switch
break down. In order to improve the network stability, two supervisor modules need to be configured on the core switch to
implement redundancy. The master supervisor module manages the entire system and the slave supervisor module backs up
information about service running status of the master supervisor module in real time. When manual switching is performed or
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forcible switching is performed due to a failure occurring on the master supervisor module, the slave supervisor module immediately
takes over functions of the master supervisor module. The forwarding plane can proceed with data forwarding and the system
availability is enhanced.
Figure 12- 1

Deployment
For chassis-type devices, the system is equipped with the master/slave backup mechanism. The system supports plug-and-play as
long as master and slave supervisor modules conform to redundancy conditions.
For case-type devices, each device is equivalent to one supervisor module and one line card.

16.3 Features
Basic Concepts



Master Supervisor Module, Slave Supervisor Module

Ona devicewhere twosupervisor modules areinstalled, the systemelectsone supervisor module as active, whichis calledthe master
supervisor module. The other supervisor module functions as a backup supervisor module. When the master supervisor module
malfunctions or actively requests switching, the backup supervisor module takes over the functions of the master supervisor module
and becomes the new mastersupervisor module, whichiscalled theslavesupervisor module. Ingeneral, the slave supervisor module
does not participate in switch management but monitors the running status of the master supervisor module.



Prerequisites for Redundancy of Supervisor Modules

In a device system, the hardware and software of all supervisor modules must be compatible so that the redundancy of supervisor
modules functions properly.
Batch synchronization is required between the master and slave supervisor modules during startup so that the two supervisor
modules are in the same state. The redundancy of supervisor modules is ineffective prior to synchronization.
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Redundancy Status of Supervisor Modules

The master supervisor module experiences the following status changes during master/slave backup:



alone state: In this state, only one supervisor module is running in the system, or the master/slave switching is not complete,
and redundancy is not established between the new master supervisor module and the new slave supervisor module.



batch state: In this state, redundancy is established between the master and slave supervisor modules and batch backup is
being performed.



realtime state: The master supervisor module enters this state after the batch backup between the master and slave supervisor
modules is complete. Real-timebackup isperformed between themaster and slave supervisor modules, and manual switching
can be performed only in this state.

Overview
Feature

Description

Election of Master and Slave

The device can automatically select the master and slave supervisor modules based on the current

Supervisor Modules

status of the system. Manual selection is also supported.

Information Synchronization of In the redundancy environment of supervisor modules, the master supervisor module synchronizes
Supervisor Modules

status information and configuration files to the slave supervisor module in real time.

16.3.1 Election of Master and Slave Supervisor Modules

Working Principle



Automatically Selecting Master and Slave Supervisor Modules for Chassis-type Devices

Users are allowed to insert or remove supervisor modules during device running. The device, based on the current condition of the
system, automatically selects an engine for running, without affecting the normal data switching. The following cases may occur and
the master supervisor module is selected accordingly:



If only one supervisor module is inserted during device startup, the device selects this supervisor module as the master
supervisor module regardless of whether it is inserted into the M1 slot or M2 slot.



If two supervisor modules are inserted during device startup, by default, the supervisor module in the M1 slot is selected as the
master supervisor module and the supervisor module in the M2 slot is selected as the slave supervisor module to serve as a
backup, and relevant prompts are output.



If one supervisor module is inserted during device startup and another supervisor module is inserted during device running, the
supervisor module that is inserted later is used as the slave supervisor module to serve as a backup regardless of whether it is
inserted into the M1 slot or M2 slot, and relevant prompts are output.



Assume that two supervisor modules are inserted during device startup and one supervisor module is removed during device
running (or one supervisor module malfunctions). If the removed supervisor module is the slave supervisor module prior to
removal (or failure), only a prompt is displayed after removal (or malfunction), indicating that the slave supervisor module is
removed (or fails to run). If the removed supervisor module is the master supervisor module prior to removal (or failure), the
other supervisor module becomes the master supervisor module and relevant prompts are output.



Manually Selecting the Master and Slave Supervisor Modules

Users can manually make configuration to select the master and slave supervisor modules, which are selected based on the
environment as follows:
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In standalone mode, users can manually perform master/slave switching. The supervisor modules take effect after reset.

Related Configuration



Manually Performing Master/Slave Switching



By default, the device can automatically select the master supervisor module.



In the standalone modes, users can run the redundancy forceswitch command to perform manual switching.

16.3.2 Information Synchronization of Supervisor Modules

Working Principle



Status synchronization

The master supervisor module synchronizes its running status to the slave supervisor module in real time so that the slave supervisor
module can take over the functions of the master supervisor module at any time, without causing any perceivable changes.



Configuration synchronization

There are two system configuration files during device running: running-config and startup-config. running-config is a system
configuration file dynamically generated during running and changes with the service configuration. startup-config is a system
configuration file imported during device startup. You can run the write command to write running-config into startup-config or run
the copy command to perform the copy operation.
For some functions that are not directly related to non-stop forwarding, the synchronization of system configuration files can ensure
consistent user configuration during switching.
Inthe caseof redundancy of dual supervisor modules, the master supervisor moduleperiodically synchronizes the startup-configand
running-config files to the slave supervisor module and all candidate supervisor modules. The configuration synchronization is also
triggered in the following operations:
1.

The running-config file is synchronized when the device switches from the global configuration mode to privileged EXEC mode.

2.

The startup-config file is synchronized when the write or copy command is executed to save the configuration.

3.

Information configured over the Simple Network Management Protocol (SNMP) is not automatically synchronized and the
synchronization of the running-config file needs to be triggered by running commands on the CLI.

Related Configuration



By default, the startup-config and running-config files are automatically synchronized once per hour.



Run the auto-sync time-period command to adjust the interval for the master supervisor module to synchronize configuration
files.

16.4 Configuration
Configuration
Configuring

Description and Command
Manual

Master/Slave Switching

Configuring

www.fs.com
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Automatic

Optional.
show redundancy states

Displays the hot backup status.

redundancy forceswitch

Manually performs master/slave switching.

Optional.
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Synchronization Interval

redundancy

Enters the redundancy configuration mode.
Configures the automatic synchronization interval of

auto-sync time-period

configuration files in the case of redundancy of dual
supervisor modules.

Optional.
Resetting Supervisor Modules
redundancy reload

Resets the slave supervisor module or resets both the
master and slave supervisor modules at the same time.

16.4.1 Configuring Manual Master/Slave Switching

Configuration Effect
The original master supervisor module is reset and the slave supervisor module becomes the new master supervisor module.
If there are more than two supervisor modules in the system, the original slave supervisor module becomes the master supervisor
module, one supervisor module is elected out of candidate supervisor modules to serve as the new slave supervisor module, and the
original master supervisor module becomes a candidate supervisor module after reset.
Notes
To ensure that data forwarding is not affected during switching, batch synchronization needs to be first performed between the
master and slave supervisor modules so that the two supervisor modules are in the same state. That is, manual switching can be
performed only when the redundancy of supervisor modules is in the real-time backup state. In addition, to ensure synchronization
completeness of configuration files, service modules temporarily forbid manual master/slave switching during synchronization.
Therefore, the following conditions need to be met simultaneously for manual switching:



Manual master/slave switching is performed on the master supervisor module and a slave supervisor module is available.



All virtual switching devices (VSDs) in the system are in the real-time hot backup state.



The hot-backup switching of all VSDs in the system is not temporarily forbidden by service modules.

If devices are virtualized as multiple VSDs, manual switching can be successfully performed only when the supervisor modules of all
the VSDs are in the real-time backup state.
Configuration Steps



Optional.



Make the configuration on the master supervisor module.

Verification
Run the show redundancy states command to check whether the master and slave supervisor modules are switched.
Related Commands

 Checking the Hot Backup Status
Command

show redundancy states

Parameter

N/A

Description
Command
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Mode
Usage Guide



N/A

Manually Performing Master/Slave Switching

Command

redundancy forceswitch

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

N/A

Configuration Example



Manually Performing Master/Slave Switching

Configuration

In the VSD environment where the name of one VSD is staff, perform master/slave switching.

Steps
FS> enable
FS# show redundancy states
Redundancy role: master
Redundancy state: realtime
Auto-sync time-period: 3600 s

VSD staff redundancy state: realtime
FS# redundancy forceswitch
This operation will reload the master unit and force switchover to the slave unit. Are you sure to continue? [N/y] y
Verification

On the original slave supervisor module, run the show redundancy states command to check the redundancy
status.
FS# show redundancy states
Redundancy role: master
Redundancy state: realtime
Auto-sync time-period: 3600 s

VSD staff redundancy state: realtime

16.4.2 Configuring the Automatic Synchronization Interval

Configuration Effect
Change the automatic synchronization interval of the startup-config and running-config files. If the automatic synchronization
interval is set to a smaller value, changed configuration is frequently synchronized to other supervisor modules, preventing the
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configuration loss incurred when services and data are forcibly switched to the slave supervisor module when the master supervisor
module malfunctions.
Configuration Steps



Optional. Make the configuration when the synchronization interval needs to be changed.



Make the configuration on the master supervisor module.

Verification



View the output syslogs to check whether timed synchronization is performed.

Related Commands



Entering the Redundancy Configuration Mode

Command

redundancy

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Automatic Synchronization Interval of Configuration Files

Command

Auto-sync time-period value

Parameter

time-periodvalue: Indicates the automatic synchronization interval, withthe unit of seconds.The value ranges from

Description

1 second to 1 month (2,678,400 seconds).

Command

Redundancy configuration mode

Mode
Usage Guide

Configure the automatic synchronization interval of the startup-config and running-config files in the case of
redundancy of dual supervisor modules.

Configuration Example



Configuring the Automatic Synchronization Interval

Configuration

In redundancy configuration mode of the master supervisor module, configure the automatic synchronization

Steps

interval to 60 seconds.
FS(config)# redundancy
FS(config-red)# auto-sync time-period 60
Redundancy auto-sync time-period: enabled (60 seconds).
FS(config-red)# exit

Verification

Run the show redundancy states command to check the configuration.
FS# show redundancy states
Redundancy role: master
Redundancy state: realtime
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Auto-sync time-period: 3600 s

16.4.3 Resetting SupervisorModules

Configuration Effect
Resetting only the slave supervisor module does not affect data forwarding, and the forwarding is not interrupted or user session
information is not lost during reset of the slave supervisor module.
In standalone mode, running the redundancy reload shelf command will cause simultaneous reset of all supervisor modules and
line cards in the chassis.
Notes
N/A
Configuration Steps



Optional. Perform the reset when the supervisor modules or device runs abnormally.

Related Commands
Command
Parameter
Description
Command

redundancy reload {peer | shelf [switchid]}
peer: Only resets the slave supervisor module.
shelf [switchid]: Indicates that the master and slave supervisor modules are set in standalone mode.
Privileged EXEC mode

Mode
Usage Guide

In standalone mode, the device reset command is redundancy reload shelf, that is, the entire device is reset.

Configuration Example

16.5 Monitoring
Displaying
Description
Displays the current

Command
redundancy status of dual

show redundancy states

supervisor modules.

17 Configuring Syslog
17.1 Overview
Status changes (such as link up and down) or abnormal events may occur anytime. FS products provide the syslog mechanism to
automatically generate messages (log packets) in fixed format upon status changes or occurrence of events. These messages are
displayed on the related windows such as the Console or monitoring terminal, recorded on media such as the memory buffer or log
files, or sent to a group of log servers on the network so that the administrator can analyze network performance and identify faults
based on these log packets. Log packets can be added with the timestamps and sequence numbers and classified by severity level so
that the administrator can conveniently read and manage log packets.
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Protocols and Standards



RFC3164: The BSD syslog Protocol

17.2 Applications
Application

Description

Sending Syslogs to the Console

Monitor syslogs through the Console.

Sending Syslogs to the Log Server

Monitor syslogs through the server.

17.2.1 Sending Syslogs to theConsole

Scenario
Send syslogs to the Console to facilitate the administrator to monitor the performance of the system. The requirements are as follows:
1.

Send logs of Level 6 or higher to the Console.

2.

Send logs of only the ARP and IP modules to the Console.

Figure13-1showsthe networktopology.
Figure 13- 1 Network topology

Deployment
Configure the device as follows:
1.

Set the level of logs that can be sent to the Console to informational (Level 6).

2.

Set the filtering direction of logs to terminal.

3.

Set log filtering mode of logs to contains-only.

4.

Set the filtering rule of logs to single-match. The module name contains only ARP or IP.

17.2.2 Sending Syslogs to the Log Server

Scenario
Send syslogs to the log server to facilitate the administrator to monitor the logs of devices on the server. The requirements are as
follows:
1.

Send syslogs to the log server 10.1.1.1.

2.

Send logs of Level 7 or higher to the log server.

3.

Send syslogs from the source interface Loopback 0 to the log server.

Figure13-2showsthe networktopology.
Figure 13- 2 Network topology
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Deployment
Configure the device as follows:
1.

Set the IPv4 address of the server to 10.1.1.1.

2.

Set the level of logs that can be sent to the log server to debugging (Level 7).

3.

Set the source interface of logs sent to the log server to Loopback 0.

17.3 Features
Basic Concepts



Classification of Syslogs

Syslogs can be classified into two types:



Log type



Debug type



Levels of Syslogs

Eight severity levels of syslogs are defined in descending order, including emeFSency, alert, critical, error, warning, notification,
informational,and debugging.Theselevels correspond toeight numerical values from0 to 7. Asmallervalue indicatesa higher level.
Only logs with a level equaling to or higher than the specified level can be output. For example, if the level of logs is set to
informational (Level 6), logs of Level 6 or higher will be output.
The following table describes the log levels.
Level

Numerical Value

Description

emeFSencies

0

Indicates that the system cannot run normally.

alerts

1

Indicates that the measures must be taken immediately.

critical

2

Indicates a critical condition.

errors

3

Indicates an error.

warnings

4

Indicates a warning.

notifications

5

Indicates a notification message that requires attention.

informational

6

Indicates an informational message.

debugging

7

Indicates a debugging message.



Output Direction of Syslogs

Output directions of syslogs include Console, monitor, server, buffer, and file. The default level and type of logs vary with the output
direction. You can customize filtering rules for different output directions.
The following table describes output directions of syslogs.
Output Direction
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Console

Console

Debugging (Level 7)

Logs and debugging information are output.

monitor

Monitoring terminal

Debugging (Level 7)

Logs and debugging information are output.

server

Log server

Informational (Level 6)

Logs and debugging information are output.

buffer

Log buffer

Debugging (Level 7)

Logs and debugging information are output. The

file

Log file



log buffer is used to store syslogs.
Informational (Level 6)

Logs and debugging information are output. Logs
in the log buffer are periodically written into files.

RFC3164 Log Format

Formats of syslogs may vary with the syslog output direction.



If the output direction is the Console, monitor, buffer, or file, the syslog format is as follows:

seq no: *timestamp: sysname %module-level-mnemonic: content
For example, if youexit configuration mode,the following log isdisplayed on theConsole:
001233: *May 22 09:44:36: FS %SYS-5-CONFIG_I: Configured from console by console



If the output direction is the log server, the syslog format is as follows:

<priority>seq no: *timestamp: sysname %module-level-mnemonic: content
For example, if you exit configuration mode, the following log is displayed on the log server:
<189>001233: *May 22 09:44:36: FS %SYS-5-CONFIG_I: Configured from console by console
The following describes each field in the log in details:
1.

Priority

This field is valid only when logs are sent to the log server.
The priority is calculated using the following formula: Facility x 8 + Level Level indicates the numerical code of the log level and
Facility indicates the numerical code of the facility. The default facility value is local7 (23). The following table lists the value range of
the facility.
Numerical Code

Facility Keyword

Facility Description

0

kern

kernel messages

1

user

user-level messages

2

mail

mail system

3

daemon

system daemons

4

auth1

security/authorization messages

5

syslog

messages generated internally by syslogs

6

lpr

line printer subsystem

7

news

network news subsystem

8

uucp

UUCP subsystem

9

clock1

clock daemon

10

auth2

security/authorization messages

11

ftp

FTP daemon

12

ntp

NTP subsystem

13

logaudit

log audit

14

logalert

log alert
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Numerical Code

Facility Keyword

Facility Description

15

clock2

clock daemon

16

local0

local use 0 (local0)

17

local1

local use 1 (local1)

18

local2

local use 2 (local2)

19

local3

local use 3 (local3)

20

local4

local use 4 (local4)

21

local5

local use 5 (local5)

22

local6

local use 6 (local6)

23

local7

local use 7 (local7)

2.

Sequence Number

The sequence number of a syslog is a 6-digit integer, and increases sequentially. By default, the sequence number is not displayed.
You can run a command to display or hide this field.
3.

Timestamp

The timestamp records the time when a syslog is generated so that you can display and check the system event conveniently. FS
devices support two syslog timestamp formats: datetime and uptime.
If the device does not have the real time clock (RTC), which is used to record the system absolute time, the device uses its
startup time (uptime) as the syslog timestamp by default. If the device has the RTC, the device uses its absolute time (datetime)
as the syslog timestamp by default.
The two timestamp formats are described as follows:



Datetime format

The datetime format is as follows:
Mmm dd yyyy hh:mm:ss.msec
The following table describes each parameter of the datetime.
Timestamp Parameter

Parameter Name

Description
Mmm refers to abbreviation of the current month. The 12 months in

Mmm

Month

a year are written as Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct,
Nov, and Dec.

dd

Day

dd indicates the current date.

yyyy

Year

yyyy indicates the current year, and is not displayed by default.

hh

Hour

hh indicates the current hour.

mm

Minute

mm indicates the current minute.

ss

Second

ss indicates the current second.

msec

Millisecond

msec indicates the current millisecond.

By default, the datetime timestamp displayed in the syslog does not contain the year and millisecond. You can run a command to
display or hide the year and millisecond of the datetime timestamp.



Uptime format

The uptime format is as follows:
dd:hh:mm:ss
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The timestamp string indicates the accumulated days, hours, minutes, and seconds since the system is started.
1.

Sysname

This field indicates the name of the device that generates the log so that the log server can identify the host that sends the log. By
default, this field is not displayed. You can run a command to display or hide this field.
2.

Module

This field indicates the name of the module that generates the log. The module name is an upper-case string of 2 to 20 characters,
which contain upper-case letters, digits, or underscores. The module field is mandatory in the log-type information, and optional in
the debug-type information.
3.

Level

Eight syslog levels from 0 to 7 are defined. The level of syslogs generated by each module is fixed and cannot be modified.
4.

Mnemonic

This field indicates the brief information about the log. The mnemonic is an upper-case string of 4 to 32 characters, which may include
upper-case letters, digits, or underscore. The mnemonic field is mandatory in the log-type information, and optional in the
debug-type information.
5.

Content

This field indicates the detailed content of the syslog.
Overview
Feature

Description

Logging

Enable or disable the system logging functions.

Syslog Format

Configure the syslog format.

Logging Direction

Configure the parameters to send syslogs in different directions.

Syslog Filtering

Configure parameters of the syslog filtering function.

Featured Logging

Configure parameters of the featured logging function.

Syslog Monitoring

Configure parameters of the syslog monitoring function.

17.3.1 Logging

Enable or disable the logging, log redirection, and log statistics functions.
Related Configuration

 Enable Logging
By default, logging is enabled.
Run the logging on command to enable logging in global configuration mode. After logging is enabled, logs generated by the
system are sent in various directions for the administrator to monitor the performance of the system.

 Enabling Log Redirection
By default, log redirection is enabled on the Virtual Switching Unit (VSU).
Run the logging rd on command to enable log redirection in global configuration mode. After log redirection is enabled, logs
generated by the standby device or standby supervisor module are redirected to the active device or active supervisor module on the
VSU to facilitate the administrator to manage logs.
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Enabling Log Statistics

By default, log statistics is disabled.
Run the logging count command to enable log statistics in global configuration mode. After log statistics is enabled, the system
records the number of times a log is generated and the last time when the log is generated.
17.3.2 Syslog Format

Configure the syslog format, including the RFC5424 log format, timestamp format, sysname, and sequence number.
Related Configuration



Configuring the Timestamp Format

By default, the syslog uses the datetime timestamp format, and the timestamp does not contain the year and millisecond.
Run the service timestamps command in global configuration mode to use the datetime timestamp format that contains the year
and millisecond in the syslog, or change the datetime format to the uptime format.



Adding Sysname to the Syslog

By default, the syslog does not contain sysname.
Run the service sysname command in global configuration mode to add sysname to the syslog.



Adding the Sequence Number to the Syslog

By default, the syslog does not contain the sequence number.
Run the service sequence-numbers command in global configuration mode to add the sequence number to the syslog.



Enabling the Standard Log Format

By default, logs are displayed in the following format:
*timestamp: %module-level-mnemonic: content
Run the service standard-syslog command in global configuration mode to enable the standard log format and logs are displayed in
the following format:
timestamp %module-level-mnemonic: content
Compared with the default log format, an asterisk (*) is missing in front of the timestamp, and a colon (:) is missing at the end of the
timestamp in the standard log format.



Enabling the Private Log Format

By default, logs are displayed in the following format:
*timestamp: %module-level-mnemonic: content
Run the service private-syslog command in global configuration mode to enable the private log format and logs are displayed in the
following format:
timestamp module-level-mnemonic: content
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Compared with the default log format, an asterisk (*) is missing in front of the timestamp, a colon (:) is missing at the end of the
timestamp, and a percent sign (%) is missing at the end of the module name in the private log format.
17.3.3 Logging Direction

Configure parameters for sending syslogs in different directions, including the Console, monitor terminal, buffer, the log server, and
log files.
Related Configuration



Synchronizing User Input with Log Output

By default, this function is disabled.
Run the logging synchronous command in line configuration mode to synchronize user input with log output. After this function is
enabled, user input will not be interrupted.



Configuring the Log Rate Limit

By default, no log rate limit is configured.
Run the logging rate-limit { number | all number | console {number | all number } } [ except [ severity ] ] command in global
configuration mode to configure the log rate limit.



Configuring the Log Redirection Rate Limit

By default, a maximum of 200 logs are redirected from the standby device to the active device of VSU per second.
Run the logging rd rate-limit number [ except severity ] command in global configuration mode to configure the log redirection rate
limit, that is, the maximum number of logs that are redirected from the standby device to the active device or from the standby
supervisor module to the active supervisor module per second.



Configuring the Level of Logs Sent to the Console

By default, the level of logs sent to the Console is debugging (Level 7).
Run the logging console [ level ] command in global configuration mode to configure the level of logs that can be sent to the
Console.



Sending Logs to the Monitor Terminal

By default, it is not allowed to send logs to the monitor terminal.
Run the terminal monitor command in the privileged EXEC mode to send logs to the monitor terminal.



Configuring the Level of Logs Sent to the Monitor Terminal

By default, the level of logs sent to the monitor terminal is debugging (Level 7).
Run the logging monitor [ level ] command in global configuration mode to configure the level of logs that can be sent to the
monitor terminal.



Writing Logs into the Memory Buffer

By default, logs are written into the memory buffer, and the default level of logs is debugging (Level 7).
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Run the logging buffered [ buffer-size ] [ level ] command in global configuration mode to configure parameters for writing logs into
the memory buffer, including the buffer size and log level.



Sending Logs to the Log Server

By default, logs are not sent to the log server.
Run the logging server [ oob ] { ip-address | ipv6 ipv6-address } [ via mgmt-name ] [ udp-port port ]command in global configuration
mode to send logs to a specified log server.
Run the logging server [ oob ] hostname [ via mgmt-name ] [ udp-port port ] command in global configuration mode to send logs to
a specified log server by configuring the hostname.



Configuring the Level of Logs Sent to the Log Server

By default, the level of logs sent to the log server is informational (Level 6).
Run the logging trap [ level ] command in global configuration mode to configure the level of logs that can be sent to the log server.



Configuring the Facility Value of Logs Sent to the Log Server

Run the logging facility facility-type command in global configuration mode to configure the facility value of logs sent to the log
server.



Configuring the Source Address of Logs Sent to the Log Server

By default, the source address of logs sent to the log server is the IP address of the interface sending logs.
Run the loggingsource [ interface ]interface-typeinterface-number command to configurethe source interfaceof logs. Ifthis source
interface is not configured, or the IP address is not configured for this source interface, the source address of logs is the IP address of
the interface sending logs.
Run the logging source { ip ip-address | ipv6 ipv6-address } command to configure the source IP address of logs. If this IP address is
not configured on the device, the source address of logs is the IP address of the interface sending logs.



Writing Logs into Log Files

By default, logs are not written into log files. After the function of writing logs into log files is enabled, the level of logs written into log
files is informational (Level 6) by default.
Run the logging file {flash:filename | usb0:filename | usb1:filename } [ max-file-size ] [ level ] command in global configuration mode
to configure parameters for writing logs into log files, including the type of device where the file is stored, file name, file size, and log
level.



Configuring the Number of Log Files

By default, the number of log files is 16.
Run the logging file numbers numbers command in global configuration mode to configure the number of log files.



Configuring the Interval at Which Logs Are Written into Log Files

By default, logs are written into log files at the interval of 3600s (one hour).
Run the logging flash interval seconds command in global configuration mode to configure the interval at which logs are written
into log files.
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Configuring the Storage Time of Log Files

By default, the storage time is not configured.
Run the logging life-time level level days command in global configuration mode to configure the storage time of logs. The
administrator can specify different storage days for logs of different levels.



Immediately Writing Logs in the Buffer into Log Files

By default, syslogs are stored in the syslog buffer and then written into log files periodically or when the buffer is full.
Run the logging flash flush command in global configuration mode to immediately write logs in the buffer into log files so that you
can collect logs conveniently.
17.3.4 Syslog Filtering

By default, logs generated by the system are sent in all directions.
Working Principle



Filtering Direction

Five log filtering directions are defined:



buffer: Filters out logs sent to the log buffer, that is, logs displayed by the show logging command.



file: Filters out logs written into log files.



server: Filters out logs sent to the log server.



terminal: Filters out logs sent to the Console and monitor terminal (including Telnet and SSH).

The four filtering directions can be used either in combinations to filter out logs sent in various directions, or separately to filter out
logs sent in a single direction.



Filtering Mode

Two filtering modes are available:



contains-only: Indicates that only logs that contain keywords specified in the filtering rules are output. You may be interested
in only a specified type of logs. In this case, you can apply the contains-only mode on the device to display only logs that match
filtering rules on the terminal, helping you check whether any event occurs.



filter-only: Indicates that logs that contain keywords specified in the filtering rules are filtered out and will not be output. If a
module generates too many logs, spamming may occur on the terminal interface. If you do not care about this type of logs, you
can apply the filter-only mode and configure related filtering rules to filter out logs that may cause spamming.

The two filtering modes are mutually exclusive, that is, you can configure only one filtering mode at a time.



Filter Rule

Two filtering rules are available:



exact-match: If exact-match is selected, you must select all the three filtering options (module, level, and mnemonic). If you
want to filter out a specified log, use the exact-match filtering rule.



single-match: If exact-match is selected, you only need to select one of the three filtering options (module, level, and
mnemonic). If you want to filter out a specified type of logs, use the single-match filtering rule.
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If the same module, level, or mnemonic is configured in both the single-match and exact-match rules, the single-match rule prevails
over the exact-match rule.
Related Configuration



Configuring the Log Filtering Direction

By default, the log filtering direction is all, that is, logs sent in all directions are filtered.
Run the logging filter direction { all | buffer | file | server | terminal } command in global configuration mode to configure the log
filtering direction to filter out logs in the specified directions.



Configuring the Log Filtering Mode

By default, the log filtering mode is filter-only.
Run the logging filter type { contains-only | filter-only } command in global configuration mode to configure the log filtering mode.



Configuring the Log Filtering Rule

By default, no log filtering rule is configured on a device, that is, logs are not filtered out.
Run the logging filter rule exact-match module module-name mnemonic mnemonic-name level level command in global
configuration mode to configure the exact-match rule.
Run the logging filter rule single-match { level level | mnemonic mnemonic-name | module module-name } command in global
configuration mode to configure the single-match rule.
17.3.5 Syslog Monitoring

After syslog monitoring is enabled, the system monitors the access attempts of users and generates the related logs.
Working Principle
After logging of login/exit attempts is enabled, the system records the access attempts of users. The log contains user name and
source address.
After logging of operations is enabled, the system records changes in device configurations, The log contains user name, source
address, and operation.
Related Configuration



Enabling Logging of Login or Exit Attempts

By default, a device does not generate logs when users access or exit the device.
Run the logging userinfo command in global configuration mode to enable logging of login/exit attempts. After this function is
enabled, the device displays logs when users access the devices through Telnet, SSH, or HTTP so that the administrator can monitor
the device connections.



Enabling Logging of Operations

By default, a device does not generate logs when users modify device configurations.
Run the logging userinfo command-log command in global configuration mode to enable logging of operations. After this function
is enabled, the system displays related logs to notify the administrator of configuration changes.
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17.4 Configuration
Configuration

Description and Command
(Optional) It is used to configure the syslog format.
service timestamps [ message-type [ uptime|
datetime [ msec ] [ year ] ] ]

Configuring Syslog Format

Configures the timestamp format of syslogs.

service sysname

Adds the sysname to the syslog.

service sequence-numbers

Adds the sequence number to the syslog.

service standard-syslog

Enables the standard syslog format.

service private-syslog

Enables the private syslog format.

(Optional) It is used to configure parameters for sending syslogs to the Console.

Sending Syslogs totheConsole

logging on

Enables logging.

logging count

Enables log statistics.

logging console [ level ]

Configures the level of logs displayed on the
Console.

logging rate-limit { number | all number |
console {number | all number } } [ except

Configures the log rate limit.

[ severity ] ]
(Optional) It is used to configure parameters for sending syslogs to the monitor terminal.
Sending Syslogs to the Monitor
Terminal

terminal monitor
logging monitor [ level ]

Enables the monitor terminal to display logs.
Configures the level of logs displayed on the
monitor terminal.

(Optional) It is used to configure parameters for writing syslogs into the memory buffer.
Writing

Syslogs

into

the

Memory Buffer

Configures parameters for writing syslogs into
logging buffered [ buffer-size ] [ level ]

the memory buffer, including the buffer size
and log level.

(Optional) It is used to configure parameters for sending syslogs to the log server.
logging server [ oob ] { ip-address | ipv6
ipv6-address } [ via mgmt-name ] [ udp-port
port ]

Sends logs to a specified log server.

logging server [ oob ] hostname [ via
Sending Syslogs to the Log

mgmt-name ] [ udp-port port ]

Server

logging trap [ level ]
logging facility facility-type

Writing Syslogs into Log Files

www.fs.com

Configures the level of logs sent to the log server.
Configures the facility value of logs sent to the
log server.

logging source [ interface ] interface-type

Configures the source interface of logs sent to

interface-number

the log server.

logging source { ip ip-address | ipv6

Configures the source address of logs sent to the

ipv6-address }

log server.

(Optional) It is used to configure parameters for writing syslogs into a file.
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Configuration

Description and Command
logging file { flash:filename | usb0:filename |
usb1:filename } [ max-file-size ] [ level ]

Configures parameters for writing syslogs into a
file, including the file storage type, file name, file
size, and log level.

logging file numbers numbers

Configures the number of files which logs are
written into. The default value is 16.
Configures the interval at which logs are written

logging flash interval seconds

into log files. The default value is 3600.

logging life-time level level days

Configures the storage time of log files.

(Optional) It is used to enable the syslog filtering function.
logging filter direction { all | buffer | file |

Configures the log filtering direction.

server | terminal }
logging
Configuring Syslog Filtering

filter

type

{

contains-only

|

filter-only }
logging filter rule exact-match

Configures the log filtering mode.

module

module-name mnemonic mnemonic-name level

Configures the exact-match filtering rule.

level
logging filter rule single-match { level level |
mnemonic

mnemonic-name

|

module

Configures the single-match filtering rule.

module-name }
Configuring

(Optional) It is used to enable the log redirection function.

Syslog

Redirection

logging rd on

Enables the log redirection function.

logging rd rate-limit number [ except severity ]

Configures the log redirection rate limit.

(Optional) It is used to configure parameters of the syslog monitoring function .
Configuring Syslog Monitoring

logging userinfo

Enables logging of login/exit attempts.

logging userinfo command-log

Enables logging of operations.

Synchronizing User Input with
Log Output

(Optional) It is used to synchronize the user input with log output.
logging synchronous

Synchronizes user input with log output.

17.4.1 Configuring Syslog Format

Configuration Effect



Configure the format of syslogs.

Notes



RFC3164 Log Format



If the device does not have the real time clock (RTC), which is used to record the system absolute time, the device uses its
startup time (uptime) as the syslog timestamp by default. If the device has the RTC, the device uses its absolute time (datetime)
as the syslog timestamp by default.



The log sequence number is a 6-digit integer. Each time a log is generated, the sequence number increases by one. Each time
thesequencenumber increasesfrom000000 to1,000,000, or reaches2^32, thesequencenumber startsfrom000000 again.
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Configuration Steps



Configuring the Timestamp Format of Syslogs



(Optional) By default, the datetime timestamp format is used.



Unless otherwise specified, perform this configuration on the device to configure the timestamp format.



Adding the Sysname to the Syslog



(Optional) By default, the syslog does not contain the sysname.



Unless otherwise specified, perform this configuration on the device to add the sysname to the syslog.



Adding the Sequence Number to the Syslog



(Optional) By default, the syslog does not contain the sequence number.



Unless otherwise specified, perform this configuration on the device to add the sequence number to the syslog.



Enabling the Standard Log Format



(Optional) By default, the default log format is used.



Unless otherwise specified, perform this configuration on the device to enable the standard log format.



Enabling the Private Log Format



(Optional) By default, the default log format is used.



Unless otherwise specified, perform this configuration on the device to enable the private log format.

Verification



Generate a syslog, and check the log format.

Related Commands



Configuring the Timestamp Format of Syslogs

Command

service timestamps [ message-type [ uptime | datetime [ msec ] [ year ] ] ]

Parameter

message-type: Indicates the log type. There are two log types: log and debug.

Description

uptime: Indicates the device startup time in the format of dd:hh:mm:ss, for example, 07:00:10:41.
datetime:IndicatesthecurrentdevicetimeintheformatofMMDDhh:mm:ss,forexample,Jul2716:53:07.
msec: Indicates that the current device time contains millisecond.
year: Indicates that the current device time contains year.

Command

Global configuration mode

Mode
Configuration

Two syslog timestamp formats are available, namely, uptime and datetime. You can select a timestamp format as

Usage

required.



Adding the Sysname to the Syslog

Command

service sysname

Parameter

N/A

Description
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Command

Global configuration mode

Mode
Configuration

This command is used to add the sysname to the log to enable you to learn about the device that sends syslogs to

Usage

the server.



Adding the Sequence Number to the Syslog

Command

service sequence-numbers

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

This command is used to add the sequence number to the log. The sequence number starts from 1. After the

Usage

sequence number is added, you can learn clearly whether any log is lost and the generation sequence of logs.



Enabling the Standard Syslog Format

Command

service standard-syslog

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, logs are displayed in the following format (default format):

Usage

*timestamp: %module-level-mnemonic: content
If the standard syslog format is enabled, logs are displayed in the following format:
timestamp %module-level-mnemonic: content
Compared with the default format, an asterisk (*) is missing in front of the timestamp, and a colon (:) is missing at the
end of the timestamp in the standard log format.



Enabling the Private Syslog Format

Command

service private-syslog

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, logs are displayed in the following format (default format):

Usage

*timestamp: %module-level-mnemonic: content
If the private syslog format is enabled, logs are displayed in the following format:
timestamp module-level-mnemonic: content
Compared with the default format, an asterisk (*) is missing in front of the timestamp, a colon (:) is missing at the end
of the timestamp, and a percent sign (%) is missing in front of the module name in the private log format.

Configuration Example



Enabling the RFC3164 Log Format
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Scenario

It is required to configure the timestamp format as follows:
1. Enable the RFC3164format.
2. Change the timestamp format to datetime and add the millisecond and year to the timestamp.
3. Add the sysname to the log.
4. Add the sequence number to the log.

Configuration



Configure the syslog format.

Steps
FS# configure terminal
FS(config)#servicetimestamps logdatetime yearmsec
FS(config)# service timestamps debug datetime year msec
FS(config)# servicesysname
FS(config)# service sequence-numbers

Verification

After the timestamp format is configured, verify that new syslogs are displayed in the RFC3164 format.



Run the show logging config command to display the configuration.



Enter or exit global configuration mode to generate a new log, and check the format of the timestamp in the
new log.

FS(config)#exit
001302:*Jun14 2013 19:01:40.293: FS%SYS-5-CONFIG_I:Configured from console byadmin on console
FS#show logging config
Syslog logging: enabled
Console logging: level informational, 1306 messages logged
Monitor logging: level informational, 0 messages logged
Bufferlogging: level informational,1306messageslogged
File logging: level informational, 121 messages logged
File name:syslog_test.txt, size 128 Kbytes, have written 5 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level informational, 121 message lines logged,0 fail

17.4.2 Sending Syslogs to theConsole

Configuration Effect
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Send syslogs to the Console to facilitate the administrator to monitor the performance of the system.

Notes



If too many syslogs are generated, you can limit the log rate to reduce the number of logs displayed on the Console.

Configuration Steps



Enabling Logging



(Optional) By default, the logging function is enabled.



Enabling Log Statistics



(Optional) By default, log statistics is disabled.



Unless otherwise specified, perform this configuration on the device to enable log statistics.



Configuring the Level of Logs Displayed on the Console



(Optional) By default, the level of logs displayed on the Console is debugging (Level 7).



Unless otherwise specified, perform this configuration on the device to configure the level of logs displayed on the Console.



Configuring the Log Rate Limit



(Optional) By default, the no rate limit is configured.



Unless otherwise specified, perform this configuration on the device to limit the log rate.

Verification



Run the show logging config command to display the level of logs displayed on the Console.

Related Commands



Enabling Logging

Command

logging on

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, logging is enabled. Do not disable logging in general cases. If too many syslogs are generated, you can

Usage

configure log levels to reduce the number of logs.



Enabling Log Statistics

Command

logging count

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, log statistics is disabled. If log statistics is enabled, syslogs will be classified and counted. The system

Usage

records the number of times a log is generated and the last time when the log is generated.

www.fs.com

102

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring the Level of Logs Displayed on the Console

Command

logging console [ level ]

Parameter

level: Indicates the log level.

Description
Command

Global configuration mode

Mode
Configuration

By default, the level of logs displayed on the Console is debugging (Level 7). You can run the show logging config

Usage

command in privileged EXEC mode to display the level of logs displayed on the Console.



Configuring the Log Rate Limit

Command

logging rate-limit { number | all number | console {number | all number } } [ except [ severity ] ]

Parameter

number: Indicates the maximum number of logs processed per second. The value ranges from 1 to 10,000.

Description

all: Indicates that rate limit is applied to all logs ranging from Level 0 to Level 7.
console: Indicates the number of logs displayed on the Console per second.
except severity: Rate limit is not applied to logs with a level equaling to or lower than the specified severity level. By
default, the severity level is error (Level 3), that is, rate limit is not applied to logs of Level 3 or lower.

Command

Global configuration mode

Mode
Configuration

By default, no rate limit is configured.

Usage
Configuration Example



Sending Syslogs to the Console

Scenario

It is required to configure the function of displaying syslogs on the Console as follows:
1. Enable log statistics.
2. Set the level of logs that can be displayed on the Console to informational (Level 6).
3. Set the log rate limit to 50.

Configuration



Configure parameters for displaying syslogs on the Console.

Steps
FS# configure terminal
FS(config)# logging count
FS(config)# logging console informational
FS(config)# logging rate-limit console 50

Verification



Run the show logging config command to display the configuration.

FS(config)#show logging config
Syslog logging: enabled
Console logging: level informational, 1303 messages logged
Monitor logging: level debugging, 0 messages logged
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Scenario

It is required to configure the function of displaying syslogs on the Console as follows:
1. Enable log statistics.
2. Set the level of logs that can be displayed on the Console to informational (Level 6).
3. Set the log rate limit to 50.

Configuration



Configure parameters for displaying syslogs on the Console.

Steps
FS# configure terminal
FS(config)# logging count
FS(config)# logging console informational
FS(config)# logging rate-limit console 50

Verification



Run the show logging config command to display the configuration.

Buffer logging: level debugging, 1303 messages logged
Filelogging:levelinformational,118messageslogged
File name:syslog_test.txt, size 128 Kbytes, have written 5 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level informational, 118 message lines logged,0 fail

17.4.3 Sending Syslogs to the Monitor Terminal

Configuration Effect



Send syslogs to a remote monitor terminal to facilitate the administrator to monitor the performance of the system.

Notes



If too many syslogs are generated, you can limit the log rate to reduce the number of logs displayed on the monitor terminal.



By default, the current monitor terminal is not allowed to display logs after you access the device remotely. You need to
manually run the terminal monitor command to allow the current monitor terminal to display logs.

Configuration Steps



Allowing the Monitor Terminal to Display Logs



(Mandatory) By default, the monitor terminal is not allowed to display logs.



Unless otherwise specified, perform this operation on every monitor terminal connected to the device.
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Configuring the Level of Logs Displayed on the Monitor Terminal



(Optional) By default, the level of logs displayed on the monitor terminal is debugging (Level 7).



Unless otherwise specified, perform this configuration on the device to configure the level of logs displayed on the monitor
terminal.

Verification



Run the show logging config command to display the level of logs displayed on the monitor terminal.

Related Commands



Allowing the Monitor Terminal to Display Logs

Command

terminal monitor

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Configuration

By default, the current monitor terminal is not allowed to display logs after you access the device remotely. Youneed

Usage

to manually run the terminal monitor command to allow the current monitor terminal to display logs.



Configuring the Level of Logs Displayed on the Monitor Terminal

Command

logging monitor [ level ]

Parameter

level: Indicates the log level.

Description
Command

Global configuration mode

Mode
Configuration

By default, the level of logs displayed on the monitor terminal is debugging (Level 7).

Usage

You can run the show logging config command in privileged EXEC mode to display the level of logs displayed on
the monitor terminal.

Configuration Example



Sending Syslogs to the Monitor Terminal

Scenario

It is required to configure the function of displaying syslogs on the monitor terminal as follows:
1. Display logs on the monitor terminal.
2. Set the level of logs that can be displayed on the monitor terminal to informational (Level 6).

Configuration



Configure parameters for displaying syslogs on the monitor terminal.

Steps
FS# configureterminal
FS(config)# logging monitor informational
FS(config)# line vty 0 4
FS(config-line)# monitor
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Verification



Run the show logging config command to display the configuration.

FS#show logging config
Syslog logging: enabled
Console logging: level informational, 1304 messages logged
Monitor logging: level informational, 0 messages logged
Buffer logging: level debugging, 1304 messages logged
File logging: level informational, 119 messages logged
File name:syslog_test.txt, size 128 Kbytes, have written 5 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level informational, 119 message lines logged,0 fail
Common Errors



To disable this function, run the terminal no monitor command, instead of the no terminal monitor command.

17.4.4 Writing Syslogs into the Memory Buffer

Configuration Effect



Write syslogs into the memory buffer so that the administrator can view recent syslogs by running the show logging command.

Notes



If the buffer is full, old logs will be overwritten by new logs that are written into the memory buffer.

Configuration Steps



Writing Logs into the Memory Buffer



(Optional) By default, the system writes logs into the memory buffer, and the default level of logs is debugging (Level 7).



Unless otherwise specified, perform this configuration on the device to write logs into the memory buffer.

Verification



Run the show logging config command to display the level of logs written into the memory buffer.



Run the show logging command to display the level of logs written into the memory buffer.

Related Commands



Writing Logs into the Memory Buffer
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Command

logging buffered [ buffer-size ] [ level ]

Parameter

buffer-size: Indicates the size of the memory buffer.

Description

level: Indicates the level of logs that can be written into the memory buffer.

Command

Global configuration mode

Mode
Configuration

By default, the level of logs written into the memory buffer is debugging (Level 7).

Usage

Run the show logging command in privileged EXEC mode to display the level of logs written into the memory buffer
and the buffersize.

Configuration Example



Writing Syslogs into the Memory Buffer

Scenario

It is required to configure the function of writing syslogs into the memory buffer as follows:
1. Set the log buffer size to 128 KB (131,072 bytes).
2. Set the information level of logs that can be written into the memory buffer to informational (Level 6).

Configuration



Configure parameters for writing syslogs into the memory buffer.

Steps
FS# configure terminal
FS(config)# logging buffered 131072 informational

Verification



Run the show logging config command to display the configuration and recent syslogs.

FS#show logging
Syslog logging: enabled
Console logging: level informational, 1306 messages logged
Monitor logging: level informational, 0 messages logged
Bufferlogging: level informational,1306messageslogged
File logging: level informational, 121 messages logged
File name:syslog_test.txt, size 128 Kbytes, have written 5 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level informational, 121 message lines logged,0 fail
Log Buffer (Total 131072 Bytes): have written 4200
001301: *Jun 14 2013 19:01:09.488: FS %SYS-5-CONFIG_I: Configured from console by admin on console
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Scenario

It is required to configure the function of writing syslogs into the memory buffer as follows:
1. Set the log buffer size to 128 KB (131,072 bytes).
2. Set the information level of logs that can be written into the memory buffer to informational (Level 6).

Configuration



Configure parameters for writing syslogs into the memory buffer.

Steps
FS# configure terminal
FS(config)# logging buffered 131072 informational

Verification



Run the show logging config command to display the configuration and recent syslogs.

001302: *Jun 14 2013 19:01:40.293: FS %SYS-5-CONFIG_I: Configured from console by admin on console
//Logs displayed are subject to the actual output of the show logging command.

17.4.5 Sending Syslogs to the Log Server

Configuration Effect



Send syslogs to the log server to facilitate the administrator to monitor logs on the server.

Notes



If the device has a MGMT interface and is connected to the log server through the MGMT interface, you must add the oob
option (indicating that syslogs are sent to the log server through the MGMT interface) when configuring the logging server
command.



To send logs to the log server, you must add the timestamp and sequence number to logs. Otherwise, the logs are not sent to
the log server.

Configuration Steps



Sending Logs to a Specified Log Server



(Mandatory) By default, syslogs are not sent to any log server.



Unless otherwise specified, perform this configuration on every device.



Configuring the Level of Logs Sent to the Log Server



(Optional) By default, the level of logs sent to the log server is informational (Level 6).



Unless otherwise specified, perform this configuration on the device to configure the level of logs sent to the log server.



Configuring the Facility Value of Logs Sent to the Log Server



Unless otherwise specified, perform this configuration on the device to configure the facility value of logs sent to the log server.



Configuring the Source Interface of Logs Sent to the Log Server



(Optional) By default, the source interface of logs sent to the log server is the interface sending the logs.



Unless otherwise specified, perform this configuration on the device to configure the source interface of logs sent to the log
server.
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Configuring the Source Address of Logs Sent to the Log Server



(Optional) By default, the source address of logs sent to the log server is the IP address of the interface sending the logs.



Unless otherwise specified, perform this configuration on the device to configure the source address of logs sent to the log
server.

Verification



Run the show logging config command to display the configurations related to the log server.

Related Commands



Sending Logs to a Specified Log Server

Command

logging server [ oob ] { hostname | ip-address | ipv6 ipv6-address } [ via mgmt-name ] [ udp-port port ] [ vrf
vrf-name ] [ facility facility-type ] [ level level ]
Or logging { ip-address | ipv6 ipv6-address } [ udp-prot port ] [ vrf vrf-name ]

Parameter

oob: Indicates that logs are sent to the log server through the MGMT interface.

Description

hostname: Specifies the hostname of the host that receives log information.
ip-address: Specifies the IP address of the host that receives logs.
ipv6 ipv6-address: Specifies the IPv6 address of the host that receives logs.
via mgmt-name: Specifies the MGMT interface used by the log server when the oob option is included in the
command.
vrf vrf-name: Specifies the VPN routing and forwarding (VRF) instance connected to the log server.
udp-port port: Specifies the port ID of the log server. The default port ID is 514.
facility facility-type: If the RFC5424 log format is disabled, the facility value of logs sent to the log server is local7 (23)
by default. If the RFC5424 log format is enabled, the facility value of logs sent to the log server is local0 (16) by
default.
level level: Level of the logs allowed to be received by the host (Default level: informational).

Command

Global configuration mode

Mode
Configuration

This command isusedto specify theaddressof the log server that receives logs. Youcan specifymultiple logservers,

Usage

and logs will be sent simultaneously to all these log servers.
Youcanspecifyviaonly when oobis includedin thecommand.In thiscase,vrf cannot be used.
You cannot configure the server by running the logging hostname name.
You can configure up to five log servers on a FS product.



Configuring the Level of Logs Sent to the Log Server

Command

logging trap [ level ]

Parameter

level: Indicates the log level.

Description
Command

Global configuration mode

Mode
Configuration

By default, the level of logs sent to the log server is informational (Level 6).

Usage

Youcan run the show logging config command in privileged EXEC mode to display the level of logs sent to the log
server.
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If the device supports log level settings on the server, the sever settings will prevail.



Configuring the Facility Value of Logs Sent to the Log Server

Command

logging facility facility-type

Parameter

facility-type: Indicates the facility value of logs.

Description
Command

Global configuration mode

Mode
Configuration

N/A

Usage



Configuring the Source Interface of Logs Sent to the Log Server

Command

logging source [ interface ] interface-type interface-number

Parameter

interface-type: Indicates the interface type.

Description

interface-number: Indicates the interface number.

Command

Global configuration mode

Mode
Configuration

By default, the source interface of logs sent to the log server is the interface sending the logs.

Usage

Tofacilitate management, you can use this command to set the source interface of all logs to an interface so that the
administrator can identify the device that sends the logs based on the unique address.



Configuring the Source Address of Logs Sent to the Log Server

Command

logging source { ip ip-address | ipv6 ipv6-address }

Parameter

ip ip-address: Specifies the source IPv4 address of logs sent to the IPv4 log server.

Description

ipv6 ipv6-address: Specifies the source IPv6 address of logs sent to the IPv6 log server.

Command

Global configuration mode

Mode
Configuration

By default, the source IP address of logs sent to the log server is the IP address of the interface sending the logs.

Usage

To facilitate management, you can use this command to set the source IP address of all logs to the IP address of an
interface so that the administrator can identify the device that sends the logs based on the unique address..

Configuration Example



Sending Syslogs to the Log Server

Scenario

It is required to configure the function of sending syslogs to the log server as follows:
1. Set the IPv4 address of the log server to 10.1.1.100.
2. Set the level of logs that can be sent to the log server to debugging (Level 7).
3. Set the source interface to Loopback 0.

Configuration



Configure parameters for sending syslogs to the log server.

Steps
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FS# configure terminal
FS(config)# logging server 10.1.1.100
FS(config)# logging trap debugging
FS(config)# logging source interface Loopback 0

Verification



Run the show logging config command to display the configuration.

FS#show logging config
Syslog logging: enabled
Console logging: level informational, 1307 messages logged
Monitor logging: level informational, 0 messages logged
Bufferlogging: level informational,1307messageslogged
File logging: level informational, 122 messages logged
File name:syslog_test.txt, size 128 Kbytes, have written 5 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level debugging, 122 message lines logged,0 fail
logging to 10.1.1.100

17.4.6 Writing Syslogs into Log Files

Configuration Effect



Write syslogs into log files at the specified interval so that the administrator can view history logs anytime on the local device.

Notes



Sylsogs are not immediately written into log files. They are first buffered in the memory buffer, and then written into log files
either periodically (at the interval of one hour by default) or when the buffer is full.

Configuration Steps



Writing Logs into Log Files



(Mandatory) By default, syslogs are not written to any log file.



Unless otherwise specified, perform this configuration on every device.



Configuring the Number of Log Files
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(Optional) By default, syslogs are written to 16 log files.



Unless otherwise specified, perform this configuration on the device to configure the number of files which logs are
written into. Configuring the Interval at Which Logs Are Written into Log Files



(Optional) By default, syslogs are written to log files every hour.



Unless otherwise specified, perform this configuration on the device to configure the interval at which logs are written into log
files.



Configuring the Storage Time of Log Files



(Optional) By default, no storage time is configured.



Unless otherwise specified, perform this configuration on the device to configure the storage time of log files.



Immediately Writing Logs in the Buffer into Log Files



(Optional) By default, syslogs are stored in the buffer and then written into log files periodically or when the buffer is full.



Unless otherwise specified, perform this configuration to write logs in the buffer into log files immediately. This command takes
effect only once after it is configured.

Verification



Run the show logging config command to display the configurations related to the log server.

Related Commands



Writing Logs into Log Files

Command

logging file { flash:filename | usb0:filename | usb1:filename } [ max-file-size ] [ level ]

Parameter
Description

flash: Indicates that log files will be stored on the extended Flash.
usb0: Indicates that log files will be stored on USB 0. This option is supported only when the device has one USB port
and a USB flash drive is inserted into the USB port.
usb1: Indicates that log files will be stored on USB 1. This option is supported only when the device has two USB
ports and USB flash drives are inserted into the USB ports.
filename: Indicatesthe log file name, whichdoes not contain a filename extension. The filename extension is always
txt.
max-file-size: Indicates the maximum sizeof a log file.The value ranges from128 KB to6 MB.The defaultvalue is 128
KB.
level: Indicates the level of logs that can be written into a log file.

Command

Global configuration mode

Mode
Configuration

This command is used to create a log file with the specified file name on the specified file storage device. The file size

Usage

increases with the amount of logs, but cannot exceed the configured maximum size. If not specified, the maximum
size of a log file is 128 KB by default.
After this command is configured, the system saves logs to log files. A log file name does not contain any file name
extension. The file name extension is always txt, which cannot be changed.
After this command is configured, logs will be written into log files every hour. If you run the logging flie
flash:syslog command, a total of 16 log files will be created, namely, syslog.txt, syslog_1.txt, syslog_2.txt, …,
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syslog_14.txt, and syslog_15.txt. Logs are written into the 16 log files in sequence. For example, the system writes
logs into syslog_1.txt after syslog.txt is full. When syslog_15.txt is full, logs are written into syslog.txt again,



Configuring the Number of Log Files

Command

logging file numbers numbers

Parameter

numbers: Indicates the number of log files. The value ranges from 2 to 32.

Description
Command

Global configuration mode

Mode
Configuration

This command is used to configure the number of log files.

Usage

If the number of log files is modified, the system will not delete the log files that have been generated. Therefore, you
need to manually delete the existing log files to save the space of the extended flash. (Before deleting existing log
files, you can transfer these log files to an external server throughTFTP.)For example, after the function of writing
logs into log files is enabled, 16 log files will be created by default. If the device has generated 16 log files and you
change the number of log files to 2, new logs will be written into syslog.txt and syslog_1.txt by turns.The existing
log files from syslog_2.txt to syslog_15.txt will be preserved. You can manually delete these log files.



Configuring the Interval at Which Logs Are Written into Log Files

Command

logging flash interval seconds

Parameter

seconds: Indicates the interval at which logs are written into log files. The value ranges from 1s to 51,840s.

Description
Command

Global configuration mode

Mode
Configuration

This command is used to configure the interval at which logs are written into log files. The countdown starts after the

Usage

command is configured.



Configuring the Storage Time of Log Files

Command

logging life-time level level days

Parameter

level: Indicates the log level.

Description

days: Indicates the storage time of log files. The unit is day. The storage time is not less than seven days.

Command

Global configuration mode

Mode
Configuration

After the log storage time is configured, the system writes logs of the same level that are generated in the same day

Usage

into the same log file. The log file is named yyyy-mm-dd_filename_level.txt, where yyyy-mm-dd is the absolute
time of the day when the logs are generated, filename is the log file named configured by the logging file flash
command, and level is the log level.
After you specify the storage time for logs of a certain level, the system deletes the logs after the storage time
expires. Currently, the storage time ranges from 7days to 365 days.
If the log storage time is not configured, logs are stored based on the file size to ensure compatibility with old
configuration commands.



Immediately Writing Logs in the Buffer into Log Files

Command

logging flash flush

Parameter

N/A
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Description
Command

Global configuration mode

Mode
Configuration

After this command is configured, syslogs are stored in the buffer and then written into log files periodically or when

Usage

the buffer is full. You can run this command to immediately write logs into log files.
The logging flash flush command takes effect once after it is configured. That is, after this command is
configured, logs in the buffer are immediately written to log files.

Configuration Example



Writing Syslogs into Log Files

Scenario

It is required to configure the function of writing syslogs into log files as follows:
1. Set the log file name to syslog.
2. Set the level of logs sent to the Console to debugging (Level 7).
3. Set the interval at which device logs are written into files to 10 minutes (600s).

Configuration



Configure parameters for writing syslogs into log files.

Steps
FS# configure terminal
FS(config)# logging file flash:syslog debugging
FS(config)# logging flash interval 600

Verification



Run the show logging config command to display the configuration.

FS(config)#show logging config
Syslog logging: enabled
Console logging: level informational, 1307 messages logged
Monitor logging: level informational, 0 messages logged
Bufferlogging: level informational,1307messageslogged
File logging: level debugging, 122 messages logged
File name:syslog.txt, size 128 Kbytes, have written 1 files
Standard format:false
Timestamp debug messages: datetime
Timestamp log messages: datetime
Sequence-number log messages: enable
Sysname log messages: enable
Count log messages: enable
Trap logging: level debugging, 122 message lines logged,0 fail
logging to 10.1.1.100
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17.4.7 Configuring Syslog Filtering

Configuration Effect



Filter out a specified type of syslogs if the administrator does not want to display these syslogs.



By default, logs generated by all modules are displayed on the Console or other terminals. You can configure log filtering rules
to display only desired logs.

Notes



Two filtering modes are available: contains-only and filter-only. You can configure only one filtering mode at a time.



If the same module, level, or mnemonic is configured in both the single-match and exact-match rules, the single-match rule
prevails over the exact-match rule.

Configuration Steps



Configuring the Log Filtering Direction



(Optional) By default, the filtering direction is all, that is, all logs are filtered out.



Unless otherwise specified, perform this configuration on the device to configure the log filtering direction.



Configuring the Log Filtering Mode



(Optional) By default, the log filtering mode is filter-only.



Unless otherwise specified, perform this configuration on the device to configure the log filtering mode.



Configuring the Log Filtering Rule



(Mandatory) By default, no filtering rule is configured.



Unless otherwise specified, perform this configuration on the device to configure the log filtering rule.

Verification



Run the show running command to display the configuration.

Related Commands



Configuring the Log Filtering Direction

Command

logging filter direction { all | buffer | file | server | terminal }

Parameter

all: Filters out all logs.

Description

buffer: Filters out logs sent to the log buffer, that is, the logs displayed by the show logging command.
file: Filters out logs written into log files.
server: Filters out logs sent to the log server.
terminal: Filters out logs sent to the Console and VTY terminal (including Telnet and SSH).

Command

Global configuration mode

Mode
Configuration

The default filtering direction is all, that is, all logs are filtered out.

Usage

Run the default logging filter direction command to restore the default filtering direction.



Configuring the Log Filtering Mode
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Command

logging filter type { contains-only | filter-only }

Parameter

contains-only: Indicates that only logs that contain keywords specified in the filtering rules are displayed.

Description

filter-only: Indicates that logs that contain keywords specified in the filtering rules are filtered out and will not be
displayed.

Command

Global configuration mode

Mode
Configuration

Log filtering modes include contains-only and filter-only. The default filtering mode is filter-only.

Usage



Configuring the Log Filtering Rule

Command

logging filter rule { exact-match module module-name mnemonic mnemonic-name level level | single-match
{ level level | mnemonic mnemonic-name | module module-name } }

Parameter

exact-match: If exact-match is selected, you must specify all three filtering options.

Description

single-match: If single-match is selected, you may specify only one of the three filtering options.
module module-name: Indicates the module name. Logs of this module will be filtered out.
mnemonicmnemonic-name:Indicatesthemnemonic.Logswiththismnemonicwillbefilteredout.
level level: Indicates the log level. Logs of this level will be filtered out.

Command

Global configuration mode

Mode
Configuration

Log filtering rules include exact-match and single-match.

Usage

The no logging filter rule exact-match [ module module-name mnemonic mnemonic-name level level ] command
is used to delete the exact-match filtering rules. Youcan delete all exact-match filtering rules at a time or one by one.
The no logging filter rule single-match [ level level | mnemonic mnemonic-name | module module-name ]
command is used to delete the single-match filtering rules. You can delete all single-match filtering rules at a time or
one by one.

Configuration Example



Configuring Syslog Filtering

Scenario

It is required to configure the syslog filtering function as follows:
1. Set the filtering directions of logs to terminal and server.
2. Set the log filtering mode to filter-only.
3. Set the log filtering rule to single-match to filter out logs that contain the module name "SYS".

Configuration



Configure the syslog filtering function.

Steps
FS# configure terminal
FS(config)# logging filter direction server
FS(config)#loggingfilterdirectionterminal
FS(config)# logging filter type filter-only
FS(config)# logging filter rule single-match module SYS
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Verification



Run the show running-config | include loggging command to display the configuration.



Enter and exit global configuration mode, and verify that the system displays logs accordingly.

FS#configure
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#exit
FS#
FS#show running-config | include logging
logging filter direction server
logging filter direction terminal
logging filter rule single-match module SYS

17.4.8 ConfiguringSyslogRedirection

Configuration Effect



On the VSU, logs on the secondary or standby device are displayed on its Console window, and redirected to the active device
for display on the Console or VTY window, or stored in the memory buffer, extended flash, or syslog server.



On a box-type VSU, after the log redirection function is enabled, logs on the secondary or standby device will be redirected to
the active device, and the role flag (*device ID) will be added to each log to indicate that the log is redirected. Assume that four
devices form a VSU. The ID of the active device is 1, the ID of the secondary device is 2, and the IDs of two standby devices are 3
and 4. The role flag is not added to logs generated by the active device. The role flag (*2) is added to logs redirected from the
secondary device to the active device.The role flags (*3) and (*4) are added respectively to logs redirected from the two standby
devices to the active device.



On a card-type VSU, after the log redirection function is enabled, logs on the secondary or standby supervisor module will be
redirected to the active supervisor module, and the role flag "(device ID/supervisor module name) will be added to each log to
indicate that the log is redirected. If four supervisor modules form a VSU, the role flags are listed as follows: (*1/M1), (*1/M2),
(*2/M1), and (*2/M2).

Notes



The syslog redirection function takes effect only on the VSU.



You can limit the rate of logs redirected to the active device to prevent generating a laFSe amount of logs on the secondary or
standby device.

Configuration Steps



Enabling Log Redirection



(Optional) By default, log redirection is enabled on the VSU.



Unless otherwise specified, perform this configuration on the active device of VSU or active supervisor module.



Configuring the Rate Limit



(Optional) By default, a maximum of 200 logs can be redirected from the standby device to the active device of VSU per second.



Unless otherwise specified, perform this configuration on the active device of VSU or active supervisor module.
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Verification



Run the show running command to display the configuration.

Related Commands



Enabling Log Redirection

Command

logging rd on

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, log redirection is enabled on the VSU.

Usage



Configuring the Rate Limit

Command

logging rd rate-limit number [ except level ]

Parameter

rate-limitnumber: Indicatesthe maximum number of logsredirectedper second.The value ranges from1 to10,000.

Description

except level: Rate limit is not applied to logs with a level equaling to or lower than the specified severity level. By
default, the severity level is error (Level 3), that is, rate limit is not applied to logs of Level 3 or lower.

Command

Global configuration mode

Mode
Configuration

By default, a maximum of 200 logs can be redirected from the standby device to the active device of VSU per second.

Usage
Configuration Example



Configuring Syslog Redirection

Scenario

It is required to configure the syslog redirection function on the VSU as follows:
1. Enable the log redirection function.
2. Set the maximum number of logs with a level higher than critical (Level 2) that can be redirected per second to 100.

Configuration



Configure the syslog redirection function.

Steps
FS# configure terminal
FS(config)# logging rd on
FS(config)# logging rd rate-limit 100 except critical

Verification



Run the show running-config | include logging command to display the configuration.



Generate a log on the standby device, and verify that the log is redirected to and displayed on the active
device.

FS#show running-config | include logging
logging rd rate-limit 100 except critical
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17.4.9 Configuring SyslogMonitoring

Configuration Effect



Record login/exit attempts. After logging of login/exit attempts is enabled, the related logs are displayed on the device when
users access the device through Telnet or SSH. This helps the administrator monitor the device connections.



Record modification of device configurations. After logging of operations is enabled, the related logs are displayed on the
devicewhen usersmodifythedevice configurations. Thishelps theadministrator monitor thechanges indeviceconfigurations.

Notes



If both the logging userinfo command and the logging userinfo command-log command are configured on the device, only
theconfiguration resultof the logging userinfocommand-log command isdisplayed when you run the show running-config
command.

Configuration Steps



Enabling Logging of Login/Exit Attempts



(Optional) By default, logging of login/exit attempts is disabled.



Unless otherwise specified, perform this configuration on every line of the device to enable logging of login/exit attempts.



Enabling logging of Operations



(Optional) By default, logging of operations is disabled.



Unless otherwise specified, perform this configuration on every line of the device to enable logging of operations.

Verification



Run the show running command to display the configuration.

Related Commands



Enabling Logging of Login/Exit Attempts

Command

logging userinfo

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

By default, a device does not generate related logs when users log into or exit the device.

Usage



Enabling Logging of Operations

Command

logging userinfo command-log

Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration
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Usage

logs when users modify device configurations.

Configuration Example



Configuring Syslog Monitoring

Scenario

It is required to configure the syslog monitoring function as follows:
1. Enable logging of login/exit attempts.
2. Enable logging ofoperations.

Configuration



Configure the syslog monitoring function.

Steps
FS# configure terminal
FS(config)# logging userinfo
FS(config)# logging userinfo command-log

Verification



Run the show running-config | include logging command to display the configuration.



Run a command in global configuration mode, and verify that the system generates a log.

FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#interface gigabitEthernet 0/0
*Jun 16 15:03:43: %CLI-5-EXEC_CMD: Configured from console by admin command: interface GigabitEthernet 0/0
FS#show running-config | include logging
logging userinfo command-log

17.4.10 Synchronizing User Input with Log Output

Configuration Effect



By default, the user input is not synchronized with the log output. After this function is enabled, the content input during log
output is displayed after log output is completed, ensuring integrity and continuity of the input.

Notes



This command is executed in line configuration mode. You need to configure this command on every line as required.

Configuration Steps



Synchronizing User Input with Log Output



(Optional) By default, the synchronization function is disabled.



Unless otherwise specified, perform this configuration on every line to synchronize user input with log output.

Verification



Run the show running command to display the configuration.
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Related Commands



Synchronizing User Input with Log Output

Command

logging synchronous

Parameter

N/A

Description
Command

Line configuration mode

Mode
Configuration

This command is used to synchronize the user input with log output to prevent interrupting the user input.

Usage
Configuration Example



Synchronizing User Input with Log Output

Scenario

It is required to synchronize the user input with log output as follows:
1. Enable the synchronization function.

Configuration



Configurethe synchronization function.

Steps
FS# configure terminal
FS(config)# line console 0
FS(config-line)# logging synchronous

Verification



Run the show running-config | begin line command to display the configuration.

FS#show running-config | begin line
line con 0
logging synchronous
login local
As shown in the following output, when a user types in "vlan", the state of interface 0/1 changes and the related log
is output. After log output is completed, the log module automatically displays the user input "vlan" so that the user
can continue typing.
FS(config)#vlan
*Aug 20 10:05:19: %LINK-5-CHANGED: Interface GigabitEthernet 0/1, changed state to up
*Aug 20 10:05:19: %LINEPROTO-5-UPDOWN: Line protocol on Interface GigabitEthernet 0/1, changed state to up
FS(config)#vlan

17.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.

www.fs.com

121

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Description

Command

Clears logs in the memory buffer.

clear logging

Displaying
Description

Command

Displays log statistics and logs in the memory buffer based on the
timestamp from oldest to latest.
Displays log statistics and logs in the memory buffer based on the
timestamp from latest to oldest.

show logging
show logging reverse

Displays syslog configurations and statistics.

show logging config

Displays log statistics of each module in the system.

show logging count

Displays the last N logs.

show logging last

18 Configuring MONITOR
18.1 Overview
Smart monitoring is the smart hardware management of FS Network devices, including fan speed adjustment, and peripheral
monitoring. The smart monitoring performs the following tasks:



Automatic fan speed adjustment based on ambient temperature changes



Real-time peripheral monitoring of boards to alert users, including fan status, power status and temperature monitoring.

By default, the smart monitoring function is enabled after the device is powered on. It does not require any manual configuration.
Protocol Specification

18.2 N/Features
Basic Concepts
N/A

Features
Feature

Function

Smart

Speed

Adjustment of Fans

The rotating speed of fans is automatically adjusted as the temperature changes to address the heat
dissipation needs of the system. The system monitors the fan status.

and Monitoring
Smart

Temperature

Monitoring

The system automatically monitors the temperature. When the temperature exceeds a certain threshold, the
system automatically generates an alarm. When the temperature exceeds the threshold greatly, the system
will reboot.

Power Monitoring

The system automatically monitors the power. When the power is insufficient or cannot be identified, the
system automatically generates an alarm.

Power Input Mode
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18.2.1 Smart Speed Adjustment of Fans and Monitoring

As the ambient temperature rises or drops, the fans automatically raise or reduce their rotating speed to dissipate heat and ensure
that the noise is low. The system monitors the fan status and displays fan status.
Working Principle
The system specifies a fan rotating speed. As the ambient temperature rises or drops, the fans automatically raise or reduce their
rotating speed to dissipate heat and ensure that the noise is low.
The system checks the fan status periodically and displays fan status.
Verification



Run the show fan command to display working status of all fans.



Run the show fan speed command to display rotating speed.



Run the show fan attribute command to display fan attribute.

18.2.2 Smart Temperature Monitoring

The system automatically monitors the temperature. When the temperature changes, the system automatically notifies users.When
the temperature exceeds the threshold greatly, the system will reboot.
Working Principle
Thesystemmonitors thetemperature onceper minute.Whenthetemperature exceedsacertainthreshold, thesystemtakesa certain
action. The temperature and action vary with different devices.
Verification
Run the show temperature command to display system temperature.
18.2.3 Power Monitoring

The system checks power status periodically and displays power status.
Working Principle
The system checks power status periodically. If there is a power failure, an alarm will be generated.
The system checks fan channel of the power module. If the fan channel of the power module does not match with the fan channel of
the system, an alarm will be generated.
Verification
Run the show power command to display power status.

19 Configuring PKG_MGMT
19.1 Overview
Package management (pkg_mgmt) is a package management and upgrade module. This module is responsible for installing,
upgrading/degrading, querying and maintaining various components of the device, among which upgrade is the main function.
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Through upgrade, users can install new version of software that is more stable or powerful. Adopting a modular structure, the FSOS
system not only supports overall upgrade and subsystem upgrade but also supports separate upgrade of a feature package. In
addition, the FSOS system supports upgrade through hot patches.
This document is for only version 11.0 and later, excluding those upgraded from earlier versions.
Protocols and Standards
N/A

19.2 Applications
Application

Scenario

Upgrading/Degrading Subsystem

Upgrade subsystem firmware like boot, kernel, and rootfs on the device.

Upgrading/Degrading a Single Feature

Upgrade a single feature package on the device.

Package
Installing a Hot Patch Package

Install a hot patch, and repair a certain part of the feature component.

Auto-Sync for Upgrade

Configure the auto sync policy, range and path.

19.2.1 Upgrading/Degrading Subsystem

Scenario
After the upgrade of a subsystem firmware is complete, all system software on the device is updated, and the overall software is
enhanced. Generally, the subsystem firmware of the box-type device is called main package.
The main features of this upgrade mode are as follows: All software on the device is updated after the upgrade is completed; all
known software bugs are fixed. It takes a long time to finish upgrade.
Deployment
You can store the main package in the root directory of the TFTP server, download the package to the device, and then run an
upgrade command to upgrade the package locally. You can also store the main package in a USB flash drive or SD card, connect the
USB flash drive to the device, and then run an upgrade command to upgrade the package.
You must store the rack package in a USB flash drive before performing the upgrade because the rack package is too laFSe to be
stored in the memory space of the device.
19.2.2 Upgrading Subsystem by One-click

Scenario
Upgradethefirmwareautomaticallywithout interruptingservicesonadual-deviceVSUsystem.WhileeitherinVSUmodeorin
standalone mode, one single device will restart after this configuration, thus interrupting services.
Deployment
You can store the main package in the root directory of the TFTP server, download the package to the device, and then run an
upgrade command to upgrade the package locally. You can also store the main package in a USB flash drive or SD card, connect the
USB flash drive or SD card to the device, and then run an upgrade command to upgrade the package.
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19.2.3 Upgrading/Degrading a Single Feature Package

Scenario
Devicesoftwareconsists of several components,and each component is an independent feature module. After anindependent
featurepackageisupgraded,only thefeaturebugcorrespondingtothispackageisfixed. Besides,thisfeatureisenhancedwiththe
other features unchanged.
The features of thisupgrade mode areas follows:Generally, afeature packageissmall and the upgradespeed is high. After the
upgradeiscompleted, only thecorresponding functional moduleisimproved, and other functional modulesremain unchanged.
Deployment
Youcan store this package in the root directory of the TFTP server, download the package to the local device, and then complete the
upgrade.Youcan alsostorethe package ina USB flash drive or SD card, connect the USB flashdrive or SD cardto the device, and then
complete the upgrade.
19.2.4 Installing a Hot Patch Package

Scenario
To fix software bugs without restarting the device, you can install hot patch packages. Hot patch packages are only applicable to
fixing a specific software version. Generally, hot patch packages are released to fix the software of a certain version only when the
device cannot be started in the user's environment.
The most significant feature of hot patch upgrade is that all bugs can be fixed without device restart after the upgrade is completed.
Deployment
Youcan store this package in the root directory of the TFTP server, download the package to the local device, and then complete the
upgrade.Youcan alsostorethe package ina USB flash drive or SD card, connect the USB flashdrive or SD cardto the device, and then
complete the upgrade.
19.2.5 Auto-Sync for Upgrade

Scenario
Auto-syncupgradeaimstoensurethecoordinationofmultiplemodules(linecardsandchassis)withinasystemonarack-typedevice
orVSU.Specifically,theupgradefirmwareispushedtoalltaFSetmembersautomaticallyandthesoftwareversionofnewmembersis
upgraded automatically based on the auto-sync policy.
Deployment



Configure the policy for auto-sync upgrade.



Configure the path of firmware for auto-sync upgrade.

19.3 Features
Basic Concepts

 Subsystem
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A subsystem exists on a device in the form of images. The subsystems of the FSOS include:



boot: After being powered on, the device loads and runs the boot subsystem first. This subsystem is responsible for initializing
the device, and loading and running system images.



kernel: kernel is the OS core part of the system. This subsystem shields hardware composition of the system and provides
applications with abstract running environment.



rootfs: rootfs is the collection of applications in the system.



Main Package

Main package is often used to upgrade/degrade a subsystem of the box-type device. The main package is a combination package of
the boot, kernel, and rootfs subsystems. The main package can be used for overall system upgrade/degradation.



Feature Package of FSOS

The feature package of FSOS refers to a collection which enables a certain feature. When the device is delivered, all supported
functions are contained in the rootfs subsystem. Youcan upgrade only a specific feature by upgrading a single feature package.
"Firmware" in this document refers to an installation file that contains a subsystem or feature module.
Overview
Feature

Description

Upgrading/Degrading and Managing

Upgrades/degrades a subsystem.

Subsystem Components
Upgrading/Degrading and Managing

Upgrades/degrades a functional component.

Functional Components
Auto-Sync for Upgrade

Ensures uniform upgrade upon member change.

19.3.1 Upgrading/Degrading and Managing Subsystem Components

Subsystem upgrade/degradation aims to upgrade the software by replacing the subsystem components of the device with the
subsystem components in the firmware. The subsystem component contains redundancy design. Subsystems of the device are not
directly replaced with the subsystems in the package during upgrade/degradation in most cases. Instead, subsystems are added to
the device and then activated during upgrade/degradation.
Working Principle



Upgrade/Degradation

Various subsystems exist on the device in different forms. Therefore, upgrade/degradation varies with different subsystems.



boot: Generally, this subsystem exists on the norflash device in the form of images. Therefore, upgrading/degrading this
subsystem is to write the image into the norflash device.



kernel:This subsystem exists in a specific partitionin the form of files.Therefore, upgrading/degrading this subsystemis to write
the file.



rootfs: Generally, this subsystem exists on the nandflash device in the form of images. Therefore, upgrading/degrading this
subsystem is to write the image into the nandflash device.



Management
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Query the subsystem components that are available currently and then load subsystem components as required.
Each subsystem component contains redundancy design. During the upgrade/degradation:



boot: The boot subsystem always contains a master boot subsystem and a slave boot subsystem. Only the master boot
subsystem is involved in the upgrade, and the slave boot subsystem serves as the redundancy backup all along.



kernel: as the kernel subsystem contains at least one redundancy backup. More redundancy backups are allowed if there is
enough space.



rootfs: The rootfs subsystem always contains a redundancy backup.

The boot component is not included in the scope of subsystem management due to its particularity. During upgrade of the kernel or
rootfs subsystem component, the upgrade/degradation module always records the subsystem component in use, the redundant
subsystem component, and management information about various versions.
Relevant Configuration



Upgrade



Store the upgrade file on the local device, and then run the upgrade command for upgrade.

19.3.2 Upgrading/Degrading and Managing FunctionalComponents

Working Principle
In fact, upgrading a feature is replacing feature files on the device with the feature files in the package.
Managing feature components and hot patches is aimed at recording the information of feature components and hot patches by
usinga database. In fact,installing, displaying and uninstalling acomponent is theresultof performing the Add, Query and Delete
operation on the database.
After package upgrade, component upgrade cannot be performed.
Relevant Configuration



Upgrade



Store the upgrade file on the local device, and then run the upgrade command for upgrade.

19.3.3 Upgrading/Degrading and Managing Hot Patch Packages

Working Principle
In fact, upgrading a feature component is replacing feature files on the device with the feature files in the package.
Upgrading hot patch packages is similar to upgrading features. The difference is that only files to be revised are replaced during hot
patch package upgrade. In addition, after the files are replaced, the new files take effect automatically.
After package upgrade, component upgrade cannot be performed.



Management

Similartofeaturecomponent management,hot patchmanagement alsoincludes thequery, installation, and uninstallationoperation,
which is the result of adding, querying and deleting data respectively.
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Hot patches and feature components are managed based on the same technology. The difference is that the hot patches involve
three different states, that is, Not installed, Installed, and Activated. These states are described as follows:
The hot patch in Installed state only indicates that this hot patch exists on the device, but it has not taken effect yet.
Only the hot patch in Activated state is valid.
Relevant Configuration



Upgrade



Store the upgrade file in the local file system, and then run the upgrade command for upgrade.



Activating a Hot Patch



Youcan run the patch active command to activate a patch temporarily. The patch becomes invalid after device restart. Touse
this patch after device restart, you need to activate it again.



You can also run the patch running command to activate a patch already permanently. The patch is still valid after device start.



The patch not activated will never become valid.



Deactivating a Hot Patch



To deactivate an activated patch, run the patch deactive command.



Uninstalling a Hot Patch



You can run the patch delete command to uninstall a hot patch.

19.3.4 Auto-Sync for Upgrade

Working Principle
Auto-sync upgrade aims to ensure the coordination of multiple modules (line cards and chassis) within a system. Specifically, the
upgradefirmwareispushed toalltaFSetmembersautomaticallyand thesoftwareversionofnewmembersisupgraded automatically
based on the auto-sync policy.
There are three policies available.
None: No auto-sync upgrade.
Compatible: Performs auto-synchronization based on the sequential order of versions.
Coordinate:Synchronizeswiththeversionbasedonthefirmwarestoredonthesupervisormodule.
Auto-sync is performed in the following scenarios:
If no upgrade taFSet is specified, the firmware is pushed to all matching members(including line cards and chassis) for auto-sync.
Every member is checked when the device is restarted and auto-sync is performed accordingly.
Every new member is checked when added into the system and auto-sync is performed accordingly.



Management

Auto-upgrade policy, range and path should be configured in advance.
Relevant Configuration
Configuring Auto-Sync Policy
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To perform upgrade as expected, check the configuration in advance, such as the path.
If some line cards are not checked for upgrade because the system is not configured with auto-sync policy. You can upgrade them
manually.

19.4 Configuration
Configuration

Description and Command
The basic function of the configuration is installing and upgrading/degrading a subsystem
firmware, feature package, and hot patch package. This command is valid on both the box-type
device and rack-type device.
upgrade url [ patch-active | patch-running ]
[ force]

url is a local path where the firmware is stored.
This command is used to upgrade the firmware
stored on the device.
path is the path of the firmware on the server. This

Upgrading/Degrading

a

upgrade download tftp:/ path [ patch-active |

command is used to download afirmware from

patch-running ] [ force ] [ vrf vrf-name ]

the server and upgrade the package
automatically.

Firmware

path is the path of the firmware on the server.
via mgmt number: If the transfer mode is oob_tftp
upgrade download oob_tftp://path [patch-active
| patch-running ] [ force ]

and there are multiple MGMT ports, you can
select a specific port.
This command is used to download afirmware
from the server and upgrade the package
automatically.

Deactivating and Uninstalling
a Hot Patch

patch active

Activates a patch temporarily.

patch running

Activates a patch permanently,

(Optional) Deactivates or uninstalls a hot patch.
upgrade deactivate [ slot { num | M1 | M2 | all } ] Deactivates an activated patch.
patch delete [ slot { num | M1 | M2 | all } ]

Uninstalls a hot patch.

(Optional) Configures auto-sync policy.
upgrade auto-sync policy [ none | compatible |
Auto-Sync for Upgrade

coordinate ]

Configures the auto-sync policy.

upgrade auto-sync range [ chassis ]

Configures the auto-sync range.

upgrade auto-sync package url

Configures the auto-sync path for package.

upgrade auto-sync patch url

Configures the auto-sync path for path.

19.4.1 Upgrading/Degrading a Firmware

Configuration Effect
Available firmware includes the main package.



After the upgrade of the main package is complete, all system software on the line card is updated, and the overall software is
enhanced.
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Afteranindependentfeaturepackageisupgraded,onlythefeaturebugcorrespondingtothispackageisfixed.Besides,this
feature is enhanced, with other features remain unchanged.



Upgradinghot patchpackages isaimed at fixing softwarebugs without restarting thedevice. Hot patchpackages areonly
applicable to fixing bugs for a specific version of software.
Generally a main package is released to upgrade a box-type device.

Notes
N/A
Configuration Steps



Upgrading the Main Package for a Single Device



Optional configuration. This configuration is required when all system software on the device needs to be upgraded.



Download the firmware to the local device and run the upgrade command.
Generally a main package is pushed to upgrade a box-type device.



Upgrading a Main Package on a VSU



Optional configuration. This configuration is required when all system software on a VSU needs to be upgraded without service
interruption.



Download the firmware to the local device and run the upgrade auto command.
Generally a rack/main package is pushed to upgrade VSU member devices.



Upgrading Each Feature Package



Optional configuration. The configuration is used to fix bugs of a certain feature and enhance the function of this feature.



Download the firmware to the local device and run the upgrade command.



Upgrading a Hot Patch Package



Optional configuration. The configuration is used to fix software bugs without restarting the device.



Download the firmware to the local device and run the upgrade command.



After being upgraded, the hot patch can be used after it is activated. The configuration in this step is mandatory. Two activation
modes are available: Run the patch active command to activate a patch temporarily, or run the patch running command to
activate a patch permanently.
Generally, the patch running command must be used to activate a patch permanently in the user scenario. The patch active
command can be used to activate a patch only when a user intends to verify the patch.

Verification



After upgrading a subsystem component, you can run the show upgrade history command to check whether the upgrade is
successful.



After upgrading a feature component, you can run the show component command to check whether the upgrade is
successful.



After upgrading a hot patch package, you can run the show patch command to check whether the upgrade is successful.
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Commands



Upgrade

Command

upgrade url [ patch-active | patch-running ] [ [ force ]

Parameter

force indicates forced upgrade.

Description

patch-active: Activates the patch actively.
patch-running: Activates the patch actively and permanently.

Command

Privileged EXEC mode

Mode
Usage Guide

N/A

Command

upgrade download tftp:/path [ patch-active | patch-running ] [ force ] [ vrf vrf-name ]
upgrade download oob_tftp:/path [ patch-active | patch-running ] [ force ] [ vrf vrf-name ]

Parameter

force indicates forced upgrade.

Description

patch-active: Activates the patch actively.
patch-running: Activates the patch actively and permanently.
vrf vrf-name: Downloads an installation package from the specified VRF.

Command

Privileged EXEC mode

Mode
Usage Guide



N/A

Displaying the Firmware Stored on the Device

Command

show upgrade file url

Parameter

url indicates the path of the firmware in the device file system.

Description
Command

Privileged EXEC mode

Mode
Usage Guide



N/A

Viewing the Device Upgrade Process

Command

show upgrade status

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide



This command is available on only the rack-type device, and it is used to display the upgrade status of each line card.

Displaying Upgrade History

Command

show upgrade history

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
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Usage Guide



N/A

Displaying the Feature Components Already Installed

Command

show component [ slot { num | M1 | M2 | all } ]

Parameter

slot indicates that this command is executed on the device in the specified slot; num indicates the slot number of the

Description

specified line card; M1 and M2 indicate the supervisor modules; all indicates all devices.

Command

Privileged EXEC mode

Mode
Usage Guide



N/A

Displaying the Patch Packages Already Installed

Command

show patch [package _name ]

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide



N/A

Activating the Patches Temporarily

Command

patch active

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

This operation can be performed only on the devicealready installedwith apatch. This command can be used toactivate
a patch temporarily, and the activated patch becomes invalid after device restart.



Activating the Patches Permanently

Command

patch running

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

This operation can be performed only on the devicealready installedwith apatch. This command can be used toactivate
a patch permanently.
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Configuration Example



Example of Upgrading a Subsystem Firmware on the Box-Type Device

Network

Before the upgrade, you must copy the firmware tothe device. The upgrade module provides the following solutions.

Environment



Run some file system commands like copy tftp and copy xmodem to copy the firmware on the server to the
device file system, and then run the upgrade url command to upgrade the firmware in the local file system.



Run the upgrade download tftp://path command directly to upgrade the firmware file stored on the tftp
server.



Copy the firmware to a USB flash drive, insert the USB flash drive to the device, and then run the upgrade url
command to upgrade the firmware in the USB flash drive or SD card.

Configuration



Run the upgradecommand.

Steps



After upgrading the subsystem, restart the device.

Verification



Checkthe system versiononthe current device. If theversioninformation changes, theupgrade issuccessful.



Example of Upgrading a Feature Package on the Box-Type Device

Network
Environment

Before the upgrade, you must copy the firmware tothe device. The upgrade module provides the following solutions.



Run some file system commands like copy tftp and copy xmodem to copy the firmware on the server to the
device file system, and then run the upgrade url command to upgrade the firmware in the local file system.



Run the upgrade download tftp://path command directly to upgrade the firmware file stored on the tftp
server.



Copy the firmware to a USB flash drive or SD card, connect the USB flash drive or SD card to the device, and
then run the upgrade url command to upgrade the firmware in the USB flash drive or SD card.

Configuration
Steps



Run the upgradecommand.



Check whether the device needs to be restarted based on the prompt displayed after the upgrade.

FS#upgrade

sata0://bridge_eg1000m_2.3.1.1252ea-1.mips.rpm

FS#upgrade sata0://bridge_eg1000m_2.3.1.1252ea-1.mips.rpm
Upgrade processing is 10%
Upgrade processing is 60%
Upgrade processing is 90%
Upgrade info [OK]
bridge version[2.0.1.37cd5cda ->2.3.1.1252ea] [OK]
Upgrade processing is 100%
Reload system to take effect!
Reload system?(Y/N)y
Restarting system.
Verification
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upgrade is successful.
FS# show component
Package

:sysmonit

Version:1.0.1.23cd34aa

Build time: Wed Dec 7 00:58:56 2011

Size:12877 Install time :Wed Mar 5 14:23:12 2012
Description:this is a system monit package
Required packages: None
------------------------------------------------------------------package:bridge
Version: 2.3.1.1252ea

Buildtime:WedDec 700:54:56 2011

Size:26945 Install time : Wed Mar 19:23:15 2012
Description:this is a bridge package
Required packages: None



Example of Upgrading a Main Package for a VSU

Network

Before the upgrade, you must copy the firmware tothe device. The upgrade module provides the following solutions.

Environment

1

Run some file system commands like copy tftp and copy xmodem tocopy the firmwareon the server tothe
device file system, and then run the upgrade auto url command to upgrade the firmware in the local file
system.

2

Copy the firmware toa USB flash drive or SD card, Insert the USB flashdrive or SD cardto the device, and then
run the upgrade auto url command to upgrade the firmware in the USB flash drive or SD card.

Configuration

Run the upgrade auto command.

Steps

The VSU active and standby devices are restarted in sequence.
2015-04-09_09-56-23 FS#upgrade auto usb0:N5860_FSOS11.0(5)B1_install.bin
2015-04-09_09-56-24 FS#*Jan 1 00:23:40: %7:
2015-04-09_09-56-24 *Jan 1 00:23:40: %7: [Slot 1/0]:Upgrade processing is 10%
2015-04-09_09-56-26 FS#show upgrade status
2015-04-09_09-56-26 [Slot 1/0]
2015-04-09_09-56-26

dev_type: s6k

2015-04-09_09-56-26

status :upgrading

2015-04-09_09-56-26 [Slot 2/0]
2015-04-09_09-56-26

dev_type: s6k

2015-04-09_09-56-26

status :transmission

2015-04-09_09-58-20 *Jan 1 00:25:36: %7: [Slot 2/0]:Upgrade processing is 10%
2015-04-09_09-58-30 FS#show upgrade status
2015-04-09_09-58-30 [Slot 1/0]
2015-04-09_09-58-30

dev_type: s6k

2015-04-09_09-58-30

status :upgrading

2015-04-09_09-58-30 [Slot 2/0]
2015-04-09_09-58-30

dev_type: s6k

2015-04-09_09-58-30

status :upgrading

2015-04-09_09-58-39 *Jan 1 00:25:56: %7:
2015-04-09_09-58-39 *Jan 1 00:25:56: %7: [Slot 2/0]:Upgrade processing is 60%
2015-04-09_09-59-19 *Jan 1 00:26:35: %7:
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2015-04-09_09-59-19 *Jan 1 00:26:35: %7: [Slot 2/0]:Upgrade processing is 90%
2015-04-09_09-59-19 *Jan 1 00:26:35: %7:
2015-04-09_09-59-19 *Jan 1 00:26:35: %7: [Slot 2/0]:
2015-04-09_09-59-19 *Jan 1 00:26:35: %7: Upgrade info [OK]
2015-04-09_09-59-19 *Jan 100:26:36: %7:

Kernel version[2.6.32.6b311610a8eb91->2.6.32.6b31161115502c]

2015-04-09_09-59-19 *Jan 100:26:36: %7:

Rootfs version[1.0.0.eb75cd01->1.0.0.3d978b6c]

2015-04-09_09-59-19 *Jan 1 00:26:36: %7:
2015-04-09_09-59-19 *Jan 1 00:26:36: %7: [Slot 2/0]:Reload system to take effect!
2015-04-09_09-59-21 *Jan 1 00:26:37: %7:
2015-04-09_09-59-21 *Jan 1 00:26:37: %7: [Slot 2/0]:Upgrade processing is 100%
2015-04-09_10-00-28 FS#show upgrade status
2015-04-09_10-00-28 [Slot 1/0]
2015-04-09_10-00-28

dev_type: s6k

2015-04-09_10-00-28

status : upgrading

2015-04-09_10-00-28 [Slot 2/0]
2015-04-09_10-00-28

dev_type: s6k

2015-04-09_10-00-28

status : success

2015-04-09_10-01-39 *Jan 1 00:28:56: %7:
2015-04-09_10-01-39 *Jan 1 00:28:56: %7: [Slot 1/0]:Upgrade processing is 60%
2015-04-09_10-02-17 *Jan 1 00:29:33: %7:
2015-04-09_10-02-17 *Jan 1 00:29:33: %7: [Slot 1/0]:Upgrade processing is 90%
2015-04-09_10-02-17 *Jan 1 00:29:33: %7:
2015-04-09_10-02-17 *Jan 1 00:29:33: %7: [Slot 1/0]:
2015-04-09_10-02-17 *Jan 1 00:29:34: %7: Upgrade info [OK]
2015-04-09_10-02-17 *Jan 100:29:34: %7:

Kernel version[2.6.32.6b311610a8eb91->2.6.32.6b31161115502c]

2015-04-09_10-02-17 *Jan 100:29:34: %7:

Rootfs version[1.0.0.eb75cd01->1.0.0.3d978b6c]

2015-04-09_10-02-17 *Jan 1 00:29:34: %7:
2015-04-09_10-02-18 *Jan 1 00:29:34: %7: [Slot 1/0]:Reload system to take effect!
2015-04-09_10-02-19 *Jan 1 00:29:35: %7:
2015-04-09_10-02-19 *Jan 1 00:29:35: %7: [Slot 1/0]:Upgrade processing is 100%
2015-04-09_10-02-19 *Jan 1 00:29:36: %7: %PKG_MGMT:auto-sync config synchronization, Please wait for a
moment....
2015-04-09_10-02-20 *Jan 1 00:29:36: %7:
2015-04-09_10-02-20 [ 1784.116069] rtc-pcf8563 6-0051: retrieved date/time is not valid.
2015-04-09_10-02-20 *Jan 1 00:29:36: %7: [Slot 2/0]:auto sync config: space not enough left 57229312, need
114597815
2015-04-09_10-02-20 *Jan 1 00:29:36: %7:
2015-04-09_10-02-20 *Jan 1 00:29:36: %7: [Slot 2/0]:auto sync package config err
2015-04-09_10-02-20 *Jan 1 00:29:37: %7: [Slot 1/0]
2015-04-09_10-02-21 *Jan 100:29:37: %7:

device_name: s6k

2015-04-09_10-02-21 *Jan 100:29:37: %7:

status:

SUCCESS

2015-04-09_10-02-21 *Jan 1 00:29:37: %7: [Slot 2/0]
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2015-04-09_10-02-21 *Jan 1 00:29:38: %7: %Do with dtm callback....
2015-04-09_10-02-21*Jan 100:29:38:%VSU-5-DTM_AUTO_UPGRADE: Upgrading thesystem,waitamoment
please.
Verification

If the version information changes, the upgrade is successful.
FS-VSU#show version detail
Systemdescription

:FS Full 10G Routing Switch(N5860) By FS Networks

System start time

: 1970-02-07 00:33:24

System uptime

: 0:00:47:28

System hardware version : 2.00
System software version : N5860_FSOS 11.0(5)B1
Systempatch number

: NA

System software number : M01181304092015
System serial number

1234942570019

Systemboot version

:1.2.9.f23dcbe(150317)

System core version

: 2.6.32.6b31161115502c

Module information:
Slot 2/0 : FS-N5860
Hardwareversion
System start time

: 2.00
: 1970 02-07 00:33:24

Boot version

: 1.2.9.f23dcbe(150317)

Softwareversion

: N5860_FSOS 11.0(5)B1

Software number

: M01181304092015

Serial number

1234942570019

Slot 1/0 : FS-N5860
Hardwareversion
System start time



: 2.00
: 1970 02-07 00:33:47

Boot version

: 1.2.9.f23dcbe(150317)

Softwareversion

: N5860_FSOS 11.0(5)B1

Software number

: M01181304092015

Serial number

1234942570018

Example of Installing a Patch Package on the Box-Type Device

Network

Before the upgrade, you must copy the firmware tothe device. The upgrade module provides the following solutions.

Environment



Run some file system commands like copy tftp and copy xmodem to copy the firmware on the server to the
device file system, and then run the upgrade url command to upgrade the firmware in the local file system.



Run the upgrade download tftp://path command directly to upgrade the firmware file stored on the tftp
server.



Copy the firmware to a USB flash drive, connect the USB flash drive to the device, and then run the upgrade url
command to upgrade the firmware in the USB flash drive.

Configuration



Run the upgradecommand.

Steps



Activate the hotpatch.

FS#upgrade download tftp://192.168.201.98/eg1000m_FSOS11.0(1C2)_20131008_patch.bin
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Accessing tftp://192.168.201.98/eg1000m_FSOS11.0(1C2)_20131008_patch.bin...
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!
Transmission finished, file length 9868 bytes.
Upgrade processing is 10%
Upgrade processing is 60%
Upgrade info [OK]
patch_bridge version[1.0.0.1952]
Upgrade processing is 90%
Upgrade info [OK]
patch_install version[1.0.0.192e35a]
FS#patch running
The patch on the system now is in running status
Verification



Check the hot patches installed on the current device.

:patch package patch_install installed in the system, version:pa1
Package : patch_bridge
Status：running
Version:pa1
Size:277

Build time: Mon May 13 09:03:07 2013
Install time: Tue May 21 03:07:17 2013

Description: a patch for bridge
Required packages: None
Common Errors
If an error occurs during the upgrade, the upgrade module displays an error message. The following provides an example:
Upgrade info [ERR]
Reason:creat config file err(217)
The following describes several types of common error messages:



Invalid firmware: The cause is that the firmware may be damaged or incorrect. It is recommended to obtain the firmware again
and perform the upgrade operation.



Firmware not supported by the device: The cause is that you may use the firmware of other devices by mistake. It is
recommended to obtain the firmware again, verify the package, and perform the upgrade operation.



Insufficientdevicespace:Itisrecommendedtocheckwhetherthedeviceissupplied withaUSBflashdriveorSDcard.Generally,
this device has a USB flash drive.

19.4.2 Deactivating and Uninstalling a Hot Patch

Configuration Effect
An activated hot patch is deactivated or uninstalled.
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Notes
A hot patch that is not activated does not take effect; therefore, you cannot deactivate it.
Configuration Steps



Deactivating an Activated Patch



Optional configuration. To deactivate an activated patch, run the patch deactive command.



Uninstalling a Hot Patch



Optional configuration. To uninstall a hot patch already installed, run the patch delete command.

Verification



You can run the show patch command to check whether a patch is activated or uninstalled.

Commands



Deactivating an Activated Patch

Command

patch deactive

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode



Deleting a Hot Patch

Command
Parameter

patch delete
N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

This command is used to remove the hot patch package from the device.

Configuration Example



Deactivating and Uninstalling a Patch on the Box Device

Configuration



Run the patch deactivation command.

Steps



Run the patch deletion command.

FS#patch deactive
Deactive the patch package success
FS# patchdelete
Clear the patch patch_bridge success
Clear the patch success
Verification
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Configuration



Run the patch deactivation command.

Steps



Run the patch deletion command.

FS#patch deactive
Deactive the patch package success
FS# patchdelete
Clear the patch patch_bridge success
Clear the patch success
Verification



Display patch status.

FS#show patch
No patch package installed in the system
Common Errors



Run the patch deactive command when the patch is not activated. It is recommended to check the patch status. You can run
the patch deactive command only when the patch is in the status:running state.

19.4.3 Auto-Sync for Upgrade

Configuration Effect
Auto-sync policy, range and path is configured.
Notes
N/A
Configuration Steps



Configuring Auto-Sync Policy

Run the upgrade auto-sync policy command to configure the auto-sync policy. There are three modes available:
None: No auto-sync upgrade.



Compatible: Performs auto-synchronization based on the sequential order of versions.



Coordinate: Synchronizes with the version based on the firmware stored on the supervisor module.



Configuring Auto-Sync Range

Run the upgrade auto-sync range command to configure the auto-sync range. There are two ranges available:



chassis: Performs auto-sync on a chassis.



vsd: Performs auto-sync in the VSU system.



Configuring Auto-Sync Path for Package

Every time the system is upgraded, the package path is recorded automatically for later auto-sync upgrade. Alternatively, use the
upgrade auto-sync package command to set a path.



Configuring Auto-Sync Path for Patch

Every time the system is upgraded, the patch path is recorded automatically for later auto-sync upgrade. Alternatively, use the
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upgrade auto-sync patch command to set a path.
Verification
Run the upgrade auto-sync command to check the configuration.
Commands



Configuring Auto-Sync Policy

command

upgrade auto-sync policy [ compatible | coordinate ]

Parameter

compatible: Performs auto-synchronization based on the sequential order of versions.

Description

coordinate: Synchronizes with the version based on the firmware stored on the supervisor module.

Command

Privileged EXEX mode

Mode
Usage Guide



It is recommended to set coordinate.

Configuring Auto-Sync Range

command

upgrade auto-sync range [ chassis]

Parameter

chassis: Performs auto-sync on a chassis.

Description
Command

Privileged EXEX mode

Mode
Usage Guide



N/A

Configuring Auto-Sync Path for Package

command

upgrade auto-sync package url

Parameter

url indicates the path of the firmware in the device file system.

Description
Command

Privileged EXEX mode

Mode
Usage Guide



The path is not set generally.

Configuring Auto-Sync Path for Patch

command

upgrade auto-sync patch url

Parameter

url indicates the path of the firmware in the device file system.

Description
Command

Privileged EXEX mode

Mode
Usage Guide

The path is not set generally.

Configuration Example



Configuring Auto-Sync Policy
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Configuration

Configure the auto-sync policy.

Steps
FS# upgrade auto-sync policy coordinate
Upgrade auto-sync policy is set as coordinate
Verification

Check the auto-sync policy.
FS#show upgrade auto-sync
auto-sync policy: coordinate
auto-sync range: vsu
auto-sync package: flash:/eg1000m_main_1.0.0.0f328e91.bin



Configuring Auto-Sync Range

Configuration

Configure the auto-sync range.

Steps
FS# upgrade auto-sync range vsu
Upgrade auto-sync range is set as vsu.
Verification

Check the auto-sync range.
FS#show upgrade auto-sync
auto-sync policy: coordinate
auto-sync range: vsu
auto-sync package: flash:/eg1000m_main_1.0.0.0f328e91.bin

Common Errors
url is not valid.

19.5 Monitoring
Clearing
Description

Command

Deletes a hot patch package already

patch delete

installed.
Displaying
Description

Command

Displays all components already installed on the

show component [ slot { num | M1 | M2 | all } ]

current device and their information.
Displays the information about the hot patch

show patch [ patch _name ]

packages already installed on the device.
Displays the upgrade status of various line cards on a

show upgrade status

rack-type device.
Displays the upgrade history.
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20 Configuring Python Shell
20.1 Overview
Python is an object-oriented interpreted computer programming language. It is totally free software and its source code and
interpreternamed CPythoncomply withtheGNUGeneral PublicLicense(GPL) protocol.ThePython shell component canimplement
simple debugging and Python script execution via CLI commands. It mainly provides the following functions:




In privileged EXEC mode, you can run a Python CLI command to access the Python console to conduct debugging.
In privileged EXEC mode, you can add a file name to a Python CLI command and run the command to run the script in the flash:
and tmp: directories of the device.



The Python commands and scripts can be executed only on files in the flash: and tmp: directories due to permission control.



Highly risky functions such as popen and system functions cannot be executed in Python scripts due to permission control.

20.2 Applications
Application

Scenario

Debugging and Running a Python Script Run the copy command to copy a local Python script to the device and then run the python
flash:test.py command to run the Python script on the device.
20.2.1 Python Script Execution Application Scenario

Scenario
To debug and run a Python script, do as follows:



Compile a Python script (such as test.py) on the local PC and set up a Trivial File Transfer Protocol (TFTP) server.



Run the copy tftp://xxx.xxx.xxx.xxx/test.py flash: command to copy the script to the device.



In privileged EXEC mode, run the python flash:test.py command to run the Python script on the device.

Deployment



The PC can be pinged from the device and the TFTP server is installed on the PC.

20.3 Features
20.3.1 Python Script Debugging

Python script debugging is to test or execute a script that is to be uploaded to the device. The debugging can be performed by
accessing the Python console or copying the script to the device.
Working Principle
Open-source Python commands are actually executed regardless of which debugging method is used, and all debugging methods
are consistent with those for open-source Python commands on other platforms. The Python shell component only redirects the input
and output of open-source Python processes to the current STA.
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Run the python file_name aFSs command to debug and run the Python script.
20.3.2 Permission Control

Permission control means that Python CLI commands can be executed only on files in the flash: and tmp: directories, and the
execution of popen, system, and other highly risky functions is prohibited inside scripts.
Working Principle
Permissioncontrolis toconduct control atthe Pythoningress. Permissions arecontrolledfor Pythonscriptsexecutedon the device,to
control risks brought by Python script execution.

20.4 Monitoring
N/A

Ethernet Switching Configuration
1.

Configuring Interface

2.

Configuring Single Fiber

3.

Configuring MAC Address

4.

Configuring Aggregate Port

5.

Configuring VLAN

6.

Configuring MACVLAN

7.

Configuring Super VLAN

8.

Configuring Protocol VLAN

9.

Configuring PrivateVLAN

10.

Configuring MSTP

11.

Configuring GVRP

12.

Configuring LLDP

13.

Configuring QinQ

14.

Configuring HASH Simulator

15.

Configuring L3-PKT-COUNTERENABLE

16.

Configuring Positioning Lamp

17.

Configuring Port Module Type
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21 Configuring Interfaces
21.1 Overview
Interfaces are important in implementing data switching on network devices.FS devices support two types of interfaces: physical
ports and logical interfaces. A physical port is a hardware port on a device,such as the 100M Ethernet interface and gigabit Ethernet
interface. A logical interface is not a hardware port on the device. A logical interface, such as the loopback interface and tunnel
interface,canbe associatedwithaphysicalport or independent of anyphysical port. Fornetworkprotocols,physical portsand logical
interfaces serve the same function.

21.2 Applications
Application

Description

L2 Data SwitchingThrough the Physical

Implement Layer-2 (L2) data communication of network devices through the physical L2

Ethernet Interface

Ethernet interface.

L3 Routing Through the Physical

Implement Layer-3 (L3) data communication of network devices through the physical L3

Ethernet Interface

Ethernet interface.

21.2.1 L2 Data Switching Through the Physical Ethernet Interface

Scenario
Figure 1- 1

As shown in Figure 1- 1, Switch A, Switch B, and Switch C form a simple L2 data switching network.
Deployment



Connect Switch A to Switch B through physical ports GigabitEthernet 1/0/1 and GigabitEthernet 2/0/1.
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Connect Switch B to Switch C through physical ports GigabitEthernet 2/0/2 and GigabitEthernet 3/0/1.



Configure GigabitEthernet 1/0/1, GigabitEthernet 2/0/1, GigabitEthernet 2/0/2, and GigabitEthernet3/0/1 as Trunk ports.



Create a switch virtual interface (SVI), SVI 1, on Switch A and Switch C respectively, and configure IP addresses from a network
segment for thetwoSVIs.The IPaddress of SVI 1 on SwitchAis192.168.1.1/24, and theIPaddress of SVI 1on SwitchC is
192.168.1.2/24.



Run the ping 192.168.1.2 command on Switch A and the ping 192.168.1.1 command on Switch C to implement data
switching through SwitchB.

21.2.2 L3 Routing Through the Physical Ethernet Interface

Scenario
Figure 1- 2

As shown in Figure 1- 2, Switch A, Switch B, and Switch C form a simple L3 data communication network.
Deployment



ConnectSwitchAtoSwitchBthroughphysicalportsGigabitEthernet1/0/1andGigabitEthernet2/0/1.



Connect Switch B to Switch C through physical ports GigabitEthernet 2/0/2 and GigabitEthernet 3/0/1.



Configure GigabitEthernet 1/0/1, GigabitEthernet 2/0/1, GigabitEthernet 2/0/2, and GigabitEthernet3/0/1 as L3 routed ports.



Configure IP addresses from a network segment for GigabitEthernet 1/0/1 and GigabitEthernet 2/0/1. The IP address of
GigabitEthernet 1/0/1 is 192.168.1.1/24, and the IP address of GigabitEthernet 2/0/1 is 192.168.1.2/24.



Configure IP addresses from a network segment for GigabitEthernet 2/0/2 and GigabitEthernet 3/0/1. The IP address of
GigabitEthernet 2/0/2 is 192.168.2.1/24, and the IP address of GigabitEthernet 3/0/1 is 192.168.2.2/24.



Configure a static route entry on Switch C so that Switch C can directly access the network segment 192.168.1.0/24. Configure a
static route entry on Switch A so that Switch C can directly access the network segment 192.168.1.0/24.



Run the ping 192.168.2.2 command on Switch A and the ping 192.168.1.1 command on Switch C to implement L3 routing
through Switch B.

21.3 Features
Basic Concepts



Interface Classification

6.

Interfaces on FS devices fall into three categories:



L2 interface (Switches or gateway bridge)



L3 interface (supported by L3 devices)

7.

Common L2 interfaces are classified into the following types:
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Switch port



L2 aggregate port (AP)

8.

Common L3 interfaces are classified into the following types:



Routed port



L3 AP port



SVI



Loopback interface



Tunnel interface



Switch Port

A switch port is an individual physical port on the device, and implements only the L2 switching function. The switch port is used to
manage physical ports and L2 protocols related to physical ports.



L2 AP Port

An AP port is formed by aggregating multiple physical ports. Multiple physical links can be bound together to form a simple logical
link. This logical link is called an AP port.
For L2 switching, an AP port is equivalent to a switch port that combines bandwidths of multiple ports, thus expanding the link
bandwidth. Frames sent over the L2 APport are balanced among the L2AP member ports.If one member link fails, theL2AP port
automatically transfers the traffic on the faulty link to other member links, improving reliability of connections.



SVI

The SVI can be used as the management interface of the local device, through which the administrator can manage the device.You
can also create an SVI as a gateway interface, which is mapped to the virtual interface of eachVLAN to implement routing across
VLANsamongL3devices.YoucanruntheinterfacevlancommandtocreateanSVIandassignanIPaddresstothisinterfacetosetup
a route between VLANs.
As shown inFigure 1- 3, hosts inVLAN 20 can directlycommunicate with eachother without participation of L3 devices. If Host A in
VLAN 20 wants to communicate with Host B in VLAN 30, SVI 1 of VLAN 20 and SVI 2 of VLAN 30 must be used.
Figure 1- 3



Routed Port

A physical port on a L3 device can be configured as a routed port, which functions as the gateway interface for L3 switching. A routed
port is not related witha specificVLAN. Instead, it isjust an access port.The routed port cannot be used for L2 switching.Youcan run
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the no switchport command to change a switch port to a routed port and assign an IP address to this port to set up a route. Note that
you must delete all L2 features of a switch port before running the no switchport command.
If a port is a L2 AP member port or a DOT1X port that is not authenticated, you cannot run the switchport or no switchport
command to configure the switch port or routed port.



L3 AP Port

Like the L2 AP port, a L3 AP port is a logical port that aggregates multiple physical member ports.The aggregated ports must be the
L3ports of the same type. The AP port functions as agateway interface forL3 switching. Multiplephysical links arecombined into one
logical link, expanding the bandwidth of a link. Frames sent over the L3 AP port are balanced among the L3 AP member ports. If one
member link fails, the L3 AP port automatically transfers the traffic on the faulty link to other member links, improving reliability of
connections.
A L3 AP port cannot be used for L2 switching.Youcan run the no switchport command to change a L2 AP port that does not contain
any member port into a L3 AP port, add multiple routed ports to this L3 AP port, and then assign an IP address to this L3 AP port to set
up a route.



Loopback Interface

TheloopbackinterfaceisalocalL3logicalinterfacesimulatedbythesoftwarethatisalwaysUP.Packetssenttotheloopbackinterface
are processed on the device locally, including the route information. The IP address of the loopback interface can be used as the
device ID of the Open Shortest Path First (OSPF) routing protocol, or as the source address used by Border Gateway Protocol (BGP) to
set up a TCP connection. The procedure for configuring a loopback interface is similar to that for configuring an Ethernet interface,
and you can treat the loopback interface as a virtual Ethernet interface.



Tunnel Interface

TheTunnel interfaceimplements the tunnel function. Over theTunnel interface, transmission protocols(e.g., IP) can be used to
transmitpacketsof any protocol.Likeother logical interfaces,the tunnelinterfaceisalsoavirtual interfaceof thesystem. Insteadof
specifying any transmission protocol or load protocol, thetunnel interface provides a standard point-to-point (P2P) transmission
mode. Therefore, a tunnel interface must be configured for every individual link.
Overview
Feature

Description

Interface Configuration

You can configure interface-related attributes in interface configuration mode. If you enter

Commands

interface configuration mode of a non-existing logical interface, the interface will be created.

Interface Description and

Youcan configure a name for an interface to identify the interface and help you remember the

Administrative Status

functions of the interface.
You can also configure the administrative status of the interface.

MTU

You can configure the maximum transmission unit (MTU) of a port to limit the length of a frame
that can be received or sent over this port.

Bandwidth

You can configure the bandwidth of an interface.

Load Interval

You can specify the interval for load calculation of an interface.

Carrier Delay

Youcan configure the carrier delay of an interface to adjust the delay after which the status of an
interface changes from Down to Up or from Up to Down.

Link Trap Policy

You can enable or disable the link trap function on an interface.

Interface Index Persistence

You can enable the interface index persistence function so that the interface index remains
unchanged after the device is restarted.
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Feature

Description

Routed Port

Youcan configure a physical port on a L3 device as a routed port, which functions as the gateway
interface for L3 switching.

L3 AP Port

You can configure an AP port on a L3 device as a L3 AP port, which functions as the gateway
interface for L3 switching.

Interface Speed, Duplex Mode,

Youcan configure the speed, duplex mode, flow control mode, and auto negotiation mode of an

FlowControlMode,and Auto

interface.

Negotiation Mode
Automatic Module Detection

If the interfacespeed issetto auto, the interface speed canbe automatically adjustedbased on the
type of the inserted module.

Protected Port

Youcanconfiguresomeportsas protectedportstodisablecommunicationbetween theseports.
You can also disable routing between protected ports.

Port Errdisable Recovery

After a port is shut down due to a violation, you can run the errdisable recovery command in
global configuration mode to recover all the ports in errdisable state and enable these ports.

Port Flapping Protection

Youcan configure the port flapping protection function so that the system can automatically shut
down the port when flapping occurs on the port.

21.3.1 Interface Configuration Commands

Run the interfacecommand in global configuration mode toenter interfaceconfiguration mode. Youcan configure interface-related
attributes in interface configuration mode.
Working Principle
Run the interface command in global configuration mode to enter interface configuration mode. If you enter interface configuration
mode of a non-existing logical interface, the interface will be created.Youcan also run the interface range or interface range macro
command in global configuration mode to configure the range (IDs) of interfaces. Interfaces defined in the same range must be of the
same type and have the same features.
You can run the no interface command in global configuration mode to delete a specified logical interface.

 Interface Numbering Rules
In stand-alone mode, the ID of a physical port consists of two parts: slot ID and port ID on the slot. For example, if the slot ID of the
port is 2, and port ID on the slot is 3, the interface ID is 2/3.
The slot number rules are as follows:The static slot ID is 0, whereas the ID of a dynamic slot (pluggable module or line card) ranges
from 1 to the number of slots. Assume that you are facing the device panel. Dynamic slot are numbered from 1 sequentially from front
to rear, from left to right, and from top to bottom.
The ID of a port on the slot ranges from 1 to the number of ports on the slot, and is numbered sequentially from left to right.
The ID of an AP port ranges from 1 to the number of AP ports supported by the device.
The ID of an SVI is the VID of the VLAN corresponding to this SVI.



Configuring Interfaces Within a Range
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Youcan run the interface range command in global configuration mode to configure multiple interfaces at a time. Attributes
configured in interface configuration mode apply to all these interfaces.
The interface range command can be used to specify several interface ranges.
The macro parameter is used to configure the macro corresponding to a range. For details, see "Configuring Macros of Interface
Ranges."
Ranges can be separated by commas (,).
The types of interfaces within all ranges specified in a command must be the same.
Pay attention to the format of the range parameter when you run the interface range command.
The following interface range formats are valid:



FastEthernet device/slot/{first port} - {last port};



GigabitEthernet device/slot/{first port} - {last port};



TenGigabitEthernet device/slot/{first port} - {last port};



FortyGigabitEthernet device/slot/{first port} - {last port};



AggregatePort Aggregate-port ID (The AP ID ranges from 1 to the maximum number of AP ports supported by the device.)



vlan vlan-ID-vlan-ID (The VLAN ID ranges from 1 to 4,094.)



Loopback loopback-ID (The loopback ID ranges from 1 to 2,147,483,647.)



Tunnel tunnel-ID (The tunnel ID ranges from 0 to the maximum number of tunnel interfaces supported by the deviceminus 1.)

Interfaces in an interface range must be of the same type, namely, FastEthernet or GigabitEthernet.



Configuring Macros of Interface Ranges

Youcandefinesomemacrostoreplacetheinterfaceranges.Beforeusingthemacroparameterintheinterfacerangecommand,you
must first run the define interface-range command in global configuration mode to define these macros.
Run the no define interface-range macro_name command in global configuration mode to delete the configured macros.
21.3.2 Interface Description and Administrative Status

Youcan configure a name for an interface to identify the interface and help you remember the functions of the interface.
You can enter interface configuration mode to enable or disable an interface.
Working Principle



Interface Description

Youcan configure the name of an interface based on the purpose of the interface.Forexample, ifyou want toassign GigabitEthernet
1/1 for exclusive use by user A, you can describe the interface as "Port for User A."



Interface Administrative Status

Youcan configure the administrative status of an interface to disable the interface as required. If the interface is disabled, no frame
will be received or sent on this interface, and the interface willloss all its functions.Youcan enable a disabled interface by configuring
theadministrativestatusof theinterface.Two types of interface administrative statusare defined: Up and Down.The administrative
status of an interface is Down when the interface is disabled, and Up when the interface is enabled.
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21.3.3 MTU

Youcan configure the MTU of a port to limit the length of a frame that can be received or sent over this port. Some chips do not
support interface-based MTU configuration, but support only the global Ethernet interface-based MTU.
Working Principle
WhenalaFSeamountofdataisexchangedoveraport,framesgreaterthanthestandardEthernetframemayexist.Thistypeofframe
is called jumbo frame. The MTU is the length of the valid data segment in a frame. It does not include the Ethernet encapsulation
overhead.
If a port receives or sends a frame with a length greater than the MTU, this frame will be discarded.
The MTU ranges from 64 bytes to 9,216 bytes, at a step of four bytes. The default MTU is 1500 bytes.
The mtu command takes effect only on a physical or AP port.
21.3.4 Bandwidth

Working Principle
The bandwidthcommand canbe configured so that somerouting protocols(forexample, OSPF) cancalculatethe routemetricand
the Resource Reservation Protocol (RSVP) can calculate the reserved bandwidth. Modifying the interface bandwidth will not affect the
data transmission rate of the physical port.
The bandwidth command is a routing parameter, and does not affect the bandwidth of a physical link.
21.3.5 LoadInterval

WorkingPrinciple
You can run the load-interval command to specify the interval for load calculation of an interface. Generally, the interval is 10s.
21.3.6 Carrier Delay

WorkingPrinciple
The carrier delay refers to the delay after which the data carrier detect (DCD) signal changes from Down to Up or fromUp to Down. If
the DCD status changes during the delay, the system will ignore this change to avoid negotiation at the upper data link layer.If this
parameter is set toa great value, nearly every DCD change is not detected. On the contrary, if the parameter is set to 0, every DCD
signal change will be detected, resulting in poor stability.
IftheDCDcarrier isinterruptedfor alongtime, thecarrierdelay shouldbeset toasmallervalue toaccelerateconveFSenceof
the topology or route. On the contrary, if the DCD carrier interruption time is shorter than the topology or route conveFSence
time, the carrier delay should be set to a greater value to avoid topology or route flapping.
21.3.7 Link Trap Policy

You can enable or disable the link trap function on an interface.
Working Principle
Whenthelinktrapfunctiononaninterfaceisenabled, theSimpleNetworkManagement Protocol(SNMP)sends linktrapswhen the
link status changes on the interface.
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21.3.8 Interface Index Persistence

Like the interface name, the interface index also identifies an interface. When an interface is created, the system automatically assigns
a unique index to the interface.The index of an interface may change after the device is restarted. Youcan enable the interface index
persistence function so that the interface index remains unchanged after the device is restarted.
Working Principle
After interface index persistence is enabled, the interface index remains unchanged after the device is restarted.
21.3.9 Routed Port

Working Principle
A physical port on a L3 device can be configured as a routed port, which functions as the gateway interface for L3 switching. The
routed port cannot be used for L2 switching. Youcan run the no switchport command to change a switch port to a routed port and
assign an IP address to this port to set up a route. Note that you must delete all L2 features of a switch port before running the no
switchport command.
21.3.10 L3 AP Port

Working Principle
Like a L3 routed port, you can run the no switchport command to change a L2 AP port into a L3 AP port on a L3 device, and then
assign an IP address to this AP port to set up a route. Note that you must delete all L2 features of the AP port before running the no
switchport command.
A L2 AP port with one or more member ports cannot be configured as a L3 AP port. Similarly, a L3 AP port with one or more
member ports cannot be changed to a L2 AP port.
21.3.11 Interface Speed, Duplex Mode, Flow Control Mode, and Auto Negotiation Mode

Youcan configure the interface speed, duplex mode, flow control mode, and auto negotiation mode of an Ethernet physical port or
AP port.
Working Principle



Speed

Generally, the speed of an Ethernet physical port is determined through negotiation withthe peer device.The negotiated speed can
beany speed withinthe interfacecapability.Youcan alsoconfigure any speed withinthe interface capabilityforthe Ethernet physical
port.
When you configure the speed of an AP port, the configuration takes effect on all of its member ports. (All these member ports are
Ethernet physical ports.)



Duplex Mode



The duplex mode of an Ethernet physical port or AP port can be configured as follows:



Set the duplex mode of the interface to full-duplex so that the interface can receive packets while sending packets.



Set the duplex mode of the interface to half-duplex so that the interface can receive or send packets at a time.
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Set the duplex mode of the interface to auto-negotiation so that the duplex mode of the interface is determined through auto
negotiation between the local interface and peer interface.



When you configure the duplex mode of an AP port, the configuration takes effect on all of its member ports. (All these member

ports are Ethernet physical ports.)



Flow Control

Two flow control modes are defined for an interface:



Symmetricflowcontrolmode:Generally,afterflowcontrolisenabledonaninterface,theinterfaceprocessesthereceivedflow
controlframes,and sends theflowcontrolframeswhen congestion occursonthe interface.The receivedand sentflowcontrol
frames are processed in the same way. This is called symmetric flow control mode.



Asymmetricflowcontrolmode:Insomecases,aninterfaceonadeviceisexpectedtoprocessthereceivedflowcontrolframes
to ensure that no packet is discarded due to congestion, and not to send the flow control frames to avoid decreasing the
network speed. In thiscase, you need toconfigure asymmetricflowcontrol mode to separatethe procedure for receiving flow
control frames from the procedure for sending flow control frames.



When you configure the flow control mode of an AP port, the configuration takes effect on all of its member ports. (All these
member ports are Ethernet physical ports.)

As shown in Figure 1- 4, Port A of the device is an uplink port, and Ports B, C and D are downlink ports. Assume that Port A is enabled
withthe functions of sending and receiving flow control frames. Port B and Port C are connected to different slow networks. If a laFSe
amount of data is sent on Port B and Port C, Port B and Port C will be congested, and consequently congestion occurs in the inbound
directionof Port A.Therefore, Port Asendsflowcontrolframes.Whentheuplink deviceresponds totheflowcontrolframes,it reduces
the data flow sent to Port A, which indirectly slows down the network speed on Port D. At this time, you can disable the function of
sending flow control frames on Port A to ensure the bandwidth usage of the entire network.
Figure 1- 4



Auto Negotiation Mode



The auto negotiation mode of an interface can be On or Off. The auto negotiation state of an interface is not completely
equivalent to the auto negotiation mode. The auto negotiation state of an interface is jointly determined by the interface speed,
duplex mode, flow control mode, and auto negotiation mode.



When you configure the auto negotiation mode of an AP port, the configuration takes effect on all of its member ports. (All
these member ports are Ethernet physical ports.)
Generally, if one of the interface speed, duplex mode, and flow control mode is set to auto, or the auto negotiation mode of an
interface is On, the auto negotiation state of the interface is On, that is, the auto negotiation function of the interface is enabled.
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If none of the interface speed, duplex mode, and flow control mode is set to auto, and the auto negotiation mode of an
interface is Off, the auto negotiation state of the interface is Off, that is, the auto negotiation function of the interface is
disabled.
For a 100M fiber port, the auto negotiation function is always disabled, that is, the auto negotiation state of a 100M fiber port is
always Off. For a Gigabit copper port, the auto negotiation function is always enabled, that is, the auto negotiation state of a
Gigabit copper port is always On.
21.3.12 Automatic Module Detection

If the interface speed is set to auto, the interface speed can be automatically adjusted based on the type of the inserted module.
Working Principle
Currently,theautomaticmoduledetectionfunctioncanbeusedtodetectonlytheSFPandSFP+modules.TheSFPisaGigabit
module, whereasSFP+isa10 Gigabitmodule.IftheinsertedmoduleisSFP,theinterfaceworksinGigabitmode. Iftheinserted
module is SFP+, the interface works in 10 Gigabit mode.
The automatic module detection function takes effect only when the interface speed is set to auto.
21.3.13 Protected Port

Insomeapplicationenvironments,itisrequired thatcommunication bedisabled between someports.Forthispurpose, youcan
configure some ports as protected ports. You can also disable routing between protected ports.
Working Principle



Protected Port

After ports are configured as protected ports, protected ports cannot communicate with each other, but can communicate with
non-protected ports.
Protected ports work in either of the two modes. In the first mode, L2 switching is blocked but routing is allowed between protected
ports. In the second mode, both L2 switching and routing are blocked between protected ports. If a protected port supports both
modes, the first mode is used by default.
When two protected port are configured as a pair of mirroring ports, frames sent or received by the source port can be mirrored to the
destination port.
Currently,only an Ethernet physical port or AP port can be configured as a protected port. When an AP port is configured as a
protected port, all of its member ports are configured as protected ports.



Blocking L3 Routing Between Protected Ports

By default, L3 routing between protectedports is not blocked. In this case, you can runthe protected-ports route-deny command to
block routing between protected ports.
21.3.14 Port Errdisable Recovery

Some protocols support the port errdisable recovery function to ensure security and stability of the network. For example, in the port
security protocol, when you enable port security and configure the maximum number of security addresses on the port, a port
violation event is generated if thenumber of addresses learned on this port exceeds the maximum number of security addresses.
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Other protocols, such as the Spanning Tree Protocol (STP), DOT1X and REUP, support the similar functions, and a violating port will be
automatically shut down to ensure security.
Working Principle
After a port is shut down due to a violation, you can run the errdisable recovery command in global configuration mode to recovery
all theports inerrdisable stateand enable theseports.Youcan manuallyrecover a port, or automaticallyrecover a port at a scheduled
time. On some models, you can run the shutdown or no shutdown command to recover all the ports inerrdisable state and enable
these ports.
21.3.15 SplitandCombinationofthe100GPort

Working Principle
For example, the 100G Ethernet port is a high-bandwidthport. It is mainlyused on devices at the conveFSence layer or corelayer to
increase the port bandwidth. Port split means that a high-bandwidth port is split into multiple low-bandwidth ports. At this time, the
100G port becomes unavailable, and the low-bandwidth ports forward data independently. Port combination means that multiple
low-bandwidth ports are combined into a 100G port. At this time, the low-bandwidth ports become unavailable, and only the 100G
port forwards data. You can flexibly adjust the bandwidth by combining or splitting ports.
21.3.16 SVI or Sub-Interface Sampling

Bydefault,theSVIorsub-interfacedoesnot supportpacketstatistics.Information,suchasthenumberofpacketsreceivedorsenton
theSVIorsub-interfaceandthepacketsending/receivingrate,cannot bedisplayed.YoucanenableSVIorsub-interfacesamplingto
display thesestatistics.
21.3.17 Enabling Statistics of IP Packets on Interfaces

By default, statistics of IP packets is disabled on physical ports, APs, and sub-interfaces. But by running the show interface
interface-type interface-number command, you can enable statistics of IP packets and to display numbers and rates of input and
output IP packets.
This feature is not supported on all models.
Related Configuration

 Enabling Statistics of IP Packets on Interfaces
By default, statistics of IP packets are disabled.
In interface configuration mode, use the ip-sample enable command to enable statistics of IP packets on interfaces.
In interface configuration mode, use the ip-sample enable brief command to enable statistics of IP packets on interfaces. The brief
parameter indicates that the IP packets including unicast and multicast are counted.
21.3.18 Port Flapping Protection

Whenflapping occurson a port, a lot of hardwareinterruptions occur,consuming a lotof CPU resources.On the other hand, frequent
port flapping damages the port. You can configure the flapping protection function to protect ports.
Working Principle
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By default, the port flapping protection function is enabled. Youcan disable this function as required. When flapping occurs on a port,
the port detects flapping every 2s or 10s. If flapping occurs six times within 2s on a port, the device displays a prompt. If 10 prompts
are displayed continuously, that is, port flapping is detected continuously within 20s, the port is shut down(the violation cause shows
Link Dither). If flapping occurs 10 times within 10s on a port, the device displays a prompt without shutting down the port.
21.3.19 Syslog

You can enable or disable the syslog function to determine whether to display information about the interface changes or exceptions.
Working Principle
Youcanenableordisablethesyslogfunctionasrequired.Bydefault,thisfunctionisenabled.Whenaninterfacebecomesabnormal,
forexample,theinterfacestatuschanges,ortheinterfacereceiveserrorframes,orflapping occurs,thesystemdisplayspromptsto
notify users.
21.3.20 Global MTU

Users can set the global MTU to control the maximum length of frames that can be sent and received over all ports.
Working Principle
When laFSe-throughput data exchange is performed over a port, frames whose length is longer than that of a standard Ethernet
framemayexist,and theseframesarecalledjumbo frames.TheMTUindicatesthelengthof validdatafieldsinaframe,excluding the
Ethernet encapsulation overhead.
If the length of a frame received or forwarded by a port exceeds the MTU value, the frame will be discarded.
TheMTUvaluerangesfrom64to9216 bytes.Thegranularityisfourbytes.Thedefaultvalueis1500bytes.
The IP MTU automatically changes to the value of the link MTU of an interface when the globally set link MTU changes.
TheMTUofaninterfacetakesprecedenceovertheglobalMTU.AftertheglobalMTUisconfigured, theMTUofaninterface
cannot be set to the default value.
21.3.21 Interface MAC Address

Working Principle
By default, each Ethernet interface has a globally unique MAC address. The MAC addresses of Ethernet interfaces can be modified if
required. However, MAC addresses in the same LAN must be unique.
To configure the MAC address of an Ethernet interface, run the mac-address command in interface configuration mode:
Configuration of MAC addresses may affect internal communication in a LAN. Therefore, it is recommended that users do not
configure MAC addresses by themselves if unnecessary.
Related Configuration



Configuring MAC Addresses for Interfaces

By default, each interface has a globally unique MAC address.
You can run the mac-address mac-address command in interface configuration mode to modify the MAC address of an interface.
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21.3.22 VLAN Encapsulation Flag on Interfaces

Working Principle
Virtual local areanetwork(VLAN) isa logicalnetworkdivided on aphysical networkand corresponds tothelayer-2networkinthe ISO
model. In 1999, IEEE released the 802.1Q protocol draft for standardizing the VLAN implementation solution.
TheVLANtechnologyenablesthenetworkadministratortodivideaphysicalLANintomultiplebroadcastdomains(orVLANs).Each
VLANcontainsagroupof workstationswiththesamerequirementsandeachVLAN hasthesameattributesasthephysicalLAN.As
VLANs are logically divided, workstations in the same VLAN do not need to be placed in the same physical space, that is, these
workstationsmay belong todifferent physical LAN network segments. Multicastand unicast trafficin aVLAN will not be forwarded to
otherVLANs.Thishelpscontroltraffic,reducedeviceinvestment,simplifynetworkmanagement,andimprovethenetworksecurity.
VLANisaprotocol usedtosolveEthernetbroadcastand securityproblems.During packettransmission, aVLAN headerisaddedto
Ethernet frames. In addition, VLAN IDs are used to classify users to different work groups to restrict layer-2 exchange between users in
differentworkgroups.Each workgroup isaVLAN.VLANs canbe usedtorestrictthe broadcast scopeand formvirtual workgroups to
manage networks dynamically.
ToensurecommunicationwithhostsinaVLAN,userscanconfigurethe802.1Q(VLANprotocol)VLANencapsulation flagon the
Ethernet interface or sub-interface. In this case, when packets are sent over the Ethernet interface, the corresponding VLAN header
will be encapsulated. When packets are received, the VLAN header will be deleted from the packet.
Related Configuration



Configuring the VLAN Encapsulation Flag for Interfaces

By default, the 802.1Q encapsulation protocol is disabled for interfaces.
You can run the encapsulation dot1Q VlanID command in interface mode for 802.1Q encapsulation for an interface. VlanID
indicates the encapsulated VLAN ID.
21.3.23 Interface FEC Mode

Working Principle
ForwardErrorCorrection(FEC)isanerrorcodecorrectionmethodemployingthefollowingworkingprinciple:Thesenderaddsa
redundancy error-correcting code to the data for sending. The receiver performs error detection on the data based on the
error-correcting code. If an error is found, the receiver corrects the error. FEC improves signal quality but also causes signal delay.
Users can enable or disable this function according to the actual situation.
There are three types of FEC modes: BASE-R mode, RS mode and Auto mode. Different types of ports support different FEC modes,
which depends on the specific product.
Related Configuration



Configuring Interface FEC Mode

By default, FEC mode is related withthe port type and depends on the product model. And whether the FEC mode is enabled or
disabled on a port is determined by the inserted optical module and rate.
Run the fec mode {rs | base-r | none | auto} command in interface mode to configure the FEC mode on an interface.
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21.3.24 Statistics Sampling Cycle on Ethernet Ports

Working Principle
ThedefaultstatisticssamplingcycleofEthernetportsis5seconds,whichmeansthattheinterfacestatisticsareupdatedevery5
seconds. In scenarios with high requirements for real-time statistics, you can prolong the sampling cycle.
A shorter sampling cycle indicates higher system performance consumption. Therefore, the sampling cycle must be adjusted as
required. If the number of physical port exceeds 500, it is recommended to set the sampling cycle to over 10s.
Related Configuration



Configuring Statistics Sampling Cycle on Ethernet Ports

The default statistics sampling cycle of Ethernet ports is 5 seconds.
Runtheethernet-portcounter sample-period[seconds]command inglobal configuration modetoadjust thesamplingcycleon
Ethernet ports.
21.3.25 Statistics Sampling Cycleon Ethernet Sub-Ports

Working Principle
The default statistics sampling cycle of Ethernet sub-ports is 5 seconds, which means that the interface statistics are updated every 5
seconds. In scenarios with high requirements for real-time statistics, you can prolong the sampling cycle.
Ashortersampling cycleindicateshighersystemperformance consumption.Therefore,thesamplingcyclemustbeadjustedas
required.
Related Configuration



Configuring Statistics Sampling Cycleon Ethernet Sub-Ports

The default statistics sampling cycle of Ethernet sub-ports is 5 seconds.
Run the ethernet-subport counter route-sample-period [ seconds ] command in global configuration mode to adjust the sampling
cycle on Ethernet sub-ports.

21.3.26 Enhanced Name Display for Interfaces in the Standard MIB Node

Working Principle
By default, the interface name in the standard MIB node and syslog of port status and LACP status contain the space, and the ifName
node shows the short name of the interface. After enhanced name display is enabled, no space is contained, and the full name of the
interface is shown. The involved standard MIB modes include but are not limited to ifDescr and ifName nodes.
Related Configuration



Enabling Enhanced Name Display for Interfaces in the Standard MIB Node

By default, the interface name in the standard MIB node contains the space, and the ifName node shows the short name of the
interface.
Run the snmp-server if-name enhance global configuration command to enhance name display for interfaces.
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21.3.27 Including the Interframe Gap in the Flow Statistics

Working Principle
By default, the interframe gap is not counted in the flow statistics. You can enable including of interframe gap in the flow statistics, if
you want to view the flow statistics at the physical layer, which contains the number of bytes of packets and the interframe gap.
After this feature is enabled, the size of the interframe gap is fixed, which is 20 bytes. (The interframe gap is 12-byte and the
preamble is 8-byte.)
Related Configuration



Including the Interframe Gap in the Flow Statistics

By default, the interframe gap is not counted in the flow statistics.
Run the flow-statistics include-interframe enable global configuration command to include the interframe gap in the flow
statistics.

21.4 Limitations



Optical ports do not support the speed of 100 Mbps.



10G optical port: When a 10G optical transceiver is inserted into a 10G optical port, the auto-negotiation mode is disabled.
When a 1000M optical transceiver is inserted into a 10G optical port, the auto-negotiation mode is enabled by default.



40G optical port: When an optical transceiver is inserted into a 40G optical port, the auto-negotiation mode is disabled.
When a copper cable is connected to a 40G optical port, the auto-negotiation mode is enabled.



The MTU is converted into a packet length for calculation in chips. The converted packet length used for calculation is 26
bytes (including a 14-byte Ethernet header, a 4-byte FCS, and two tags) greater than the configured MTU.



Whenmodeswitchingisconfiguredon25GportsoftheN5860/N8560/NC8200 (portspeed-mode10G/25G),themodesof
four consecutive ports of the configured port are changed at the same time, and no speed can be configured for the 25G
ports.



Ensurethat theIPMTU,IPv6MTU,andlinkMTUoflayer-3interfacesaresetproperlyand theIP/IPv6MTUisnot greaterthan
the interface MTU. Layer-3 interfaces include routing ports, layer-3 APs, and SVIs.

21.5 Configuration
Configuration
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Configuration

Description and Command
(Optional)Itisusedtomanageinterfaceconfigurations,forexample,creating/deletingan
interface, or configuring the interface description.
interface
interface range
define interface-range
snmp-server if-index persist

Performing Basic
Configurations

description

Creates an interface and enters configuration mode of the
created interface or a specified interface.
Enters an interface range, creates these interfaces (if not
created), and enters interface configuration mode.
Creates a macro to specify an interface range.
Enables the interface index persistence function so that the
interface index remains unchanged after the device is restarted.
Configures the interface description of up to 80 characters in
interface configuration mode.

snmp trap link-status

Configures whether to send the link traps of the interface.

shutdown

Shuts down an interface in interface configuration mode.

split interface

Splits a 40G port in global configuration mode.

split compatible mode
physical-port dither protect
physical-port dither period
logging [link-updown |
error-frame | link-dither |
res-lack-frame]

Configures the compatible naming mode for split member ports
in global configuration mode.
Configures interface flapping protection in global configuration
mode.
Configures port oscillation detection.
Enables logging of statusinformation on an interfacein global
configuration mode.

(Optional) It is used to configure interface attributes.
bandwidth
carrier-delay

Configuring Interface
Attributes

Configures the bandwidth of an interface in interface
configuration mode.
Configures the carrier delay of an interface in interface
configuration mode.

load-interval

Configures the interval for load calculation of an interface.

duplex

Configures the duplex mode of an interface.

flowcontrol

Enables or disables flow control of an interface.

mtu

Configures the MTU of an interface.

ethernet-port mtu

Configures the MTU of Ethernet interfaces globally.

negotiation mode

Configures the auto negotiation mode of an interface.

speed

Configures the speed of an interface.

port speed-mode

Configures the speed mode for a 25G port.
Configures an interface as a L2 interface in interface

switchport

configurationmode. (Runthenoswitchportcommandto
configure an interface as a L3 interface.)

switchport protected
protected-ports route-deny
errdisable recovery [cause
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Configuration

Description and Command
link-state]
route-sample enable

or privileged EXEC mode.
Enables the sampling function of a SVI/subinterface in interface
configuration mode.

mtu forwarding

Sets the global MTU and IP MTU.

mac-address

Sets the MAC address of an interface.

encapsulation dot1Q

Sets the VLAN tag for an interface.

fec mode

Configures the FEC mode for an interface.

ethernet-port counter
sample-period
ethernet-subport

Configures the statistics sampling period for an Ethernet port.
Configures statistics sampling cycle on Ethernet sub-ports.

counter route-sample-period
snmp-server if-name enhance

Configures enhanced name display for interfaces in the standard
MIB node and syslog of port status and LACP status.

flow-statistics

Includes the interframe gap in the flow statistics.

include-interframe enable
21.5.1 Performing Basic Configurations

Configuration Effect



Create a specified logical interface and enter configuration mode of this interface,or enter configuration mode of an existing
physical or logical interface.



Create multiplespecified logical interfaces and enter interface configuration mode, or enter configuration mode of multiple
existing physical or logical interfaces.



The interface indexes remain unchanged after the device is restarted.



Configure the interface description so that users can directly learn information about the interface.



Enable or disable the link trap function of an interface.



Enable or disable an interface.



Split a 100G port or combine four 25G ports into a 100G port.

Notes



The no formof the command can be used to delete a specified logical interface or logical interfaces in a specified range, but
cannot be used to delete a physical port or physical ports in a specified range.



The default formof the command can be used in interfaceconfiguration mode to restoredefault settings of a specified physical
or logical interface, or interfaces in a specified range.

Configuration Steps



Configuring a Specified Interface



Optional.



Run this command to create a logical interface or enter configuration mode of a physical port or an existing logical interface.

Command
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Parameter

interface-type interface-number: Indicates thetype and number of the interface.The interface can be an Ethernet

Description

physical port, AP port, SVI, or loopback interface.

Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide



If a logical interface is not created yet, run this command to create thisinterface and enter configuration mode
of this interface.



For a physical port or an existing logical interface, run this command to enter configuration mode of this
interface.



Use the no form of the command to delete a specified logical interface.



Use the default form of the command to restore default settings of the interface in interface configuration
mode.



Configuring Interfaces Within a Range



Optional.



Run this command to create multiple logical interfaces or enter configuration mode of multiple physical port or existing logical
interfaces.

Command

interface range { port-range | macro macro_name }

Parameter

port-range: Indicates the type and ID range of interfaces. These interfaces can be Ethernet physical ports, AP ports,

Description

SVIs, or loopback interfaces.
macro_name: Indicates the name of the interface range macro.

Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide



Iflogicalinterfacesarenot createdyet, runthiscommand tocreatetheseinterfacesand enterinterface
configuration mode.



Formultiple physical ports or existinglogical interfaces,run thiscommand to enter interfaceconfiguration
mode.



Use the default form of the command to restore default settings of these interfaces in interface configuration
mode.



Beforeusingamacro,runthedefineinterface-rangecommandtodefine theinterfacerange asamacroname
in global configuration mode, and then run the interface range macro macro_name command to apply the
macro.



Configuring Interface Index Persistence



Optional.



Run this command when the interface indexes must remain unchanged after the device is restarted.

Command

snmp-server if-index persist

Parameter

N/A

Description
Defaults

By default, interface index persistence is disabled.

Command

Global configuration mode

Mode
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Usage Guide

After this command is executed, current indexes of all interfaces will be saved, and the indexes remain unchanged
after the device is restarted. Youcan use the no or default form of the command to disable the interface index
persistence function.



Configuring the Description of an Interface



Optional.



Run this command to configure the description of an interface.

Command

description string

Parameter

string: Indicates a string of up to 80 characters.

Description
Defaults

By default, no description is configured.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to configure the description of an interface. You can use the no or default form of the
command to delete the description of an interface.-



Configuring the Link Trap Function of an Interface



Optional.



Run this command to obtain the link traps through SNMP.

Command

snmp trap link-status

Parameter

N/A

Description
Defaults

By default, the link trap function is enabled.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to configure the link trap function on an interface.When this function is enabled, the SNMP
sends link traps when the link status changes on the interface.Youcan use the no or default form of the command
to disable the link trap function.



Configuring the Administrative Status of an Interface



Optional.



Run this command to enable or disable an interface.



An interface cannot send or receive packets after it is disabled.

Command

shutdown

Parameter

N/A

Description
Defaults

By default, the administrative status of an interface is Up.

Command

Interface configuration mode

Mode
Usage Guide

Youcan run the shutdown command to disable an interface, or the no shutdown command to enable an interface.
You can use the no or default form of the command to enable the interface.
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According to the product model, when the port is in the errdisable state, there are two possible cases:
1. The no shutdown command cannot be run on the port.
2. The errdisbale ports can be recovered by running the shutdown commands in the following sequence: 1.
shutdown, 2. no shutdown.



Splitting or Combining Ports



Optional.



Run this command to split a high-bandwidth port or combine multiple low-bandwidth ports into a high-bandwidth port.

Command

[no] split interface interface-type interface-number [ split-type split-type ]

Parameter

interface-type interface-number: Indicates the type and number of a port.

Description

split-type: Indicates the split type, for example, 4x25G, 4x10G and 2x50G.

Defaults

By default, the ports are combined.

Command

Global configuration mode

Mode
Usage Guide

Youcan run the split command to split a 40G/100G port, or the no split command tocombine the split 40G/100G
port.
After this command is configured, you generally need to restart the line card or the entire device so that the
configuration can take effect.



Configuring the Compatible Naming Mode for Split Member ports



Optional.



Configure the compatible naming mode for split member ports.

Command

[no] split compatible mode

Parameter

N/A

Description
Defaults

By default, the compatible naming mode is disabled.

Command

Global configuration mode

Mode
Usage Guide

The configuration takes effect after a device restart. After the device restart, the split member ports will lose their
original configurations and need to be re-configured.
Before the configuration takes effect, the port ID in a split member port's name is in the format of slot ID/port
ID:split member port ID (for example: FortyGigabitEthernet 0/54:4) by default.
After the configuration takes effect, the port ID is in the format of slot ID/port ID/split member port ID (for
example: FortyGigabitEthernet 0/54/4).
In VSU mode, this command is not supported and the configuration will not take effect.



Configuring the SVI or Sub-Interface Sampling Function



Optional.



Run this command to enable the SVI or sub-interface sampling function.

Command

[no] route-sample enable

Parameter

N/A
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Description
Defaults

By default, the SVI or sub-interface does not support sampling.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring IP Packets Statistics on Interface



Optional.



Run this command to enable statistics of IP packets on interfaces.

Command

[ no ] route-sample enable [ brief ]

Parameter

brief: Indicates that the IP packets including unicast and multicast are counted.

Description
Defaults

By default, statistics of IP packets on interfaces is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring Port Flapping Protection



Optional.



Run this command to protect the port against flapping.

Command

physical-port dither protect

Parameter

N/A

Description
Defaults

By default, port flapping protection is enabled.

Command

Global configuration mode

Mode
Usage Guide

N/A



Configuring Oscillation Detection



Optional.



Run this command to detect port oscillations.

Command

physical-port dither period seconds threshold number period-times times

Parameter

seconds: Specifies the duration of a period in the unit of second ranging from 2 to 60.

Description

number: Specifies the amount of detected flapping for a period. Once the configured value is reached for certain
consecutive periods, operations may be taken against the port. The configurable value is from 5 to 10.
times: Specifies the number of successive periods for which the threshold is reached. Youcan choose any number from1
to 10.

Defaults

The default value of seconds is 2, threshold 6, and period times 10.

Command

Global configuration mode

Mode
Usage Guide
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Configuring the Syslog Function



Optional.



Run this command to enable or disable the syslog function on an interface.

Command

[no] logging [link-updown | error-frame | link-dither | res-lack-frame | crc-frame ]

Parameter

link-updown: prints the status change information.

Description

error-frame: prints the error frame information.
link-dither: prints the port flapping information.
res-lack-frame: prints the error frame information received by an inteface due to lack of resource.
crc-frame: prints information indicating CRC failures.

Defaults

By default, the syslog function is enabled on an interface.

Command

Global configuration mode

Mode
Usage Guide

N/A



Enabling Enhanced Name Display for Interfaces in the Standard MIB Node



Optional.



Run thiscommand toenable or disable enhanced name displayfor interfacesinthestandard MIBmode and syslog of port
status and LACPstatus.

Command

[no | default] snmp-server if-name enhance

Parameter

N/A

Description
Defaults

By default, name display for interfaces in the standard MIB node and syslog of port status and LACP status is not
enhanced.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Configuring a Specified Interface



Run the interface command. If you can enter interface configuration mode, the configuration is successful.



Foralogicalinterface,afterthenointerfacecommandisexecuted,runtheshowrunningorshowinterfacescommandto
check whether the logical interface exists. If not, the logical interface is deleted.



After the default interface command is executed, run the show running command tocheck whether the default settings of
the corresponding interface are restored. If yes, the operation is successful.



Configuring Interfaces Within a Range



Run the interface range command. If you can enter interface configuration mode, the configuration is successful.



Afterthe default interface range command is executed, run the show running command to checkwhether thedefault
settings of the corresponding interfaces are restored. If yes, the operation is successful.
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Configuring Interface Index Persistence



Afterthesnmp-server if-index persistcommand isexecuted, run the writecommand tosave theconfiguration, restartthe
device, and run the showinterface command to checkthe interface index. If theindex of an interfaceremains the same after
the restart, interface index persistence is enabled.



Configuring the Link Trap Function of an Interface



Removeandtheninsertthenetworkcableonaphysical port,and enabletheSNMPserver.IftheSNMPserverreceiveslinktraps,
the link trap function is enabled.



Run the no formof the snmp trap link-status command. Remove and then insert the network cable on a physical port. If the
SNMP server does not receive link traps, the link trap function is disabled.



Configuring the Administrative Status of an Interface



Insert the network cable on a physical port, enable the port, and run the shutdown command on this port. If the syslog is
displayed on the Console indicating that the state of the port changes to Down, and the indicator on the port is off, the port is
disabled. Run the show interfaces command, and verify that the interface state changes to Administratively Down. Then, run
the no shutdown command to enable the port. If the syslog is displayed on the Console indicating that the state of the port
changes to Up, and the indicator on the port is on, the port is enabled.



Splitting or Combining a Port



Run thesplit command on a100G port inglobal configuration mode.Verifythat the related syslog isdisplayed on the Console.
Run the write command to save the configuration, and restart the device or line card according to the method described in the
syslog.The low-bandwidth ports can be configured as L2 or L3 ports, but the split 100G port cannot be configured as a L2 or L3
port. If the port supports hot splitting (splitting ports without restarting the device), run the split command and syslog is
printed to suggest the ongoing splitting.Then, after a while, the syslog indicating successful splitting is generated. The split
ports are automatically shut down.



Run the no split command on a split 100G port. Verify that the related syslog is displayed on the Console. Run the write
command to save the configuration, and restart the device or line card according to the method described in the syslog. The
low-bandwidth ports cannot be configured as L2 or L3 ports, but the combined 100G port can be configured as a L2 or L3 port.
If the port supports hot splitting, use the no split command and syslog is printed to suggest the ongoing combining. After a
while, the syslog is generated to indicate that successful combining. And the combined port is automatically shut down.
To prevent loops, the split/combined ports are automatically shut down upon successful splitting/combining. During hot
splitting, if the device restarts due to some exceptions, auto shutdown may not take effect.
With cold splitting, after the splitting type is switched and the new splitting type takes effect, an interface inherits previous
configuration if the interface has the same name as a previous interface. Therefore, clear the interface configuration before
restart.



Configuring the SVI or Sub-Interface Sampling Function



Run the route-sample enable command in SVI or sub-interface configuration mode. Then, run the show interface command
and verify that the number of sent or received packets and the packet sending/receiving rate are displayed. Run the no
route-sampleenablecommand.Then,runtheshowinterfacecommand andverifythat thenumber ofsentor received
packets and the packet sending/receiving rate are not displayed.

www.fs.com

166

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring IP Packet Statistics on Interface



Run the ip-sample enable command in interface configuration mode. Then, run the show interface command and verify that
the number of sent or received packets and the packet sending/receiving rate are displayed. Run the no ip-sample enable
command. Then, run the show interface command and verify that the number of sent or received packets and the packet
sending/receiving rate are not displayed.



Configuring Port Flapping Protection



Run the physical-port ditherprotect command inglobal configuration mode. Frequently remove and insert thenetwork cable
on a physical port to simulate port flapping. Verify that a syslog indicating port flapping is displayed on the Console. After such a
syslog is displayed for several times, the system prompts that the port will be shutdown.



Run the physical-port dither period command in global configuration mode to enable flapping detection. You can define
violating ports by configuring detection period duration, threshold for flapping and the number of consecutive violating period.



Configuring the Syslog Function



Run the logging link-updown command in global configuration mode to display the interface status information. Remove and
then insert the network cable on a physical port. The interface state will change twice. Verify that the information is displayed on
the Console, indicating that the interface state changes from Up to Down, and then from Down to Up. Run the no logging
link-updown command. Remove and then insert the network cable. Verify that the related information is no longer displayed
on the Console. This indicates that the syslog function is normal.



Enabling Enhanced Name Display for Interfaces in the Standard MIB Node



Run the snmp-server if-name enhance global configuration command, and then use the SNMP tool to read interfacenames in
the standard MIB node, suchas ifDescr and ifName. And no space is contained in the result, like GigabitEthernet0/1. Use the no
snmp-serverif-name enhance command, and then read ifDescragain.This time, theresult showsa spaceand the shortname
of the interface, which is GigabitEthernet 0/1. It indicates that the enhanced name display functionality is normal.



Run the snmp-server if-name enhance command, then there is no space in the syslog of port status and LACP status. Then,
perform the no snmp-server if-name enhance command, and spaces are contained in the syslog output. It indicates normal
functionality.

Configuration Example



Configuring Basic Attributes of Interfaces

Scenario
Figure 1- 5

Configuration



Connect two devices through the switch ports.

Steps



ConfigureanSVIrespectivelyontwodevices,andassignIPaddressesfromanetworksegmenttothetwoSVIs.



Enable interface index persistence on the two devices.



Enable the link trap function on the two devices.



Configure the interface administrative status on the two devices.
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A

A# configure terminal
A(config)# snmp-server if-index persist
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip address 192.168.1.1 255.255.255.0
A(config-if-VLAN 1)# exit
A(config)# interface gigabitethernet 0/1
A(config-if-GigabitEthernet 0/1)# snmp trap link-status
A(config-if-GigabitEthernet 0/1)# shutdown
A(config-if-GigabitEthernet 0/1)# end
A# write

B

B# configure terminal
B(config)# snmp-server if-index persist
B(config)# interface vlan 1
B(config-if-VLAN 1)# ip address 192.168.1.2 255.255.255.0
B(config-if-VLAN 1)# exit
B(config)# interface gigabitethernet 0/1
B(config-if-GigabitEthernet 0/1)# snmp trap link-status
B(config-if-GigabitEthernet 0/1)# shutdown
B(config-if-GigabitEthernet 0/1)# end
B# write

Verification

Perform verification on Switch A and Switch B as follows:



RuntheshutdowncommandonportGigabitEthern0/1,andcheckwhetherGigabitEthern0/1andSVI1are
Down.



Run the shutdown command on port GigabitEthern 0/1, and check whether a trap indicating that this
interface is Down is sent.


A

Restart the device, and check whether the index of GigabitEthern 0/1 is the same as that before the restart.

A# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is administratively down , line protocol is DOWN
Hardware is GigabitEthernet, address is 00d0.f865.de9b (bia 00d0.f865.de9b)
Interface address is: no ip address
MTU 1500 bytes, BW 1000000 Kbit
Encapsulation protocol is Bridge, loopback not set
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Keepalive interval is 10 sec , set
Carrier delay is 2 sec
Rxload is 1/255, Txload is 1/255
Queue

Transmitted packets

Transmittedbytes

Dropped packets

Dropped bytes

0

0

0

0

0

1

0

0

0

0

2

0

0

0

0

3

0

0

0

0

4

0

0

0

0

5

0

0

0

0

6

0

0

0

0

7

4

440

0

0

Switchport attributes:
interface's description:""
lastchange time:0 Day:20 Hour:15 Minute:22 Second
Priority is 0

admin speed is AUTO, oper speed is Unknown
flow control admin status is OFF, flow control oper status is Unknown
admin negotiation mode is OFF, oper negotiation state is ON
Storm Control: Broadcast is OFF, Multicast is OFF, Unicast is OFF
Port-type: access
Vlan id: 1
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 0 bits/sec, 0 packets/sec
4 packets input, 408 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
4 packets output, 408 bytes, 0 underruns , 0 dropped
0 output errors, 0 collisions, 0 interface resets
A# show interfaces vlan 1
Index(dec):4097 (hex):1001
VLAN 1 is UP , line protocol is DOWN
Hardware is VLAN, address is 00d0.f822.33af (bia 00d0.f822.33af)
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Interface address is: 192.168.1.1/24
ARP type: ARPA, ARP Timeout: 3600 seconds
MTU 1500 bytes, BW 1000000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec , set
Carrier delay is 2 sec
Rxload is 0/255, Txload is 0/255
B

B# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is administratively down , line protocol is DOWN
Hardware is GigabitEthernet
Interface address is: no ip address, address is 00d0.f865.de9b (bia 00d0.f865.de9b)
MTU 1500 bytes, BW 1000000 Kbit
Encapsulation protocol is Bridge, loopback not set
Keepalive interval is 10 sec , set
Carrier delay is 2 sec
Rxload is 1/255, Txload is 1/255
Queue

Transmitted packets

Transmittedbytes

Dropped packets

Dropped bytes

0

0

0

0

0

1

0

0

0

0

2

0

0

0

0

3

0

0

0

0

4

0

0

0

0

5

0

0

0

0

6

0

0

0

0

7

4

440

0

0

Switchport attributes:
interface's description:""
lastchange time:0 Day:20 Hour:15 Minute:22 Second
Priority is 0

admin duplex mode is AUTO, oper duplex is Unknown
admin speed is AUTO, oper speed is Unknown
flow control admin status is OFF, flow control oper status is Unknown
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admin negotiation mode is OFF,oper negotiation state is ON
Storm Control: Broadcastis OFF,Multicast is OFF,Unicastis OFF
Port-type: access
Vlan id: 1
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 0 bits/sec, 0 packets/sec
4 packets input, 408 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
4 packets output, 408 bytes, 0 underruns , 0 dropped
0outputerrors,0collisions,0interfaceresets
B# show interfaces vlan 1
Index(dec):4097 (hex):1001
VLAN 1 is UP , line protocol is DOWN
Hardware is VLAN, address is 00d0.f822.33af (bia 00d0.f822.33af)
Interface address is: 192.168.1.2/24
ARP type:ARPA, ARP Timeout: 3600 seconds
MTU 1500 bytes, BW 1000000 Kbit
Encapsulation protocol isEthernet, loopback not set
Keepalive interval is 10 sec , set
Carrier delay is 2 sec
Rxload is 0/255, Txload is 0/255

21.5.2 Configuring Interface Attributes

Configuration Effect



Enable the device to connect and communicate with other devices through the switch port or routed port.



Adjust various interface attributes on the device.

Configuration Steps



Configuring a Routed Port






Optional.
Run this command to configure a port as a L3 routed port.
After a port is configured as a L3 routed port, L2 protocols running on the port do not take effect.
This command is applicable to a L2 switch port.

Command

no switchport

Parameter

N/A
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Description
Defaults

By default, an Ethernet physical port is a L2 switch port.

Command

Interface configuration mode

Mode
Usage Guide

On a L3 device, you can run this command to configure a L2 switch port as a L3 routed port. Youcan run the switchport
command to change a L3 routed port into a L2 switch port.



Configuring a L3 AP Port




Optional.
Run the no switchport command in interface configuration mode to configure a L2 AP port as a L3 AP port. Run the switchport
command to configure a L3 AP port as a L2 AP port.




After a port is configured as a L3 routed port, L2 protocols running on the port do not take effect.
This command is applicable to a L2 AP port.

Command

no switchport

Parameter

N/A

Description
Defaults

By default, an AP port is a L2 AP port.

Command

Interface configuration mode

Mode
Usage Guide

After entering configuration mode of a L2 AP port on a L3 device, you can run this command to configure a L2 AP port as
a L3 AP port. After entering configuration mode of a L3 AP port, you can run the switchport command to change a L3 AP
port into a L2 AP port.



Configuring the Speed of an Interface






Optional.
Port flapping may occur if the configured speed of a port changes.
This command is applicable to an Ethernet physical port or AP port.
A same speed mode must be configured on four consecutive 25 Gbps ports.

Command

speed [ 10 | 100 | 1000 | 10G | 40G | 100G | auto ]

Parameter

10: Indicates that the speed of the interface is 10 Mbps.

Description

100: Indicates that the speed of the interface is 100 Mbps.
1000: Indicatesthat thespeed of theinterfaceis1000 Mbps.
10G: Indicates that the speed of the interface is 10 Gbps.
40G:Indicatesthatthespeedoftheinterfaceis40Gbps.
100G: Indicates that the speed of the interface is 100 Gbps.

Defaults

By default, the speed of an interface is auto.

Command

Interface configuration mode

Mode
Usage Guide

If an interface is an AP member port, the speed of this interface is determined by the speed of the AP port. When the
interface exits the AP port, it uses its own speed configuration. Youcan run show interfaces to display the speed
configurations.The speed optionsavailable toaninterfacevary withthe typeof the interface.For example, youcannot
set the speed of an SFP interface to 10 Mbps.
The speed of a 40G physical port can only be set to 40 Gbps or auto.
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Command

port speed-mode [ 10G | 25G]

Parameter

10G:Indicatesthatthespeedoftheinterfaceis10Gbps.

Description

25G:Indicatesthatthespeedoftheinterfaceis25Gbps.

Defaults

The speed of the interface is 25G by default.

Command

Interface configuration mode

Mode
Usage Guide

Only25 Gbps portssupport thisspeed mode.Asamespeedmode mustbeconfigured onfourconsecutive25Gbps
ports.
Only 25 Gbps ports with the same speed mode are allowed to join the same aggregation group.
Running the default interface command does not clear the speed mode configuration on 25 Gbps ports.



Configuring the Duplex Mode of an Interface





Optional.
Port flapping may occur if the configured duplex mode of a port changes.
This command is applicable to an Ethernet physical port or AP port.

Command

duplex { auto | full | half }

Parameter

auto: Indicates automatic switching between full duplex and half duplex.

Description

full: Indicates full duplex.
half: Indicates half duplex.

Defaults

By default, the duplex mode of an interface is auto.

Command

Interface configuration mode

Mode
Usage Guide

The duplex mode of an interface is related to the interface type. You can run show interfaces to display the
configurations of the duplex mode.



Configuring the Flow Control Mode of an Interface



Optional.



Generally, the flow control mode of an interface is off by default. For some products, the flow control mode is on by default.



After flow control is enabled on an interface, the flow control frames will be sent or received to adjust the data volume when
congestion occurs on the interface.



Port flapping may occur if the configured flow control mode of a port changes.



This command is applicable to an Ethernet physical port or AP port.

Command

flowcontrol { auto | off | on }

Parameter

auto: Indicates automatic flow control.

Description

off:Indicatesthatflowcontrolisdisabled.
on:Indicatesthat flowcontrolisenabled.

Defaults

By default, flow control is disabled on an interface.

Command

Interface configuration mode

Mode



Configuring the Auto Negotiation Mode of an Interface



Optional.
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Port flapping may occur if the configured auto negotiation mode of a port changes.



This command is applicable to an Ethernet physical port or AP port.

Command

negotiation mode { on | off }

Parameter

on: Indicates that the auto negotiation mode is on.

Description

off: Indicates that the auto negotiation mode is off.

Defaults

By default, the auto negotiation mode is off.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring the MTU of an Interface



Optional.



You can configure the MTU of a port to limit the length of a frame that can be received or sent over this port.



This command is applicable to an Ethernet physical port or SVI.

Command

mtu num

Parameter

num: 64–9216

Description
Defaults

By default, the MTU of an interface is 1500 bytes.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to configure the interface MTU, that is, the maximum length of a data frame at the link layer.
Currently, you can configure MTU for only a physical port or an AP port that contains one or more member ports.



Configuring the MTU of Ethernet Interface Globally



Optional.



You can configure the MTU of a port to limit the length of a frame that can be received or sent over the Ethernet port.



This command is applicable to an Ethernet physical port.

Command

ethernet-port mtu num

Parameter

num: 64–9216

Description
Defaults

By default, the MTU of an interface is 1500 bytes.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to globally configure the Ethernet interface MTU, that is, the maximum length of a data frame at
the link layer.Currently, you can configure MTU for only a physical port or an AP port that contains one or more member
ports. Some chips do not support interface-based MTU configuration, but support only the global Ethernet
interface-based MTU.



Configuring Global MTU



Optional.



Users can set the global MTU and IP MTU to control the maximum length of frames that can be sent and received over all ports.
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Support physical Ethernetport.

Command

mtu forwarding num

Parameter

num: 64–9216

Description
Defaults

By default, the MTU of an interface is 1500 bytes.

Command

Global configuration mode

Mode
Usage Guide

The IP MTU automatically changes to the value of the link MTU of an interface when the globally set link MTU changes.



Configuring the Bandwidth of an Interface



Optional.



Generally, the bandwidth of an interface is the same as the speed of the interface.

Command

bandwidth kilobits

Parameter

kilobits: The value ranges from 1 to 2,147,483,647. The unit is kilo bits.

Description
Defaults

Generally, the bandwidth of an interface matches the type of the interface. For example, the default bandwidth of a
gigabit Ethernet physical port is 1,000,000, and that of a 10G Ethernet physical port is 10,000,000.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring the Carrier Delay of an Interface



Optional.



If the configured carrier delay is long, it takes a long time to change the protocol status when the physical status of an interface
changes.Ifthecarrierdelayissetto0,theprotocolstatuschangesimmediatelyafterthephysicalstatusofaninterfacechanges.

Command

carrier-delay {[milliseconds] num | up [milliseconds] num down [milliseconds] num}

Parameter

num: The value ranges from 0 to 60. The unit is second.

Description

milliseconds: Indicates the carrier delay. The value ranges from 0 to 60,000. The unit is millisecond.
up: Indicates the delay after which the state of the DCD changes from Down to Up.
down: Indicates the delay after which the state of the DCD changes from Up to Down.

Defaults

By default, the carrier delay of an interface is 2s.

Command

Interface configuration mode

Mode
Usage Guide

If millisecond is used as the unit, the configured carrier delay must be an integer multiple of 100 milliseconds.



Configuring the Load Interval of an Interface



Optional.



The configured load interval affectscomputation of the average packet rate on an interface. If the configured load interval is
short, the average packet rate can accurately reflect the changes of the real-time traffic.

Command

load-interval seconds

Parameter

seconds: The value ranges from 5 to 600. The unit is second.

Description
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Defaults

By default, the load interval of an interface is 10s.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring a Protected Port



Optional.



L2 packets cannot be forwarded between protected ports.



This command is applicable to an Ethernet physical port or AP port.

Command

switchport protected

Parameter

N/A

Description
Defaults

By default, no protected port is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Blocking L3 Routing Between Protected Ports




Optional.
After this command is configured, L3 routing between protected ports are blocked.

Command

protected-ports route-deny

Parameter

N/A

Description
Defaults

By default, the function of blocking L3 routing between protected ports is disabled.

Command

Global configuration mode

Mode
Usage Guide

By default, L3 routing between protected ports is not blocked. In this case, you can run this command to block routing
between protected ports.



Configuring Port Errdisable Recovery



Optional.



By default, a port will be disabled and will not be recovered after a violation occurs.After port errdisable recovery is configured,
a port in errdisable state will be recovered and enabled.

Command

errdisable recovery [interval time | cause link-state]

Parameter

time: Indicates the automatic recovery time. The value ranges from 30 to 86,400. The unit is second.

Description

link-state: Restores the port that is set to the errdisable state by the REUP link state tracking function.

Defaults

By default, port errdisable recovery is disabled.

Command

Global configuration mode, privileged EXEC mode

Mode
Usage Guide

By default, a port in errdisable state is not recovered. You can recover the port manually or run this command to
automatically recover the port.



Configuring MAC Addresses for Interfaces
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Optional. If this function is required, run the mac-address command in interface configuration mode.
By default, MAC addresses of interfaces have fixed values.

Command

mac-address mac-address

Parameter

mac-address: Indicates a valid MAC address.

Description
Command

Interface configuration mode

Mode
Usage Guide

This feature is supported on L3 ports and SVIs (on some models).



Configuring the VLAN Encapsulation Flag for Interfaces




Optional. If this function is required, run the encapsulation dot1Q command in interface configuration mode.
By default, the VLAN encapsulation protocol is disabled for interfaces.

Command

encapsulation dot1Q VlanID

Parameter

vlanID: Indicates the VLAN ID. The value range is from 1 to 4094.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring Interface FEC Mode



Optional.



By default, FEC mode is related with the port type and depends on the product model.

Command

fec mode {rs | base-r | none | auto}

Parameter

rs: Enable FEC mode by rs.

Description

base-r:Enable FECmode by base-r.
none: Disable FEC function.
auto: Whether the FEC mode is enabled or disabled is determined by the inserted optical module.

Command

Interface configuration mode

Mode
Usage Guide

When one end runs FEC function, the other end should enable it, too.
On the premise of not affecting the negotiation status of the two ends, we suggest you NOT to:



enable FEC function on the QSFP28-100G-LR4 optical module, on which FEC function is disabled by default.



disable FEC function on QSFP28 modules (except QSFP28-100G-LR4), on which FEC function is enabled by default.



Configuring Statistics Sampling Cycle on Ethernet Port



Optional.



The default statistics sampling cycle of Ethernet ports is 5 seconds.

Command

ethernet-port counter sample-period [ seconds ]

Parameter

seconds: Unit of the sampling cycle.

Description
Defaults

rs: Enable FEC mode by rs. Supported by 100 Gbps port.
base-r: Enable FEC mode by base-r. Supported by 25 Gbps port.
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none: Enable FEC function.
auto:Whether theFEC mode isenabled ordisabled isdetermined bytheinsertedoptical module. Supportedby 100
Gbps port.
Command

Interface configuration mode

Mode
Usage Guide

A shorter sampling cycle indicates higher system performance consumption. Therefore, the sampling cycle must be
adjusted as required.



Configuring Statistics Sampling Cycle on Ethernet Sub-Port



Optional.



The default statistics sampling cycle of Ethernet sub-ports is 5 seconds.

Command

ethernet-subport counter route-sample-period [ seconds ]

Parameter

seconds: Unit of the sampling cycle.

Description
Command

Global configuration mode

Mode
Usage Guide

A shorter sampling cycle indicates higher system performance consumption. Therefore, the sampling cycle must be
adjusted as required.



Inclduing the Interframe Gap in the Flow Statistics



Optional.



By default, the interframe gap is not counted.

Command

flow-statistics include-interframe enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After you run this command, all port rates are cleared and then recounted.

Verification



Run the show interfaces command to display the attribute configurations of interfaces.

Command

show interfaces [ interface-type interface-number ] [ description | switchport | trunk ]

Parameter

interface-type interface-number: Indicates the type and number of the interface.

Description

description: Indicates the interface description, including the link status.
switchport: Indicates the L2 interface information. This parameter is effective only for a L2 interface.
trunk: Indicates the Trunk port information. This parameter is effective for a physical port or an AP port.

Command

Privileged EXEC mode

Mode
Usage Guide

Use this command without any parameter to display the basic interface information.
SwitchA#show interfaces GigabitEthernet 0/1
Index(dec):1 (hex):1
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GigabitEthernet 0/1 is DOWN, line protocol is DOWN
Hardware is Broadcom 5464 GigabitEthernet, address is 00d0.f865.de9b (bia 00d0.f865.de9b)
Interface address is: no ip address
Interface IPv6 address is:
No IPv6 address
MTU 1500 bytes, BW 1000000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec, set
Carrier delay is 2 sec
Ethernet attributes:
Last link state change time: 2012-12-22 14:00:48
Time duration since last link state change: 3 days, 2 hours, 50 minutes, 50 seconds
Priority is 0
Medium-type is Copper
Admin duplex mode is AUTO, oper duplex is Unknown
Admin speed is AUTO, oper speed is Unknown
Flow receive control admin status is OFF,flow send control admin status is OFF
Flow receive control oper status is Unknown,flow send control oper status is Unknown
Storm Control: Broadcast is OFF, Multicast is OFF, Unicast is OFF
Bridge attributes:
Port-type: trunk
Native vlan:1
Allowed vlan lists:1-4094 //Allowed VLAN list of the Trunk port
Activevlanlists:1,3-4 //ActiveVLAN list(indicatingthat onlyVLAN 1,VLAN 3, andVLAN 4arecreatedon the
device)
Rxload is 1/255,Txload is 1/255
5 minutes input rate 0 bits/sec, 0 packets/sec
5 minutes output rate 0 bits/sec, 0 packets/sec
0 packets input, 0 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
0 packets output, 0 bytes, 0 underruns, 0 dropped
0 output errors, 0 collisions, 0 interface resets



Run the show eee interfaces status command to display the EEE status of an interface.
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Command

show eee interfaces { interface-type interface-number | status }

Parameter

interface-type interface-number: Indicates the type and number of an interface.

Description

status: Indicates the EEE status of all interfaces.

Command

Privileged EXEC mode

Mode
Usage Guide

Iftheinterfaceisspecified,theEEEstatusofthespecifiedinterfaceisdisplayed;otherwise,theEEEstatusofallinterfaces
is displayed.
1. Display the EEE status of GigabitEthernet 0/1.
FS#show eee interface gigabitEthernet 0/1
Interface

: Gi0/1

EEE Support

: Yes

Admin Status

: Enable

Oper Status

: Disable

Remote Status

: Disable

Trouble Cause

: Remote Disable

Interface

Indicates the interface information.

EEE Support

Indicates whether EEE is supported.

Admin Status

Indicates the administrative status.

Oper Status

Indicates the operational status.

Trouble Cause

Indicatesthe reason why the EEE status of an interface is
abnormal.

2. Display the EEE status of all interfaces.
FS#show eee interface status
Interface EEE

Admin

Oper

Support Status

Remote

Status

Status

Trouble
Cause

--------- ------- -------- -------- -------- -------------------Gi0/1

Yes

Enable

Disable

Disable

Remote Disable

Gi0/2 Yes Enable Disable Unknown None
Gi0/3

Yes

Enable

Enable

Enable

None

Gi0/4

Yes

Enable

Enable

Enable

None

Gi0/5

Yes

Enable

Enable

Enable

None

Gi0/6

Yes

Enable

Enable

Enable

None

Gi0/7

Yes

Enable

Enable

Enable

None

Gi0/8

Yes

Enable

Enable

Enable

None

Gi0/9

Yes

Enable

Enable

Enable

None

Gi0/10

Yes

Enable

Enable

Enable

None

Interface
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EEE Support

Indicates whether EEE is supported.

Admin Status

Indicates the administrative status.

Oper Status

Indicates the operational status.

Trouble Cause

Indicatesthe reason why the EEE status of an interface is
abnormal.



Run the show interfaces counters rate command to display transmission rates of ports.

Command

show interfaces counters rate [ up | down ]

Parameter

up: Displays transmission rates of ports that are up.

Description

down: Displays transmission rates of ports that are down.

Command

Privileged EXEC mode

Mode
Usage Guide

If the interface is not specified, the transmission rates of all physical ports and aggregation ports are displayed.
1.Displaythetransmissionratesofallupports.
FS#show interfaces counters rate up
Interface

SamplingTime

Input Rate
(bits/sec)

Input Rate

Output Rate

(packets/sec)

(bits/sec)

Output Rate
(packets/sec)

------------ --------------------- -------------------- -------------------- ------------- ----------------Te1/21

5seconds

0

0

762

0

Te1/22

5seconds

0

0

212

0

Te1/23

5seconds

511546

999

762

0

Te1/24

5seconds

0

0

762

0

Te8/1

5seconds

0

0

546946

1004
Ag4



5seconds

0

0

834

0

Run the show interfaces brief command to display transmission rates of ports.

Command

show interfaces [ interface-type interface-number ] brief [ up | down ]

Parameter

interface-typeinterface-number: Specifiesan interface.If thisfieldisnot specified, informationof allports aredisplayed.

Description

up: Indicates connected ports.
down: indicates disconnected ports.

Command

Privileged EXEC mode

Mode
Usage Guide

By running this command, brief information of ports is displayed, including port status, interface status, output and input
bandwidth usage, and the number of output and input packet errors.
1. Display the brief information of the TenGigabitEthernet 0/1 port.
FS#show interfaces TenGigabitEthernet 0/1 brief
down: link down
*down: administratively down
disabled: err-disabled(Please reference to command [show interface status err-disabled] for detail.)
Interface Link Stat
--------
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Input Usage
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---------- ----------
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Te0/1

disabled

down

0.00%

0.00%

0

0

2. Display the brief information of all connected ports.
FS#show interfaces brief up
down: link down
*down: administratively down
disabled: err-disabled(Please reference to command [show interface status err-disabled] for detail.)
Interface Link Stat Protocol Stat
--------

--------- --------------

Output Usage

--------------

-------------

Input Usage

inErrors

outErrors

---------- ----------

Te0/1

up

up

83.40%

78.20%

0

0

Te0/2

up

up

82.00%

73.40%

0

0

3. Displays the brief information of all the ports.
FS#show interfaces brief
down: link down
*down: administratively down
disabled: err-disabled(Please reference to command [show interface status err-disabled] for detail.)
Interface Link Stat Protocol Stat
--------

Output Usage

--------- -------------- --------------

-------------

Input Usage

inErrors

outErrors

---------- ----------

Te0/1

down

down

0.00%

0.00%

0

0

Te0/2

down

down

0.00%

0.00%

0

0

Te0/3

down

down

0.00%

0.00%

0

0

Te0/4

down

down

0.00%

0.00%

0

0

Te0/5

down

down

0.00%

0.00%

0

0

Te0/6

down

down

0.00%

0.00%

0

0

Te0/7

down

down

0.00%

0.00%

0

0

Te0/8

down

down

0.00%

0.00%

0

0

Te0/9

down

down

0.00%

0.00%

0

0

Te0/10

disabled

down

0.00%

0.00%

0

0

Configuration Example
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Configuring Interface Attributes

Scenario
Figure 1- 6

Configuration



Steps

On Switch A, configure GigabitEthernet 0/1 as an access mode, and the default VLAN ID is 1. Configure SVI 1, assign
an IP address to SVI 1, and set up a route to Switch D.



OnSwitchB,configure GigabitEthernet0/1 and GigabitEthernet0/2 asTrunkports, and thedefaultVLAN IDis1.
Configure SVI 1, and assign an IP address to SVI 1. Configure GigabitEthernet 0/3 as a routed port, and assign an IP
address from another network segment to this port.



On Switch C, configure GigabitEthernet 0/1 as an Access port, and the default VLAN ID is 1. Configure SVI 1, and
assign an IP address to SVI 1.



On Switch D, configure GigabitEthernet 0/1 as a routed port, assign an IP address to this port, and set up a route to
Switch A.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# switchport mode access
A(config-if-GigabitEthernet 0/1)# switchport access vlan 1
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip address 192.168.1.1 255.255.255.0
A(config-if-VLAN 1)# exit
A(config)# ip route 192.168.2.0 255.255.255.0 VLAN 1 192.168.1.2

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# switchport mode trunk
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)# switchport mode trunk
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B(config-if-GigabitEthernet 0/2)# exit
B(config)# interface vlan 1
B(config-if-VLAN 1)# ip address 192.168.1.2 255.255.255.0
B(config-if-VLAN 1)# exit
B(config)# interface GigabitEthernet 0/3
B(config-if-GigabitEthernet 0/3)# no switchport
B(config-if-GigabitEthernet 0/3)# ip address 192.168.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/3)# exit
C

C# configure terminal
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# port-group 1
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface aggregateport 1
C(config-if-AggregatePort 1)# switchport mode access
C(config-if-AggregatePort 1)# switchport access vlan 1
C(config-if-AggregatePort 1)# exit
C(config)# interface vlan 1
C(config-if-VLAN 1)# ip address 192.168.1.3 255.255.255.0
C(config-if-VLAN 1)# exit

D

D# configure terminal
D(config)# interface GigabitEthernet 0/1
D(config-if-GigabitEthernet 0/1)# no switchport
D(config-if-GigabitEthernet0/1)# ipaddress 192.168.2.1 255.255.255.0
D(config-if-GigabitEthernet 0/1)# exit
A(config)# ip route 192.168.1.0 255.255.255.0 GigabitEthernet 0/1 192.168.2.2

Verification

Perform verification on Switch A, Switch B, Switch C, and Switch D as follows:



OnSwitchA,pingtheIPaddressesofinterfacesoftheotherthreeswitches.Verifythatyoucanaccesstheother
three switches on Switch A..

A



Verify that switch B and Switch D can be pinged mutually.



Verify that the interface status is correct.

A# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is UP, line protocol is UP
Hardware is GigabitEthernet, address is 00d0.f865.de90 (bia 00d0.f865.de90)
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Interfaceaddressis:no ipaddress
MTU 1500 bytes, BW 100000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec, set
Carrier delay is 2 sec
Ethernetattributes:
Last link state change time: 2012-12-22 14:00:48
Time duration since last link state change: 3 days, 2 hours, 50 minutes, 50 seconds
Priority is 0
Adminmedium-typeisCopper,opermedium-typeisCopper
Admin duplex mode is AUTO, oper duplex is Full
Admin speed is AUTO, oper speed is 100M
Flow control admin status is OFF, flow control oper status is OFF
Admin negotiation mode is OFF,oper negotiation state is ON
Storm Control: Broadcast is OFF,Multicast is OFF,Unicast is OFF
Bridge attributes:
Port-type: access
Vlan id: 1
Rxload is 1/255, Txload is 1/255
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 67 bits/sec, 0 packets/sec
362 packets input, 87760 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
363 packets output, 82260 bytes, 0 underruns, 0 dropped
0 output errors, 0 collisions, 0 interface resets
B

B# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is UP, line protocol is UP
Hardware is GigabitEthernet, address is 00d0.f865.de91 (bia 00d0.f865.de91)
Interface address is: no ip address
MTU 1500 bytes, BW 100000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec, set
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Carrier delay is 2 sec
Ethernetattributes:
Last link state change time: 2012-12-22 14:00:48
Time duration since last link state change: 3 days, 2 hours, 50 minutes, 50 seconds
Priority is 0
Adminmedium-typeisCopper,opermedium-typeisCopper
Admin duplex mode is AUTO, oper duplex is Full
Admin speed is AUTO, oper speed is 100M
Flow control admin status is OFF, flow control oper status is OFF
Admin negotiation mode is OFF,oper negotiation state is ON
Storm Control: Broadcast is OFF,Multicast is OFF,Unicast is OFF
Bridge attributes:
Port-type: trunk
Native vlan: 1
Allowed vlan lists: 1-4094
Active vlan lists: 1
Rxload is 1/255, Txload is 1/255
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 67 bits/sec, 0 packets/sec
362 packets input, 87760 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
363 packets output, 82260 bytes, 0 underruns, 0 dropped
0 output errors, 0 collisions, 0 interface resets
C

C# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is UP, line protocol is UP
Hardware is GigabitEthernet, address is 00d0.f865.de92 (bia 00d0.f865.de92)
Interface address is: no ip address
MTU 1500 bytes, BW 100000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec, set
Carrier delay is 2 sec
Ethernet attributes:
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Last link state change time: 2012-12-22 14:00:48
Time duration since last link state change: 3 days, 2 hours, 50 minutes, 50 seconds
Priority is 0
Adminmedium-typeisCopper,opermedium-typeisCopper
Admin duplex mode is AUTO, oper duplex is Full
Admin speed is AUTO, oper speed is 100M
Flow control admin status is OFF, flow control oper status is OFF
Admin negotiation mode is OFF,oper negotiation state is ON
Storm Control: Broadcast is OFF,Multicast is OFF,Unicast is OFF
Rxload is 1/255, Txload is 1/255
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 67 bits/sec, 0 packets/sec
362 packets input, 87760 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
363 packets output, 82260 bytes, 0 underruns, 0 dropped
0 output errors, 0 collisions, 0 interface resets
D

D# show interfaces gigabitEthernet 0/1
Index(dec):1 (hex):1
GigabitEthernet 0/1 is UP, line protocol is UP
Hardware is GigabitEthernet, address is 00d0.f865.de93 (bia 00d0.f865.de93)
Interface address is: 192.168.2.1/24
MTU 1500 bytes, BW 100000 Kbit
Encapsulation protocol is Ethernet, loopback not set
Keepalive interval is 10 sec, set
Carrier delay is 2 sec
Ethernetattributes:
Last link state change time: 2012-12-22 14:00:48
Time duration since last link state change: 3 days, 2 hours, 50 minutes, 50 seconds
Priority is 0
Adminmedium-typeisCopper,opermedium-typeisCopper
Admin duplex mode is AUTO, oper duplex is Full
Admin speed is AUTO, oper speed is 100M
Flow control admin status is OFF, flow control oper status is OFF
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Admin negotiation mode is OFF,oper negotiation state is ON
Storm Control: Broadcastis OFF,Multicast is OFF,Unicastis OFF
Rxload is 1/255, Txload is 1/255
10 seconds input rate 0 bits/sec, 0 packets/sec
10 seconds output rate 67 bits/sec, 0 packets/sec
362 packets input, 87760 bytes, 0 no buffer, 0 dropped
Received 0 broadcasts, 0 runts, 0 giants
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 abort
363 packets output, 82260 bytes, 0 underruns, 0 dropped
0 output errors, 0 collisions, 0 interface resets

21.6 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the counters of a specified

clear counters [ interface-type interface-number ]

interface.
Resets the interface hardware.

clear interface interface-type interface-number

Clearsthestatisticsoflinkstatuschange. clear link-state-change statistics [ interface-type interface-number ]
Displaying



Displaying Interface Configurations and Status

Description

Command

Displays all the status and configuration

show interfaces [ interface-type interface-number ]

information of a specified interface.
Displays the interface status.

show interfaces [ interface-type interface-number ] status

Displays the interface errdisable status.

show interfaces [ interface-type interface-number ] status err-disable

Displays the link status change time and count of a

show interfaces [ interface-type interface-number ] link-state-change statistics

specified port.
Displays the administrative and operational states

show interfaces [ interface-type interface-number ] switchport

of switch ports (non-routed ports).
Displays the description and status of a specified show interfaces [ interface-type interface-number ] description
interface.
Displaysthecountersofaspecifiedport,among

show interfaces [ interface-type interface-number ] counters

which the displayed speed may have an error of
±0.5%.
Displays the number of packetsincreased ina load

show interfaces [ interface-type interface-number ] counters increment

interval.
Displays statistics about error packets.
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Description

Command

Displays the packet sending/receiving rate of an

show interfaces [ interface-type interface-number ] counters rate

interface.
Displaysthepacketsending/receivingrateofan

show interfaces [ interface-type interface-number ] counters rate physical-layer

interface at the physical layer. The packet
sending/receiving rate at the physical layer refers
to the sending/receiving rate of packets that
contain interframe spacing.
Displays a summary of interface information.

show interfaces [ interface-type interface-number ] counters summary

Displays the bandwidth usage of an interface.

show interfaces [ interface-type interface-number ] usage [up | down]

Displays brief information of ports.

show interfaces [ interface-type interface-number ] brief [ up | down ]

Displays the global MTU information.

show interface [interface-type interface-number ] mtu forwarding

Displays the sub VLAN interface information.

show vlans



Displaying Optical Module Information

Description

Command

Displays basic information about the optical

show interfaces [ interface-type interface-number ] transceiver

module of a specified interface.
Displays the fault alarms of the optical module on

show interfaces [ interface-type interface-number ] transceiver alarm

a specified interface. If no fault occurs, "None" is
displayed.
Displays the optical module diagnosis values of a

show interfaces [ interface-type interface-number ] transceiver diagnosis

specified interface.

22 Configuring Single Fiber
22.1 Overview
Single Fiber (SF) is a function developed to meet the special requirement for only receiving packets but not sending packets. In
normal cases, when Ethernet standard devices interwork witheach other by using optical transceivers, dual-fiber optical transceivers
must be used so that the link becomes up and packets are forwarded normally. The disadvantage, however, is that physical isolation
cannot be smoothly achieved in the transmission direction when Ethernet standard devices send data through dual fibers.As a result,
the peer switch may receive unpredictable packets, affecting the switch security. For this, the SF mode can be configured to
physically isolate data in the transmission direction to ensure data security. The application of SF-mode ports does not conform to
the link specifications of Ethernet device ports. Therefore, for the implementation of SF receiving, a single-core fiber needs to be
connected to the Rx end of a switch port so that data from the Tx end of the peer optical transceiver can be received normally.

22.2 Applications

Application
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SF Receiving

The Rx end of a switch port is connected to the Tx end of an optical splitter through a
single-core fiber.

22.2.1 SFReceiving

Scenario
The Rx end of a switch port is connected to the Tx end of an optical splitter through a single-core fiber, and the Rx end of the optical
splitter is not connected to the Tx end of the connected switch, to ensure physical isolation.
Figure 2-1

Deployment



The switch can only receive packets from the optical splitter but cannot send packets to the optical splitter.

22.3 Configuration

Configuration

Description and Command

(Mandatory) It is used to configure the SF mode.
Configuring the SF Mode

transport mode { rx }

no transport mode

Configures the SF Rx mode.
Restores the default mode, that is, dual-fiber
bidirectional Rx/Tx mode.

22.3.1 Configuring the SF Mode

Configuration Effect



Configure a port of the switch to support the SF mode and the Rx direction only.

Notes
Configuration Steps



Configuring the SF Mode



Mandatory.



The SF mode should be configured on the port that requires the SF Rx function unless otherwise stated.

www.fs.com

190

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

transport mode {rx}

Parameter

rx: Indicates the mode in which only packets are received.

Description
Defaults

The SF mode is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification
Verify the SF configuration:



Check whether the port on which the SF Rx function is configured can be up normally.



Check whether the light emission function is disabled for the port on which the SF Rx function is configured.



Verify that the port on which the SF Rx function is configured can only receive packets but cannot send packets.

22.4 Monitoring
Displaying
Description

Command

Displays information about the port on whichthe SF Rx

show transport mode {rx}

function is configured.

23 Configuring MAC Address
23.1 Overview
A MAC address table contains the MAC addresses, interface numbers and VLAN IDs of the devices connected to the local device.
When a deviceforwards apacket, it finds an output port fromitsMAC addresstable according tothe destination MAC addressand the
VLAN ID of the packet.
After that, the packet is unicast, multicast or broadcast.
This document covers dynamic MAC addresses, static MAC addresses and filtered MAC addresses. For the management of
multicast MAC addresses, please see Configuring IGMP Snooping Configuration.
Protocols and Standards



IEEE 802.3: Carrier sense multiple access with collision detection (CSMA/CD) access method and physical layer specifications



IEEE 802.1Q: Virtual Bridged Local Area Networks
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23.2 Applications
Application

Description

MAC Address Learning

Forward unicast packets through MAC addresses learning.

MAC Address Change Notification

Monitor change of the devices connected to a network device through MAC address change
notification.

23.2.1 MAC Address Learning

Scenario
Usually a device maintains a MAC address table by learning MAC addresses dynamically. The operating principle is described as
follows:
Asshowninthe followingfigure,the MACaddresstable ofthe switchisempty.WhenUserA communicateswithUser B,itsends a
packet to the port GigabitEthernet 0/2 of the switch, and the switch learns the MAC address of User A and stores it in the table.
Asthe tabledoes not containthe MACaddress of User B, the switchbroadcaststhepacket totheports of all connected devices
except User A, including User B and User C.
Figure 3-1 Step 1 of MAC Address Learning

Figure 3-2 MAC Address Table 1
Status

VLAN

MAC address

Interface

Dynamic

1

00d0.f8a6.5af7

GigabitEthernet 0/2

When User B receives the packet, it sends a reply packet to User A through port GigabitEthernet 0/3 on the switch. As the MAC
addressof UserAisalready in theMACaddresstable, theswitchsend thereply unicastpackettoport GigabitEthernet 0/2 port and
learns the MAC address of User B. User C does not receive the reply packet from User B to User A.
Figure 3-3 Step 2 of MAC Address Learning
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Figure 3-4 MAC Address Table 2
Status

VLAN

MAC address

Interface

Dynamic

1

00d0.f8a6.5af7

GigabitEthernet 0/2

Dynamic

1

00d0.f8a4.e9b6

GigabitEthernet 0/3

Through the interaction between User A and User B, the switch learns the MAC addresses of User A and User B. After that, packets
between User A and User B will be exchanged via unicast without being received by User C.
Deployment



With MAC address learning, a layer-2 switch forwards packets through unicast, reducing broadcast packets and network load.

23.2.2 MAC Address Change Notification

MACaddresschangenotificationprovidesamechanismforthenetworkmanagementsystem(NMS)tomonitorthechangeof
devices connected to a network device.
Scenario
Figure 3-5 MAC Address Change Notification

After MAC address change notification is enabled on a device, the device generates a notification message when the device learns a
new MAC address or finishes aging a learned MAC address, and sends the message in an SNMP Trap message to a specified NMS.
AnotificationofaddingaMACaddressindicatesthat anewuseraccessesthenetwork,andthatofdeletingaMACaddressindicates
that a user sends no packets within an aging time and usually the user exits the network.
When a network deviceis connectedtoa number of devices, a lotof MACaddress changes may occur ina short time, resulting in an
increaseintraffic.Toreducetraffic,youmayconfigureaninterval forsending MACaddresschangenotifications.Whentheinterval
expires, all notifications generated during the interval are encapsulated into a message.
Whenanotificationisgenerated,itisstoredinthetableof historicalMACaddresschange notifications.Theadministratormayknow
recent MAC address changes by checking the table of notification history even without NMS.
A MAC address change notification is generated only for a dynamic MAC address.
Deployment



Enable MAC address change notification on a layer-2 switch to monitor the change of devices connected to a network device.

23.3 Features
Basic Concepts
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Dynamic MAC Address

A dynamic MAC address is a MAC address entry generated through the process of MAC address learning by a device.



Address Aging

A device only learns a limited number of MAC addresses, and inactive entries are deleted through address aging.
Adevicestartsaging aMAC addresswhen itlearns it.If thedevice receivesno packet containing thesourceMAC address, it will
delete the MAC address from the MAC address table when the time expires.



Forwarding via Unicast

If a device finds in its MAC address table an entry containing the MAC address and theVLAN ID of a packet and the output port is
unique, it will send the packet through the port directly.



Forwarding via Broadcast

Ifa devicereceives apacket containing thedestination addressffff.ffff.ffff or anunidentified destination address,itwillsendthe
packet through all the ports in the VLAN where the packet is from, except the input port.
Overview
Feature

Description

Dynamic Address Limit for VLAN

Limit the number of dynamic MAC addresses in a VLAN.

Dynamic Address Limit for Interface

Limit the number of dynamic MAC addresses on an interface.

23.3.1 Dynamic Address Limit for VLAN

Working Principle
The MAC address table with a limited capacity is shared by all VLANs. Configure the maximum number of dynamic MAC addresses for
each VLAN to prevent one single VLAN from exhausting the MAC address table space.
AVLANcanonlylearnalimitednumber ofdynamicMACaddresses afterthelimitisconfigured.The packetsexceedingthelimitare
broadcast.
Ifthenumberoflearned MACaddressesisgreater thanthelimit,adevicewillstoplearningtheMACaddressesfromtheVLAN
and will not start learning again until the number drops below the limit after address aging.
The MAC addresses copied to a specific VLAN are not subject to the limit.
23.3.2 Dynamic Address Limit for Interface

Working Principle
Aninterfacecanonly learn alimited number ofdynamic MAC addressesafter thelimit isconfigured.The packetsexceeding thelimit
are broadcast
Ifthenumber of learned MACaddresses isgreater than thelimit,a devicewillstoplearning theMACaddressesfromthe
interface and will not start learning again until the number drops below the limit after address aging.
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23.4 Limitations

The products do not learn or forward packets whose source MAC address and destination MAC address is all 0.

23.5 Configuration
Configuration

Description and Command
(Optional) It is used to enable MAC address learning.

Configuring Dynamic MAC
Address

mac-address-learning
mac-address-table aging-time

Configuring a Static MAC
Address
Configuring a MAC Address for
Packet Filtering

ConfiguresMAC address learning globallyor on
an interface.
Configures an aging time for a dynamic MAC
address.

(Optional) It is used to bind the MAC address of a device with a port of a switch.
mac-address-table static

Configures a static MAC address.

(Optional) It is used to filter packets.
mac-address-table filtering

Configures a MAC address for packet filtering.

(Optional) It is used to monitor change of devices connected to a network device.
Configuring MAC Address
Change Notification

mac-address-table notification
snmp trap mac-notification

Configuring a Management
VLAN for an AP Port
ConfiguringtheAlarmLogging
Function for MAC Address Drift
Configuring the Maximum
Number of Learned MAC
Addresses

Configures MAC address change notification
globally.
ConfiguresMACaddresschangenotificationon
an interface.

(Optional) It is used to configure a management VLAN for an AP port.
aggregateport-admin vlan

Configuresa managementVLAN for an APport.

(Optional) It is used to configure the alarm logging function for detected MAC address drift.
mac-address-table flapping-logging
(Optional) It is used to configure the maximum number of learned MAC addresses.
max-dynamic-mac-count count

Configuring PacketDiscarding

(Optional) It is used to configure the packet processing method when the number of learned

WhentheNumber of Learned

MAC addresses exceeds the address limit.

MAC Addresses Exceeds the
Address Limit

max-dynamic-mac-count exceed-action
forward | discard

23.5.1 Configuring Dynamic MAC Address

Configuration Effect
Learn MAC addresses dynamically and forward packets via unicast.
Configuration Steps
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Configuring Global MAC Address Learning



Optional.



You can perform this configuration to disable global MAC address learning.



Configuration:

Command

mac-address-learning { enable | disable }

Parameter

enable: Enables global MAC address learning.

Description

disable: Disable global MAC address learning.

Defaults

Global MAC address learning is enabled by default.

Command

Global configuration mode

Mode
Usage Guide

N/A

By default, global MAC address learning is enabled. When global MAC address learning is enabled, the MAC address learning
configuration on an interface takes effect; when the function is disabled, MAC addresses cannot be learned globally.



Configuring MAC Address Learning on Interface



Optional.



You can perform this configuration to disable MAC address learning on an interface.



Configuration:

Command

mac-address-learning

Parameter

N/A

Description
Defaults

MAC address learning is enabled by default.

Command

Interface configuration mode

Mode
Usage Guide

Perform this configuration on a layer-2 interface, for example, a switch port or an AP port.
Whenthecommand default interface is run in global configurationmode, if there is any layer-2 sub-interface, the
MAC address learning cannot restore the default settings.

By default, MAC address learning is enabled. If DOT1X, IP SOURCE GUARD, or a port security function is configured on a port,
MACaddresslearningcannotbeenabled.AccesscontrolcannotbeenabledonaportwithMACaddresslearningdisabled.



Configuring an Aging Time for a Dynamic MAC Address



Optional.



Configure an aging time for dynamic MAC addresses.



Configuration:

Command

mac-address-table aging-time value

Parameter

value: Indicates the aging time. The value is either 0 or in the range from 10 to 1000,000.

Description
Defaults

The default is 300s.

Command

Global configuration mode

Mode
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Usage Guide

If the value is set to 0, MAC address aging is disabled and learned MAC addresses will not be aged.

The actual aging time may be different from the configured value, but it is not more than two times of the configured value.
Verification



Check whether a device learns dynamic MAC addresses.



Run the show mac-address-table dynamic command to display dynamic MAC addresses.



Run the show mac-address-table aging-time command to display the aging time for dynamic MAC addresses.

Command

show mac-address-table dynamic [ address mac-address ] [ interface interface-id ] [ vlan vlan-id ]

Parameter

address mac-address: Displays the information of a specific dynamic MAC address.

Description

interface interface-id: Specifies a physical interface or an AP port.
vlan vlan-id: Displays the dynamic MAC addresses in a specific VLAN.

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A
FS# show mac-address-table dynamic
Vlan

MAC Address
------

Type

Interface

----

------------

------------------

1

0000.0000.0001

DYNAMIC GigabitEthernet 1/1

1

0001.960c.a740

DYNAMIC GigabitEthernet 1/1

1

0007.95c7.dff9

DYNAMIC GigabitEthernet 1/1

1

0007.95cf.eee0

DYNAMIC GigabitEthernet 1/1

1

0007.95cf.f41f

1

0009.b715.d400

DYNAMIC GigabitEthernet 1/1

1

0050.bade.63c4

DYNAMIC GigabitEthernet 1/1

DYNAMIC GigabitEthernet1/1

Field

Description

Vlan

Indicates the VLAN where the MAC address resides.

MAC Address

Indicates a MAC Address.

Type

Indicates a MAC address type.

Interface

IndicatestheinterfacewheretheMACaddressresides.

Command

show mac-address-table aging-time

Parameter

N/A

Description
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A
FS# show mac-address-table aging-time
Aging time
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Configuration Example



Configuring Dynamic MAC Address

Scenario
Figure 3- 6

Configuration



Enable MAC address learning on an interface.

Steps



Configure the aging time for dynamic MAC addresses to 180s.



Delete all dynamic MAC addresses in VLAN 1 on port GigabitEthernet 0/1.

FS# configure terminal
FS(config-if-GigabitEthernet 0/1)# mac-address-learning
FS(config-if-GigabitEthernet 0/1)# exit
FS(config)# mac aging-time 180
FS# clear mac-address-table dynamic interface GigabitEthernet 0/1 vlan 1

Verification



Check MAC address learning on an interface.



Display the aging time for dynamic MAC addresses.



Display all dynamic MAC addresses in VLAN 1 on port GigabitEthernet 0/1.

FS# show mac-address-learning
GigabitEthernet 0/1

learning ability: enable

FS# show mac aging-time
Aging time

: 180 seconds

FS# show mac-address-table dynamic interface GigabitEthernet 0/1 vlan 1
Vlan

MAC Address

Type

Interface

---------- -------------------- -------- ------------------1

00d0.f800.1001

STATIC

GigabitEthernet 1/1

Common Errors
ConfigureMACaddresslearningonaninterfacebeforeconfiguringtheinterfaceasalayer-2interface,forexample,aswitchportoran
AP port.
23.5.2 Configuring a Static MAC Address

Configuration Effect



Bind the MAC address of a network device with a port of a switch.

Configuration Steps

www.fs.com

198

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring a Static MAC address



Optional.



Bind the MAC address of a network device with a port of a switch.



Configuration:

Command

mac-address-table static mac-address vlan vlan-id interface interface-id

Parameter

address mac-address: Specifies a MAC address.

Description

vlan vlan-id: Specifies a VLAN where the MAC address resides.
interface interface-id: Specifies a physical interface or an AP port.

Defaults

By default, no static MAC address is configured.

Command

Global configuration mode

Mode
Usage Guide

When the switch receives a packet containing the specified MAC address on the specified VLAN, the packet is
forwarded to the bound interface.

Verification



Run the show mac-address-table static command to check whether the configuration takes effect.

Command

show mac-address-table static [ address mac-address ] [ interface interface-id ] [ vlan vlan-id ]

Parameter

address mac-address: Specifies a MAC address.

Description

interface interface-id: Specifies a physical interface or an AP port.
vlan vlan-id: Specifies a VLAN where the MAC address resides.

Command

Privileged EXEC mode/Global configuration mode /Interface configuration mode

Mode
Usage Guide

N/A
FS# show mac-address-table static
MAC Address

Vlan

----- -----------

Type

Interface

-------- ------------------

1

00d0.f800.1001

STATIC

GigabitEthernet 1/1

1

00d0.f800.1002

STATIC

GigabitEthernet 1/1

1

00d0.f800.1003

STATIC

GigabitEthernet 1/1

Configuration Example



Configuring a Static MAC address

In the above example, the relationship of MAC addresses, VLAN and interfaces is shown in the following table.
Role

MAC Address

VLAN ID

Interface ID

Web Server

00d0.3232.0001

VLAN2

Gi0/10

Database Server

00d0.3232.0002

VLAN2

Gi0/11

Administrator

00d0.3232.1000

VLAN2

Gi0/12
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Scenario
Figure 3- 7

Configuration



Specify destination MAC addresses (mac-address).

Steps



Specify the VLAN (vlan-id) where the MAC addresses reside.



Specify interface IDs (interface-id).

A

A# configure terminal
A(config)# mac-address-table static 00d0.f800.3232.0001 vlan 2 interface gigabitEthernet 0/10
A(config)# mac-address-table static 00d0.f800.3232.0002 vlan 2 interface gigabitEthernet 0/11
A(config)# mac-address-table static 00d0.f800.3232.1000 vlan 2 interface gigabitEthernet 0/12

Verification

Display the static MAC address configuration on a switch.

A

A# show mac-address-table static
Vlan

MAC Address

Type

Interface

---------- -------------------- -------- ------------------2

00d0.f800.3232.0001 STATIC

GigabitEthernet 0/10

2

00d0.f800.3232.0002 STATIC

GigabitEthernet 0/11

2

00d0.f800.3232.1000 STATIC

GigabitEthernet 0/12

Common Errors



ConfigureastaticMACaddressbeforeconfiguringthespecificport asalayer-2interface,forexample,aswitchport oranAP
port.

23.5.3 Configuring a MAC Address for Packet Filtering

Configuration Effect



If a device receives packets containing a source MAC address or destination MAC address specified as the filtered MAC address,
the packets are discarded.

Configuration Steps



Configuring a MAC Address for Packet Filtering
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Optional.



Perform this configuration to filter packets.



Configuration:

Command

mac-address-table filtering mac-address vlan vlan-id

Parameter

address mac-address: Specifies a MAC address.

Description

vlan vlan-id: Specifies a VLAN where the MAC address resides.

Defaults

By default, no filtered MAC address is configured.

Command

Global configuration mode

Mode
Usage Guide

Ifadevicereceives packetscontaininga sourceMACaddressor destinationMACaddressspecifiedas thefiltered
MAC address, the packets are discarded.

Verification



Run the show mac-address-table filter command to display the filtered MAC address.

Command

show mac-address-table filter [ address mac-address ] [ vlan vlan-id ]

Parameter

address mac-address: Specifies a MAC address.

Description

vlan vlan-id: Specifies a VLAN where the MAC address resides.

Command

Privileged EXEC mode/Global configuration mode /Interface configuration mode

Mode
Usage Guide

N/A
FS# show mac-address-table filtering
MAC Address

Vlan

Type

Interface

------ -------------------- -------- ----------1

0000.2222.2222

FILTER

Configuration Example



Configuring a MAC Address for Packet Filtering

Configuration



Specify a destination MAC address (mac-address) for filtering.

Steps



Specify a VLAN where the MAC addresses resides.

FS# configure terminal
FS(config)# mac-address-table static 00d0.f800.3232.0001 vlan 1

Verification

Display the filtered MAC address configuration.
FS# show mac-address-table filter
Vlan

MAC Address

Type

Interface

---------- -------------------- -------- ------------------1
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23.5.4 Configuring MAC Address Change Notification

Configuration Effect



Monitor change of devices connected to a network device.

Configuration Steps



Configuring NMS



Optional.



Perform this configuration to enable an NMS to receive MAC address change notifications.



Configuration:

Command

snmp-server host host-addr traps [ version { 1 | 2c | 3 [ auth | noauth | priv ] } ] community-string

Parameter

host host-addr: Specifies the IP address of a receiver.

Description



version { 1 | 2c | 3 [ auth | noauth | priv ] }: Specifies the version of SNMP TRAP messages. You can also specify
authentication and a security level for packets of Version 3.

community-string: Indicates an authentication name.
Defaults

By default, the function is disabled.

Command

Global configuration mode

Mode
Usage Guide

N/A



Enabling SNMP Trap



Optional.



Perform this configuration to send SNMP Trap messages.



Configuration:

Command

snmp-server enable traps

Parameter

N/A

Description
Defaults

By default, the function is disabled.

Command

Global configuration mode

Mode
Usage Guide

N/A



Configuring Global MAC Address Change Notification



Optional.



If MAC address change notification is disabled globally, it is disabled on all interfaces.



Configuration:

Command

mac-address-table notification

Parameter

N/A

Description
Defaults

By default, MAC address change notification is disabled globally.

Command

Global configuration mode
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Mode
Usage Guide

N/A



Configuring MAC Address Change Notification On Interface



Optional.



Perform this configuration to enable MAC address change notification on an interface.



Configuration:

Command
Parameter
Description

snmp trap mac-notification { added | removed }
added: Generates a notification when an MAC address is added.
removed: Generates a notification when an MAC address is deleted.

Defaults

By default, MAC address change notification is disabled on an interface.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring Interval for Generating MAC Address Change Notifications and Volume of Notification History



Optional.



Performthisconfiguration to modify the interval for generating MAC address change notifications and the volume of
notification history.



Configuration:

Command

mac-address-table notification { interval value | history-size value }

Parameter

interval value: (Optional) Indicates the interval for generating MAC address change notifications. The value ranges

Description

from 1 to 3600 seconds,.
history-size value: Indicates the maximum number of entries in the table of notification history. The value ranges
from 1 to 200.

Defaults

The default interval is 1 second. The default maximum amount of notifications is 50.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show mac-address-table notification command to check whether the NMS receives MAC address change
notifications.

Command

show mac-address-table notification [ interface [ interface-id ] | history ]

Parameter

Interface:Displays the configuration of MAC address change notification on all interfaces.

Description

interface-id: Displays the configuration of MAC address change notification on a specified interface.
history: Displays the history of MAC address change notifications.

Command

Privileged EXEC mode/Global configuration mode /Interface configuration mode

Mode
Usage Guide

N/A

Usage Guide

Display the configuration of global MAC address change notification.
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FS#show mac-address-table notification
MAC Notification Feature : Enabled
Interval(Sec): 300
Maximum History Size : 50
Current History Size : 0
Field

Description

Interval(Sec)

Indicates the interval for generating MAC address change
notifications.

Maximum History Size

Indicates the maximum number of entries in the table of notification
history.

Current History Size

Indicates the current notification entry number.

Configuration Example
Scenario
Figure 3- 8

Thefigureshowsanintranetof anenterprise.UsersareconnectedtoAviaport Gi0/2.
The Perform the configuration to achieve the following effects:



When port Gi0/2 learns a new MAC address or finishes aging a learned MAC address, a MAC address change
notification is generated.



Meanwhile, A sends the MAC address change notification in an SNMP Trap message to a specified NMS.



InascenariowhereAisconnectedtoanumberofUsers,theconfigurationcanpreventMACaddresschange
notification burst in a short time so as to reduce the network flow.

Configuration



Gi0/2.

Steps

A

Enable global MAC address change notification on A, and configure MAC address change notification on port



ConfiguretheIPaddressof theNMShost,and enableAwithSNMPTrap.AcommunicateswiththeNMSviarouting.



Configure the interval for sending MAC address change notifications to 300 seconds (1 second by default).

FS# configure terminal
FS(config)# mac-address-table notification
FS(config)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)# snmp trap mac-notification added
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FS(config-if-GigabitEthernet 0/2)# snmp trap mac-notification removed
FS(config-if-GigabitEthernet 0/2)# exit
FS(config)# snmp-server host 192.168.1.10 traps version 2c comefrom2
FS(config)# snmp-server enable traps
FS(config)# mac-address-table notification interval 300

Verification

Check t whether MAC address change notification is enabled globally .




Check whether MAC address change notification is enabled on the interface.



Display the MAC addresses of interfaces, and run the clear mac-address-table dynamic command to simulate
aging dynamic MAC addresses.

A



Check whether global MAC address change notification is enabled globally.



Display the history of MAC address change notifications.

FS# show mac-address-table notification
MAC Notification Feature : Enabled
Interval(Sec): 300
Maximum History Size : 50
Current History Size : 0
FS# show mac-address-table notification interface GigabitEthernet 0/2
Interface

MACAddedTrap

-----------

--------------

GigabitEthernet 0/2

MAC Removed Trap

--------------

Enabled

Enabled

FS# show mac-address-table interface GigabitEthernet 0/2
Vlan

MAC Address

Type

Interface

---------- -------------------- -------- ------------------1

00d0.3232.0001

DYNAMIC GigabitEthernet 0/2

FS# show mac-address-table notification
MAC Notification Feature : Enabled
Interval(Sec): 300
Maximum History Size : 50
Current History Size : 1
FS# show mac-address-table notification history
History Index : 0
Entry Timestamp: 221683
MAC Changed Message :
Operation:DEL Vlan:1 MAC Addr: 00d0.3232.0003 GigabitEthernet 0/2
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23.5.5 Configuring a Management VLAN for an AP Port

Configuration Effect



Enable an AP port to process the packets from a management VLAN as management packets, and those from a
non-management VLAN as data packets.

Configuration Steps



Configuring a Management VLAN for an AP Port



Optional.



Perform this configuration to enable an AP port to distinguish management packets from data packets.



Configuration:

Command

aggregateport-admin vlan vlan-list

Parameter

vlan-list: Indicates a VLAN or a range of VLANs separated by "-".

Description
Defaults

By default, no management VLAN is configured for an AP port.

Command

Global configuration mode

Mode
Usage Guide

An AP port processes the packets received on the management VLAN as management packets.

Verification



An AP port processes the packets from a management VLAN as management packets, and those from a non-management VLAN
as data packets.

Configuration Example



Configuring a Management VLAN for an AP Port

Configuration



Specify management VLANs for an AP port.

Steps
FS# configure terminal
FS(config)# aggregateport-admin vlan 1-20

Verification

Run the show running command to display the configuration.

23.5.6 Configuring MAC Address Flapping Check

Configuration Effect



Printasyslog alarmwhen MACaddress flapping occurs,that is,aMACaddressisleaned by morethan one port inashort timein
a VLAN.

Configuration Steps



Configuring MAC Address Flapping Check



Optional.
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Configure this configuration to print a syslog alarm upon MAC address flapping.



Configuration:

Command

mac-address-table flapping-logging

Parameter

N/A

Description
Defaults

By default, the function is disabled.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show run command to display the configuration.



Print syslog to check the MAC address flapping.



Run the show mac-address-table flapping record to display the dynamic MAC address flapping record. The first part shows
information of the port where flapping occurs, and the second shows the current port policy.

Command

show mac-address-table flapping record

Parameter
Description
Command

Privileged EXEC mode, global configuration mode, interface mode

Mode
Usage Guide

-

Command

FS# show mac-address-table flapping record

Display

Macaddressflappingdetect status
Mac address flapping detect interval

: on
: 1s

Mac address flapping syslog supress time : 1800s
Mac address flapping record max count
Mac address flapping record total count

300
2

(D):error down
Move-Time

VLAN MAC-Address

Original-Port

Move-Ports

--------------------- ----- -------------- ------------------ ------------------
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1

0026.8b06.6241 Te0/2

Te0/1

2019.7.15 8:53:46

1

0026.8b06.6241 Te0/2(D)

Te0/1

Field

Description

Move-Time

Flapping time

VLAN

VLAN of the MAC address

MAC-Address

MAC address

Original-Port

Interfaces that learn the MAC address before address
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flapping
(D) followed by the current port policy
Move-Ports

Interfaces that learn the MAC address after address
flapping
(D) followed by the current port policy

Configuration Example



Configuring Syslog Printing upon MAC Address Flapping

Configuration



Enable syslog printing upon MAC address flapping.

Steps
FS# configure terminal
FS(config)# mac-address-table flapping-logging

Verification

Run the show running command to display the configuration.

23.5.7 Configuring the MAC Address Flapping Protection Policy

Configuration Effect



When MAC address flapping is detected on a port with the MAC address flapping protection policy configured, the port will be
shut down.

Notes



The MAC address flapping detection function must be enabled.

Configuration Steps



Configuring the MAC Address Flapping Protection Policy



Optional



Perform this operation to prevent MAC address flapping between different ports.



Perform this operation on the switch.

Command

mac-address-table flapping action [error-down | priority priotiry-num]

Parameter

error-down: Specifies the policy that a port is shut down if MAC address flapping is detected on the port.

Description

priority priotiry-num: Indicates the priority of the port shutdown policy. The default value is 0 (the lowest priority).
The value ranges from 0 to 5. A laFSer value indicates a higher priority.

Defaults

By default, the MAC address flapping protection function is disabled.

Command

Interface configuration mode

Mode
Usage Guide

The MAC address flapping check function must be enabled first. Otherwise, the configuration does not take effect.
Whenthe commanddefault interface isrun inglobal configurationmode, if thereisany Layer-2sub-interface, the
MAC-flapping protection cannot restore the default settings.

Verification
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Run show run to query the configuration result.



Run show mac-address-table flapping record to display the dynamic MAC address flapping record. The first part shows
information of the port where flapping occurs, and the second shows the current port policy.

Command

show mac-address-table flapping record

Parameter Description
Command Mode

Privileged EXEC mode, global configuration mode, interface mode

Usage Guide

-

Command Display

FS# show mac-address-table flapping record
Macaddressflapping detectstatus
Mac addressflapping detect interval

: on
: 1s

Mac address flapping syslog supress time : 1800s
Mac address flapping record max count
Mac address flapping record total count

300
2

(D):error down
Move-Time

VLAN MAC-Address

Original-Port

Move-Ports

--------------------- ----- -------------- ------------------ -----------------2019.7.15 8:53:46

1

0026.8b06.6241 Te0/2

Te0/1

2019.7.15 8:53:46

1

0026.8b06.6241 Te0/2(D)

Te0/1

Field

Description

Move-Time

Flapping time

VLAN

VLAN of the MAC address

MAC-Address

MAC address

Original-Port

Interfaces that learn the MAC address before
address flapping
(D) followed by the current port policy

Move-Ports

Interfaces that learn the MAC address after
address flapping
(D) followed by the current port policy


Configuration Example



Configuring the MAC Address Flapping Protection Policy

Configuration



Enable the MAC address flapping detection function.

Steps
FS# configure terminal
FS(config)# mac-address-table flapping-logging
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FS(config)# interface GigabitEthernet 1/1
FS(config-if-GigabitEthernet 1/1)# mac-address-table flapping action error-down
FS(config-if-GigabitEthernet1/1)#mac-address-tableflappingactionpriority2
Verification

Run show running on the switch to query the configuration.

Common Errors
None
23.5.8 Configuring the Maximum Number of MAC Addresses Learned by a Port

Configuration Effect



Only a limited number of dynamic MAC addresses can be learned by a port.

Notes
None
Configuration Steps



Configuring the Maximum Number of MAC Addresses Learned by a Port



Optional



Perform this operation on the switch.

Command

max-dynamic-mac-count count

Parameter

count: Indicates the maximum number of MAC addresses learned by a port.

Description
Defaults

By default, the number of MAC addresses learned by a port is not limited. After the number of MAC addresses
learnedby aport islimitedand afterthe maximumnumber of MACaddressesexceeds thelimit,packetsfromsource
MAC addresses are forwarded by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Run show run to query the configuration result.

Configuration Example



Configuring the Maximum Number of MAC Addresses Learned by a Port

Configuration



Configure the maximum number of MAC addresses learned by a port.



Configurethemaximumnumber ofMACaddresses learnedbyaport and thecountermeasureforthe casethat

Steps
the number of MAC addresses exceeds the limit.
FS(config)# interface GigabitEthernet 1/1
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FS(config-if-GigabitEthernet 1/1)# max-dynamic-mac-count 100
FS(config-if-GigabitEthernet 1/1)# max-dynamic-mac-count exceed-action discard
Verification

Run show running on the switch to query the configuration.

Common Errors
None
23.5.9 Configuring the Maximum Number of MAC Addresses Learned by a VLAN

Configuration Effect



Only a limited number of dynamic MAC addresses can be learned by a VLAN.

Notes
None
Configuration Steps



Configuring the Maximum Number of MAC Addresses Learned by a VLAN



Optional



Perform this operation on the switch.

Command

max-dynamic-mac-count exceed-action forward | discard

Parameter

forward/discard:Indicatesthatpacketsareforwardedordiscardedwhen thenumber ofMACaddresseslearned by

Description

a VLAN exceeds the limit.

Defaults

By default, the number of MAC addresses learned by a VLAN is not limited. After the number of MAC addresses
learnedbyaVLANislimitedandafterthemaximumnumberofMACaddressesexceedsthelimit,packetsfrom
source MAC addresses are forwarded by default.

Command

VLAN configuration mode

Mode
Usage Guide

N/A

Verification



Run show run to query the configuration result.

Configuration Example



Configuring the Maximum Number of MAC Addresses Learned by a VLAN

Configuration



Configure the maximum number of MAC addresses learned by a VLAN.



Configure the maximum number of MAC addresses learned by a VLAN and the countermeasure for the case

Steps
that the number of MAC addresses exceeds the limit.
FS(config)#interface GigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#max-dynamic-mac-count 100
FS(config-if-GigabitEthernet 0/1)#max-dynamic-mac-count exceed-action discard
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FS(config)# vlan 2
FS(config-vlan)#max-dynamic-mac-count 100
FS(config-vlan)# max-dynamic-mac-count exceed-action discard
Verification

Run show running on the switch to query the configuration.

Common Errors
None

23.6 Monitoring
Clearing
Running the clear commands may lose vital information and interrupt services.
Description

Command

Clears dynamic MAC addresses.

clearmac-address-tabledynamic[addressmac-address][interfaceinterface-id][vlan
vlan-id ]

Displaying
Description

Command

Displays the MAC address table.

show mac-address-table { dynamic | static| filter } [ address mac-address ] [ interface
interface-id ] [ vlan vlan-id ]

Displays the aging time for dynamic

show mac-address-table aging-time

MAC addresses.
Displays the maximum number of

show mac-address-table max-dynamic-mac-count

dynamic MAC addresses.
Displays the configuration and history of

show mac-address-table notification [ interface [ interface-id ] | history ]

MAC address change notifications.
Displays the MAC address flapping

show mac-address-table flapping record

record.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs MAC address operation.

debug bridge mac

24 Configuring Aggregate Port
24.1 Overview
An aggregate port (AP) is used to bundle multiple physical links into one logical link to increase the link bandwidth and improve
connection reliability.
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AnAP portsupports loadbalancing, namely,distributesload evenlyamong member links.Besides, an APport realizes linkbackup.
When a member link of the AP port is disconnected, the load carried by the link is automatically allocated to other functional member
links. A member link does not forward broadcast or multicast packets to other member links.
For example, the link between twodevices supports a maximum bandwidth of 1,000 Mbps.When theservice trafficcarried by the link
exceeds1,000Mbps, thetrafficinexcesswillbediscarded.Port aggregationcanbeusedtosolvethe problem. Forexample, you can
connect the two devices with network cables and combine multiple links to form a logical link capable of multiples of 1,000 Mbps.
For example, there are two devices connected by a network cable. When the link between the two ports of the devices is
disconnected, the services carried by the link will be interrupted. After theconnected ports are aggregated, the services will not be
affected as long as one link remains connected.
Protocols and Standards



IEEE 802.3ad

24.2 Applications
Applications

Description

AP Link Aggregation and Load

A laFSe number of packets are transmitted between an aggregation device and a core

Balancing

device,whichrequires a greater bandwidth. Tomeet thisrequirement, you can bundle the
physical links between the devices into one logical link to increase the link bandwidth, and
configure a proper load balancing algorithm to distribute the work load evenly to each
physical link, thus improving bandwidth utilization.

24.2.1 AP Link Aggregation and Load Balancing

Scenario
In Figure 4-1, the switch communicates with the router through an AP port. All the devices on the intranet (such as the two PCs on the
left)use the router as a gateway. All the devices on the extranet (such as the two PCs on the right) send packets to the internet devices
through the router,with the gateway’s MAC address as its sourceMAC address.Todistribute the load between the router and other
hoststootherlinks,configuredestinationMACaddress-basedloadbalancing.Ontheswitch,configuresourceMACaddress-based
load balancing.
Figure 4-1 AP Link Aggregation and Load Balancing

Deployment



Configure thedirectly connected ports between the switchand router as a static AP port or a Link Aggregation Control Protocol
(LACP) AP port.
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On the switch, configure a source MAC address-based load balancing algorithm.



On the router, configure a destination MAC address-based load balancing algorithm.



Features

24.3 Features
Basic Concepts



Static AP

The static AP mode is an aggregation mode in which physical ports are directly added to an AP aggregation group through manual
configuration to allow the physical ports to forward packets when the ports are proper in link state and protocol state.
An AP port in static AP mode is called a static AP, and its member ports are called static AP member ports.



LACP

LACPisaprotocolabout dynamiclinkaggregation.Itexchangesinformation withtheconnecteddevicethroughLACPdataunits
(LACPDUs).
An AP port in LACP mode is called an LACP AP port, and its member ports are called LACP AP member ports.



AP Member Port Mode

There are three aggregation modes available, namely, active, passive, and static.
AP member ports in active mode initiate LACP negotiation. AP member ports in passive mode only respond to received LACPDUs. AP
member ports in static mode do not send LACPDUs for negotiation. The following table lists the requirements for peer port mode.
Port Mode

Peer Port Mode

Active mode

Active or passive mode

Passive mode

Active mode

Static Mode

Static Mode



AP Member Port State

There are two kinds of AP member port state available:



When a member port is Down, the port cannot forward packets. The Down state is displayed.



When a member port is Up and the link protocol is ready, the port can forward packets. The Up state is displayed.

There are three kinds of LACP member port state:



When the link of a port is Down, the port cannot forward packets. The Down state is displayed.



When the link of a port is Up and the port is added to an aggregation group, the bndl state is displayed.



When the link of a port is Up but the port is suspended because the peer end is not enabled with LACP or the attributes of the
ports are inconsistent with those of the master port, the susp state is displayed. (The port in susp state does not forward
packets.)
Only full-duplex ports are capable of LACP aggregation.
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LACPaggregationcanbeimplementedonlywhentherates,flowcontrolapproaches,mediumtypes,andLayer-2/3attributesof
member ports are consistent.
If you modify the preceding attributes of a member port in the aggregation group, LACP aggregation will fail.
The ports which are prohibited from joining or exiting an AP port cannot be added to or removed from a static AP port or an
LACP AP port.



AP Capacity Mode

The maximum number of member ports is fixed, which is equal to the maximum number of AP ports multiplied by the maximum
number of member ports supported by a single AP port. If you want to increase the maximum number of AP ports, the maximum
number of member ports supported by a single AP port must be reduced, and vice versa. This concerns the AP capacity mode
concept.SomedevicessupporttheconfigurationoftheAPcapacitymode.Forexample,ifthesystemsupports16,384memberports,
you can select the 1024 x 16, 512 x 32, and other AP capacity modes (Maximum number of AP ports multiplied by the maximum
number of member ports supported by a single AP port).



LACP System ID

By default, all the LACP ports on a device belong to the same LACP aggregation system.
One device can be configured with only one LACP aggregation system. The system is identified by a system ID and each system has a
priority, which isa configurable value.The system IDconsistsof the LACP system priorityand MAC address of the device.A lower
systempriorityindicates ahigher priority of thesystem ID.If thesystem prioritiesarethe same, a smaller MACaddressof the device
indicates a higher priority of the system ID.The system with an ID of a higher priority determines the port state. The port state of a
system with an ID of a lower priority keeps consistent with that of a higher priority.
The LACP system ID can be configured when LACP ports of multiple (a maximum of four) independent devices need to negotiate with
the LACP port of a specific device(for example, LACP ports of twoindependent ASWsneed to negotiate withthe LACP port of the NC).
Youcan set the system IDs of the LACP ports of independent devices to the same MAC address and configure different device IDs to
implement normal negotiation.



LACP Device ID

The LACP device ID can be configured when LACP ports of multiple independent devices need to negotiate with the LACP port of a
specific device. It must be configured together with the system ID.



LACP Port ID

Eachport has an independent LACP port priority, whichisa configurablevalue.The port IDconsistsof theLACP port priorityand port
number. A smaller port priority indicates a higher priority of the port ID. If the port priorities are the same, a smaller port number
indicates a higher priority of the port ID.



LACP Master Port

Whendynamic member portsareUp, LACP selectsone of thoseports tobe themaster port based on theratesand duplex modes,ID
priorities of the ports in the aggregation group, and the bundling state of the member ports in the Up state. Only the ports that have
the same attributes as the master port are in Bundle state and participate in data forwarding. When the attributes of ports are
changed,LACPreselectsamasterport.WhenthenewmasterportisnotinBundlestate,LACPdisaggregatesthememberportsand
performs aggregation again.



Minimum Number of AP Member Ports
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An AP can be configured with a minimum number of AP member ports.When a member port exits the AP aggregation group, causing
the number of member ports to be smaller than the minimum number, the other member ports in the group are unbundled (Down
Status).When the member port rejoins the group, causing the number of member ports to be greater than the minimum number, the
member ports in the group are automatically bundled (Up Status).



LACP Independent Ports

Innormal cases,LACPindependentportsareusedforinterworkingbetweenaccessswitchesand serverswithtwoNICs.IftheOSis
notpre-installedwhenaserverwithtwoNICsstarts,theOSneedstobeinstalledviatheremotePXEOSinstallationdevice.Beforethe
OSis installed, theserver withtwo NICscannot performLACP negotiation withtheaccessdevice, and onlyone NICcanwork. Inthis
case, the port on the access device must be able to change to a common Ethernet physical port automatically to ensure normal
communication between the server and the remote PXE OS installation device. After the OS is installed and both NICs can run the
LACP, the port on the access device must be able to enable the LACP again for negotiation.
LACPindependent portscanworkonlyat layer 2.After anLACPindependentport isenabled,iftheLACP independent port
doesnot receiveLACPpackets,itautomaticallychanges toa commonEthernet port,whichautomaticallycopiestherate,
duplex mode, flow control, and VLAN configuration from the AP port to ensure port forwarding capabilities.
An LACP independent port automatically changes toacommonEthernet port only ifitdoesnot receiveLACP packetswithin
the set time-out period. After the port receives LACP packets, it changes to an LACP member port again.
Overview
Overview

Description

Link Aggregation

Aggregates physical links statically or dynamically to realize bandwidth extension and link backup.

Load Balancing

Balances the load within an aggregation group flexibly by using different load balancing methods.

24.3.1 Link Aggregation

Working Principle
There are two kinds of AP link aggregation. One is static AP, and the other is dynamic aggregation through LACP.



Static AP

The static AP configuration is simple. Run a command toadd the specified physical port to the AP port. After joining the aggregation
group, a member port can receive and transmit data and participate in load balancing within the group.



Dynamic AP (LACP)

An LACP-enabled port sends LACPDUs to advertise its system priority, system MAC address, port priority, port number, and operation
key.WhenreceivingtheLACPDUfromthepeerend,thedevicecomparesthesystemprioritiesofbothendsbased onthesystemIDin
the packet. The end with a higher system ID priority sets the ports in the aggregation group to Bundle state based on the port ID
priorities in a descending order, and sends an updated LACPDU. When receiving the LACPDU, the peer end sets corresponding ports
toBundle stateso that both ends maintain consistency when a port exits or joins the aggregation group. The physical link can forward
packets only after the ports at both ends are bundled dynamically.
Afterlinkaggregation, the LACP member ports periodicallyexchange LACPDUs.Whena port does not receivean LACPDU inthe
specified time, a timeout occurs and the links are unbundled. In this case, the member ports cannot forward packets.There are two
timeout modes: long timeout and short timeout. In long timeout mode, a port sends a packet every 30s. If it does not receive a packet
from the peer end in 90s, a timeout occurs. In short timeout mode, a port sends a packet every 1s. If it does not receive a packet from
the peer end in 3s, a timeout occurs. (The default timeout time in LACP short timeout mode is 3 seconds.The value is changeable.)
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Figure 4-2 LACP Negotiation

In Figure 4-2, Switch A is connected to Switch B through three ports. Set the system priorities of Switch A and Switch B to 61440 and
4096 respectively. Enable LACP on the Ports 1–6, set theaggregation mode to theactive mode, and setthe port priority to the default
value 32768.
When receiving an LACPDU fromSwitch A, Switch B finds that it has a higher system ID priority than Switch A (the system priority of
Switch B is higher than that of Switch A). Switch B sets Port 4, Port 5, and Port 6 to Bundle state based on the order of port ID priorities
(or in an ascending order of port numbers if the port priorities are the same). When receiving an updated LACPDU from Switch B,
Switch A finds that Switch B has a higher system ID priority and has set Port 4, Port 5, and Port 6 to Bundle state.Then Switch A also
sets Port 1, Port 2, and Port 3 to Bundle state.
24.3.2 Load Balancing

Working Principle
AP ports segregate packetflows by using load balancing algorithms based on packet features,such as the sourceand destination
MACaddresses,sourceand destinationIPaddresses,and Layer-4sourceand destinationport numbers.The packetflowwiththe
consistentfeatureistransmittedby one member link,and differentpacketflowsareevenlydistributedtomemberlinks.For example,
in source MAC address-based load balancing, packets are distributed to the member links based on the source MAC addresses of the
packets. Packets with different source MAC addresses are evenly distributed to member links. Packets with the identical source MAC
address are forwarded by one member link.
Currently, there are several AP load balancing modes as follows:



Source MAC address or destination MAC address



Source MAC address + destination MAC address



Source IP address or destination IP address



Source IP address + destination IP address



Layer-4 source port number or Layer-4 destination port number



Layer-4 source port number + Layer-4 destination port number



Source IP address + Layer-4 source port number



Source IP address + Layer-4 destination port number



Destination IP address + Layer-4 source port number



Destination IP address + Layer-4 destination port number



Source IP address + Layer-4 source port number + Layer-4 destination port number



Destination IP address + Layer-4 source port number + Layer-4 destination port number
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Source IP address + destination IP address + Layer-4 source port number



Source IP address + destination IP address + Layer-4 destination port number



Source IP address + destination IP address + Layer-4 source port number + Layer-4 destination port number



Panel port for incoming packets



Labels of Multiprotocol Label Switching (MPLS) packets



Aggregation member portpolling



Enhanced mode
LoadbalancingbasedonIPaddressesorportnumbersisapplicableonlytoLayer-3packets.Whenadeviceenabledwiththis
load balancing method receives Layer-2 packets, it automatically switches to the default load balancing method.
All the load balancing methods use a load algorithm (hash algorithm) to calculate the member links based on the input
parameters of the methods. The input parameters include the source MAC address, destination MAC address, source MAC
address + destination MAC address, source IP address, destination IP address, source IP address + destination IP addresses+
Layer-4port number and so on. The algorithm ensures that packets withdifferent input parameters are evenly distributed to
member links. It does not indicate that these packets are always distributed to different member links. For example, in IP
address-based load balancing, two packets with different source and destination IP addresses may be distributed to the same
member link through calculation.
Different products may support different load balancing algorithms.



Enhanced Load Balancing

Enhancedloadbalancingallowsthecombinationofmultiplefieldsindifferenttypesofpackets.Thesefieldsincludesrc-mac,dst-mac,
l2-protocol, and src-port in Layer-2 packets, src-ip, dst-ip, protocol, l4-src-port, l4-dst-port, and src-port, in IPv4 packets, src-ip,
dst-ip, protocol, l4-src-port, l4-dst-port, and src-port in IPv6 packets; top-label, 2nd-label, 3rd-label, src-ip, dst-ip, vlan, src-port,
src-mac, dst-mac, protocol, l4-src-port, l4-dst-port, and l2-etype in MPLS packets; and vlan, src-port, src-id, rx-id, ox-id, fabric-id,
and dst-id in FCoE packets.
A device enabled with enhanced load balancing first determines the type of packetsto be transmitted and performs load balancing
based on the specified fields in the packets. For example, the AP port performs source IP-based load balancing on the packets
containing an ever-changing source IPv4 address.
Alltheload balancing methodsareapplicable toLayer-2and Layer-3AP ports.Youneedtoconfigureproper loaddistribution
methods based on different network environments to fully utilize network bandwidth.
Performenhancedloadbalancingbasedon thesrc-mac,dst-mac,andvlan fieldsinLayer-2packets,andthesrc-ipfieldinIPv4
packets. If the incoming packet is an IPv4 packet with an ever-changing source MAC address, the enhanced balancing algorithm
does not takeeffect, because the device will perform load balancing only based on the src-ip field in the IPv4 packet after
finding that it is an IPv4 packet.
In enhanced load balancing, the MPLS balancing algorithm takes effect only for MPLS Layer-3 VPN packets, but does not take
effect for MPLS Layer-2 VPN packets.



Hash Load Balancing Control

Hash load balancing enables users to control load balancing flexibly in different scenarios. Currently, FS adopts the following hash
load balancing controlfunctions:



Hashdisturbancefactor:TrafficoverAPportsishashedforbalancing.Fortwodevicesofthesametype,thesamepathwillbe
calculatedfor loadbalancing for thesame stream.Whenthe ECMPis deployed,the same streamof thetwo devicesmay be
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balancedtothesame destinationdevice,resultinginhashpolarization.Thehashdisturbancefactorisusedtoaffecttheload
balancing algorithm. Different disturbance factors are configured for different devices to ensure that different paths are
provided for the same stream.



Hash synchronization: To ensure network security, a firewall cluster is deployed between the internal and external networks for
traffic cleaning. This requires that both the uplink and downlink traffic of a session is transmitted to the same device in the
firewall cluster for processing. The source and destination IP addresses contained in the uplink and downlink streams of a
sessionarereversed.The uplink and downlink streams willbe directedtodifferentfirewallsinthefirewall clusterbased onthe
traditional hash algorithm. The hash synchronization function ensures that uplink and downlink streams of a session be
transmitted over the same path.



Hash algorithm mode: Apply the most appropriate hash algorithm mode to different traffic, so that when traffic changes,
balance can still be kept. For example, if the source and destination MAC addresses of a stream increase 1 at the same time,
configure the algorithm based on the source and destination MAC addresses cannot keep stream balance. At the moment, a
suitable hash algorithm mode needs to be applied.



Hash factor acquisition mode:There arean inner layer and anouter layer in theheader ineach ofVXLAN packets,GRE packets,
and other tunnel packets. It can be specified to obtain the hash factor from the inner layer or outer layer, to achieve a better
balancing effect. For example, in some scenarios, tunnel packets share the same outer IP address but have different inner IP
addresses. In this case, the inner IP address can be specified as the hash factor to optimize traffic balancing.

24.3.3 Member Port BFDDetection

Working Principle
Bidirectional Forwarding Detection (BFD) is a protocol that delivers fast detection of path failures. According to RFC7130, LACP takes
3s to detect link failures even in short timeout mode. The packets distributed to the faulty link during the 3-second period will be lost.
BFD delivers faster failure detection.Youcan configure BFD on member ports to detect link failure and switchload to other member
links in case of a link failure.
BecauseBFD isaLayer-3 protocol,you needtoconfigureBFDon Layer-3APports.BFD isclassifiedintoIPv4detection and IPv6
detection, whichdetect IPv4 and IPv6 paths respectively.WhenBFD detects that thepath on amember port fails, the packetswillnot
be distributed to the member port.
After BFD is enabled on an AP port, BFD sessions are set up on its member ports in forwarding state independently.

24.4 Limitations



Each AP of the product contains up to eight member ports, and each device supports up to 256 APs by default.



Te capacity mode of APs can be set to any one of the following: 255*16, 127*32, 63*64, and 31*128. In these modes, the
maximum number of member ports supported by each AP is 16, 32, 64, and 128 respectively, and the maximum number of
supported APs is 255, 127, 63, and 31 respectively. The default configuration is 255*16.



When the products adopt load balancing that is based on the source MAC address, destination MAC address, or source MAC
address + destination MAC address, the devices also use the Ethernet type field and VLAN field of unicast packets as
balancing factors by default.



The products adopt the non-enhanced load balancing mode. With the Internet Group Management Protocol snooping
(IGMP snooping) or multicast routing enabled, the keywords for load balancing of multicast packets are src-ip, dst-ip, or
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src-ip+dst-ip.The keywords for load balancingof other multicastpackets, unknown unicastpackets,and broadcast packets
are src-mac, dst-mac, or src-mac+dst-mac. For example, when layer-3 packets (unknown unicast, multicast, and broadcast
packets) are forwarded at layer 2, load balancing cannot be performed based on src-ip or dst-ip. In this case, the enhanced
mode can be adopted because load balancing is performed based on the packet type in this mode.



In load balancing mode based on src-dst-ip-l4port, L4port changes on the products are valid only to unicast packets.



The products support AP-based load balancing algorithms. AP-based load balancing algorithms support load balancing
based only on SMAC, DMAC, SMAC+DMAC, SIP, DIP, and SIP+DIP.



The products do not support the Round Robin (RR) load balancing algorithm.



Enhancedload balancing templates of the productssupport the following fields:
L2 template: src-mac dst-mac vlan l2-protocol src-port
IPv4template:src-ipdst-ipprotocolvlanl4-src-portl4-dst-portsrc-port
IPv6template:src-ipdst-ipprotocolvlanl4-src-portl4-dst-portsrc-port

24.5 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure link aggregation manually.

Configuring Static AP Ports

interface aggregateport

Creates an Ethernet AP port.

interface san-port-channel

Creates an FC AP port.

port-group

Configures static AP member ports.

(Mandatory) It is used to configure link aggregation dynamically.

Configuring LACP AP Ports

port-group mode

Configures LACP member ports.

lacp system-priority

Configures the LACP system priority.

lacp short-timeout period

Configures the timeout time of the LACP system in
short timeout mode.

lacp port-priority

Configures the port priority.

lacp short-timeout

Configures the short timeout mode on a port.

(Optional) It is used to enable LinkTrap.
Enabling LinkTrap

snmp trap link-status

Enables LinkTrap advertisement for an AP port.

aggregateport member linktrap

Enables LinkTrap t for AP member ports.

(Optional) It is used to configure a load balancing mode for an aggregated link.
aggregateport load-balance
Configuring a Load Balancing
Mode

or AP member ports.

(Optional) It is used to configure the profile of enhanced load balancing.
load-balance-profile
l2 field
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Configures a load balancing algorithm for an AP port

Renames the profile of enhanced load balancing.
Configures a load balancing mode for Layer-2
packets.

ipv4 field

Configures a load balancing mode for IPv4 packets.

ipv6 field

Configures a load balancing mode for IPv6 packets.
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Configuration

Description and Command
mpls field

Configuresaloadbalancingmode forMPLS packets.

trill field

Configuresaloadbalancingmode forTRILL packets.

fcoe field

Configuresaload balancing mode forFCoE packets.

(Optional) It is used to control load balancing policy.
hash-disturb {string | seed seed-value
offset offset-value}

Configures hash disturbance factor.

hash-symmetrical [ipv4 | ipv6| fcoe| on]

Configures hash synchronization.

aggregateport hash-header {inner |

Configures the balancing factor acquisition mode for

outer | inner-outer}

tunnel packet.

aggregateport algorithm mode number

Configures the global load balancing algorithm
mode.

(Optional) It is used to configure the AP capacity mode.
Configuring an AP CapacityMode
aggregateport capacity mode
Enabling BFD for AP Member
Ports

Member Port
Configuring the Minimum
Number of AP Member Ports
Configuring the Minimum
Number of AP Member Ports
(Action)
Enabling the LACP Independent
Port Function
Configuring the Time-out Period
of Independent Port

configuration mode.

(Optional) It is used to enable BFD for AP member ports.
aggregate bfd-detect ipv4

Configuring a Preferred AP

Configures an AP capacity mode in global

Enables IPv4 BFD for AP member ports.

(Optional) It is used to configure an AP member port as the preferred port.
aggregateport primary-port
aggregateport member minimum
aggregateport member minimum
action
lacp individual enable
lacp individual-timeout period time

Configures an AP member port as the preferred port.
Configures the minimum number of AP member
ports.
Triggersaction when thenumber of AP member
ports in the Up state is less than the minimum
number of the AP member ports.
Enables the LACP independent port function.
Configures the time-out period of an independent
port.

24.5.1 Configuring Static AP Ports

Configuration Effect



Configure multiple physical ports as AP member ports to realize link aggregation.



The bandwidth of the aggregation link is equal to the sum of the member link bandwidths.



When a member link of the AP port is disconnected, the load carried by the link is automatically allocated to other functional
member links.

Notes




Only physical ports can be added to an AP port.
The ports of different media types or port modes cannot be added to the same AP port.
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Layer-2portscanbeaddedtoonlyaLayer-2APport,and Layer-3portscanbeaddedtoonlyaLayer-3APport.TheLayer-2/3
attributes of an AP port that contains member ports cannot be modified.




After a port is added to an AP port, the attributes of the port are replaced by those of the AP port.
After a port is removed from an AP port, the attributes of the port are restored.
After a port is added to an AP port, the attributes of the port are consistent with those of the AP port. Therefore, do not perform
configurationon the AP member ports or apply configuration toa specificAP member port. However,some configurations (the
shutdownand no shutdown commands) can be configured onAP member ports.Whenyou use AP member ports,check
whether the function that you want to configure can take effect on a specific AP member port, and perform this configuration
properly.
The static aggregation has no error detection. Member ports are bound if linked up, so the user needs to ensure topology
accuracy and consistency among member ports’ negotiation attributes.

Configuration Steps



Creating an Ethernet AP Port



Mandatory.



Perform this configuration on an AP-enabled device.

Command

interface aggregateport ap-number

Parameter

ap-number: Indicates the number of an AP port.

Description
Defaults

By default, no AP port is created.

Command

Global configuration mode

Mode
Usage Guide

Tocreate an Ethernet AP port, run interfaces aggregateport in global configuration mode. Todelete the specified
Ethernet AP port, run no interfaces aggregateport ap-number in global configuration mode.

Run port-group to add a physical port to a static AP port in interface configuration mode. If the AP port does not exist, it will be
created automatically.
Run port-groupmode to add a physical port to an LACP AP port in interface configuration mode. If the AP port does not exist,
it will be created automatically.
The AP feature must be configured on the devices at both ends of a link and the AP mode must be the same (staticAP or LACP
AP).



Configuring Static AP Member Ports



Mandatory.



Perform this configuration on AP-enabled devices.

Command

port-group ap-number

Parameter

port-group ap-number: Indicates the number of an AP port.

Description
Defaults

By default, no ports are added to any static AP port.

Command

Interface configuration mode of the specified Ethernet port

Mode
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Usage Guide

Toadd member ports to an AP port, run port-group in interface configuration mode. Toremove member ports from
an AP port, run no port-group in interface configuration mode.

The static AP member ports configured on the devices at both ends of a link must be consistent.
After a member port exits the AP port, the default settings of the member port are restored. Different functions deal with the
default settings of the member ports differently. It is recommended that you check and confirm the port settings after a
member port exits an AP port.
After a member port exits an AP port, the port is disabled by using the shutdown command to avoid loops. After you confirm
that the topology is normal, run no shutdown in interface configuration mode to enable the port again.



Converting Layer-2 APs to Layer-3 APs



Optional.



Whenyou needtoenableLayer-3routingonanAPport,forexample,toconfigureIPaddressesorstaticrouteentries,convert
the Layer-2 AP port to a Layer-3 AP port and enable routing on the Layer-3 AP port.



Perform this configuration on AP-enabled devices that support Layer-2 and Layer-3 features, such as Layer-3 switches or
wireless access controllers (ACs).

Command

no switchport

Parameter

N/A

Description
Defaults

By default, the AP ports are Layer-2 AP ports.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide

The Layer-3 AP feature is supported by only Layer-3 devices.

TheAPportcreatedonaLayer-3devicethatdoesnot support Layer-2featureisaLayer-3APport.Otherwise,theAPportisa
Layer-2 AP port.



Creating an Ethernet AP Subinterface



Optional.



On a device that supports subinterface configuration, run interface aggregateport sub-ap-number to create a subinterface.



Perform this configuration on AP-enabled devices that support Layer-2 and Layer-3 features, such as Layer-3 switches.

Command

interface aggregateport sub-ap-number

Parameter

sub-ap-number: Indicates the number of an AP subinterface.

Description
Defaults

By default, no subinterfaces are created.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide

You need to convert the master port of the AP port to a Layer-3 port before creating a subinterface.

Verification



Run show running to display the configuration.
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Run show aggregateport summary to display the AP configuration.

Command

show aggregateport aggregate-port-number [ load-balance | summary ]

Parameter

aggregate-port-number: Indicates the number of an AP port.

Description

load-balance: Displays the load balancing algorithm.
summary: Displays the summary of each link.

Command

Any mode

Mode
Usage Guide

The information on all AP ports is displayed if you do not specify the AP port number.
FS# show aggregateport 1 summary
AggregatePort MaxPorts

SwitchPort Mode

Loadbalance

Ports

------------- --------------- ---------- ------ ---------------------------- -----------------------Ag1

8

Enabled

ACCESS dst-mac

Gi0/2

Configuration Example



Configuring an Ethernet Static AP Port

Scenario
Figure 3-2

Configuration



Add the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on Switch A to staticAP port 3.

Steps



Addthe GigabitEthernet 2/1 and GigabitEthernet 2/2 ports on Switch Btostatic AP port 3.

Switch A

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3

Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3

Verification



Run show aggregateport summary to check whether AP port 3 contains member ports GigabitEthernet 1/1
and GigabitEthernet 1/2.

Switch A

SwitchA# show aggregateport summary
AggregatePort MaxPorts SwitchPort Mode

Ports

------------- -------- ---------- ------ ----------------------------------Ag3
Switch B

www.fs.com

8

Enabled

ACCESS Gi1/1,Gi1/2

SwitchB# show aggregateport summary
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AggregatePort MaxPorts SwitchPort Mode

Ports

------------- -------- ---------- ------ ----------------------------------Ag3

8

Enabled

ACCESS Gi2/1,Gi2/2

24.5.2 Configuring LACP AP Ports

Configuration Effect



Connected devices perform autonegotiation through LACP to realize dynamic link aggregation.



The bandwidth of the aggregation link is equal to the sum of the member link bandwidths.



When a member link of the AP port is disconnected, the load carried by the link is automatically allocated to other functional
member links.



It takes LACP 90s to detect a link failure in long timeout mode and 3s in short timeout mode.

Notes



After a port exits an LACP AP port, the default settings of the port may be restored. Different functions deal with the default
settings of the member ports differently. It is recommended that you check and confirm the port settings after a member port
exits an LACP AP port.



Changing the LACP system priority may cause LACP member ports to be disaggregated and aggregated again.



Changing the priority of an LACP member port may cause the other member ports to be disaggregated and aggregated again.

Configuration Steps



Configuring LACP Member Ports



Mandatory.



Perform this configuration on LACP-enabled devices.

Command

port-group key-number mode { active | passive }

Parameter

Key-number: Indicates the management key of an AP port. In other words, it is the LACP AP port number. The

Description

maximum value is subject to the number of AP ports supported by the device.
active: Indicates that ports are added to a dynamic AP port actively.
passive: Indicates that ports are added to a dynamic AP port passively.

Defaults

By default, no physical ports are added to any LACP AP port.

Command

Interface configuration mode of the specified physical port

Mode
Usage Guide

Use this command in interface configuration mode to add member ports to an LACP AP port.

The LACP member port configuration at both ends of a link must be consistent.



Configuring the LACP System ID



Optional.



ConfiguretheLACP systemIDwhen LACP portsof multiple(amaximumof four)independent devicesneedtonegotiatewith
the LACP port of a specific device. Configure the LACP system ID together with the LACP device ID.

Command
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Parameter

system-id: Indicates the system ID of an aggregation group. It must be a valid unicast MAC address.

Description
Defaults

The LACP system ID is the MAC address of device by default.

Command

Interface configuration mode

Mode
Usage Guide

Use this command in interface configuration mode to configure the LACP system ID.



Configuring the LACP Device ID



Optional.



Configure theLACP deviceID when LACP ports of multiple (amaximum of four) independent devicesneed tonegotiatewith
the LACP port of a specific device. Configure the LACP device ID together with the LACP system ID.

Command

lacp device number

Parameter

number: Indicates the device ID of an aggregation group. The value ranges from 0 to 3.

Description
Defaults

The LACP device ID is 0 by default.

Command

Interface configuration mode

Mode
Usage Guide

Use this command in interface configuration mode to configure the LACP device ID.



Configuring the LACP System Priority



Optional.



Performthisconfiguration when you need toadjust the systemIDpriority. A smaller value indicates a higher systemIDpriority.
The device with a higher system ID priority selects an AP port.



Perform this configuration on LACP-enabled devices.

Command

lacp system-priority system-priority

Parameter

system-priority: Indicates the LACP system priority. The value ranges from 0 to 65535.

Description
Defaults

By default, the LACP system priority is 32768.

Command

Global configuration mode

Mode
Usage Guide

Usethiscommand inglobal configuration mode toconfigure the LACP system priority.All the dynamic member links
shareoneLACPsystempriority.ChangingtheLACPsystemprioritywillaffectallmemberlinks.Torestorethedefault
settings, run no lacp system-priority in interface configuration mode.



Configuring the Priority of an LACP Member Port



Optional.



Perform this configuration when you need to specify the port ID priority. A smaller value indicates a higher port ID priority. The
port with the highest port ID priority will be selected as the master port.



Perform this configuration on LACP-enabled devices.

Command

lacp port-priority port-priority

Parameter

port-priority: Indicates the priority of an LACP member port. The value ranges from 0 to 65535.
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Description
Defaults

By default, the priority of an LACP member port is 32768.

Command

Interface configuration mode of the specified physical port

Mode
Usage Guide

Use this command in global configuration mode to configure the priority of an LACP member port. To restore the
settings, run no lacp port-priority in interface configuration mode.



Configuring the Timeout Mode of LACP Member Ports



Optional.



When you need to implement real-timelink failure detection, configure the short timeout mode. It takes LACP 90s to detect a
link failure in long timeout mode and 3s in short timeout mode. (The default timeout time in LACP short timeout mode is 3
seconds. The value is changeable.)



Perform this configuration on LACP-enabled devices, such as switches.

Command

lacp short-timeout

Parameter

N/A

Description
Defaults

By default, the timeout mode of LACP member ports is long timeout.

Command

Interface configuration mode

Mode
Usage Guide

The timeout mode is supported only by physical ports.
To restore the default settings, run no lacp short-timeout in interface configuration mode.



Configuring the Timeout Time of the LACP System in Short Timeout Mode



Optional.



Configure this function when the timeout time of a device in LACP short timeout mode needs to be adjusted.



Configure this function on devices that support the LACP function.

Command

lacp short-timeout period value

Parameter

value: Indicates the timeout time in short timeout mode. The value ranges from 3 seconds to 90 seconds.

Description
Defaults

The default timeout time in LACP short timeout mode is 3 seconds.

Command

Global configuration mode

Mode
Usage Guide

In global configuration mode, run the command to configure the timeout time in LACP short timeout mode. All dynamic
link groups configured on a device share the same timeout time in LACP short timeout mode. Changing the value will
affect all aggregate groups on the switch. In interface configuration mode, run the no lacp short-timeout period
command to restore the timeout time in LACP short timeout mode to the default value.

Verification



Run show running to display the configuration.



Run show lacp summary to display LACP link state.

Command
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Parameter

key-name: Indicates the number of an LACP AP port.

Description
Command

Any mode

Mode
Usage Guide

The information on all LACP AP ports is displayed if you do not specify key-name.
The system ID and device ID are displayed if configured.
FS#show lacp summary
System Id:32768, 0000.1236.54aa
Flags: S - Device is requesting Slow LACPDUs
A - Device is in active mode.

F - Device is requesting Fast LACPDUs.

P - Device is in passive mode.

Aggregate port 2:
SystemId:0000.1236.54aa

Devicenum:1

Local information:
LACP port
Port

Flags

State

Oper

Priority

Key

Port

Port

Number State

--------------------------------------------------------------------------Te1/0/1

SA

down

32768

0x2

0x4001 0x45

Partner information:
LACP port
Port

Flags

Priority

Oper
Dev ID

Key

Port

Port

Number

State

-------------------------------------------------------------------------Te1/0/1

SP

0

0000.0000.0000

0x0

0x0

0x0

Configuration Example



Configuring LACP

Scenario
Figure 4-3

Configuration



On Switch A, set the LACP system priority to 4096.

Steps



EnabledynamiclinkaggregationontheGigabitEthernet1/1andGigabitEthernet1/2portsonSwitchAand add
the ports to LACP AP port 3.
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Enable dynamic link aggregation onthe GigabitEthernet2/1 and GigabitEthernet2/2 portson SwitchBand add
the ports to LACP AP port 3.

Switch A

SwitchA# configure terminal
SwitchA(config)# lacp system-priority 4096
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# end

Switch B

SwitchB# configure terminal
SwitchB(config)# lacp system-priority 61440
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3 mode active
SwitchB(config-if-range)# end

Verification



Run show lacp summary 3 to checkwhether LACP AP port 3 contains memberports GigabitEthernet2/1 and
GigabitEthernet2/2.

Switch A

SwitchA# show LACP summary 3
System Id:32768, 00d0.f8fb.0001
Flags: S - Device is requesting Slow LACPDUs
F - Device is requesting Fast LACPDUs.
A - Device is in active mode.

P - Device is in passive mode.

Aggregated port 3:
Local information:
LACP port
Port

Oper

Flags

Port

State

Port

Priority

Key

Number

State

--------------------------------------------------------------------Gi1/1

SA

bndl

32768

0x3

0x1

0x3d

Gi1/2

SA

bndl

32768

0x3

0x2

0x3d

Oper

Port

Partner information:
LACP port
Port

Flags

Priority

Dev ID

Key

Port

Number State

--------------------------------------------------------------------

Switch B
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Gi1/1

SA

32768

00d0.f800.0002

0x3

0x1

0x3d

Gi1/2

SA

32768

00d0.f800.0002

0x3

0x2

0x3d

SwitchB# show LACP summary 3
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System Id:32768, 00d0.f8fb.0002
Flags: S - Device is requesting Slow LACPDUs
F - Device is requesting Fast LACPDUs.
A -Device is inactive mode.

P-Deviceisinpassivemode.

Aggregated port 3:
Local information:
LACP port
Port

Oper

Flags

Port

State

Port
Priority

Key

Number

State

--------------------------------------------------------------------Gi2/1

SA

bndl

32768

0x3

0x1

0x3d

Gi2/2

SA

bndl

32768

0x3

0x2

0x3d

Oper

Port

Partner information:
LACP port
Port

Flags

Priority

DevID

Key

Port

Number State

-------------------------------------------------------------------Gi2/1

SA

32768

00d0.f800.0001 0x3

0x1

0x3d

Gi2/2

SA

32768

00d0.f800.0001 0x3

0x2

0x3d

24.5.3 Enabling LinkTrap

Configuration Effect
Enable the system with LinkTrap to send LinkTrap messages when aggregation links are changed.
Configuration Steps



Enabling LinkTrap for an AP Port



Optional.



Enable LinkTrap in interface configuration mode. By default, LinkTrap is enabled. LinkTrap messages are sent when the link state
or protocol state of the AP port is changed.



Perform this configuration on AP-enabled devices.

Command

snmp trap link-status

Parameter

N/A

Description
Defaults

By default, LinkTrap is enabled.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide

Use this command in interface configuration mode to enable LinkTrap for the specified AP port. After LinkTrap is
enabled, LinkTrap messages are sent when the link state of the AP port is changed. Otherwise, LinkTrap messages are
not sent. By default, LinkTrap is enabled. To disable LinkTrap for an AP port, run no snmp trap link-status in interface
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configuration mode.
LinkTrap cannot be enabled for a specific AP member port. To enable LinkTrap for all AP member ports, run
aggregateport member linktrap in global configuration mode.



Enabling LinkTrap for AP Member Ports



Optional.



By default, LinkTrap is disabled for AP member ports.



Perform this configuration on AP-enabled devices.

Command

aggregateport member linktrap

Parameter

N/A

Description
Defaults

By default, LinkTrap is disabled for AP member ports.

Command

Global configuration mode

Mode
Usage Guide

UsethiscommandinglobalconfigurationmodetoenableLinkTrapforallAPmemberports.Bydefault,LinkTrap
messagesarenotsentwhenthelinkstateofAPmemberportsischanged.TodisableLinkTrapforallAPmember
ports, run no aggregateport member linktrap in global configuration mode.

Verification



Run show running to display the configuration.



After LinkTrap is enabled, you can monitor this feature on AP ports or their member ports by using the MIB software.

Configuration Example



Enabling LinkTrap for AP Member Ports

Scenario
Figure 3-4

Configuration



Add the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on Switch A to static AP port 3.

Steps



Addthe GigabitEthernet 2/1 and GigabitEthernet 2/2 ports on Switch B to static AP port 3.



OnSwitchA,disableLinkTrapforAPport3andenableLinkTrapforitsmemberports.



On Switch B, disable LinkTrap for AP port 3 and enable LinkTrap its AP member ports.

Switch A

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3
SwitchA(config-if-range)# exit
SwitchA(config)# aggregateport member linktrap
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SwitchA(config)# interface Aggregateport 3
SwitchA(config-if-AggregatePort 3)# no snmp trap link-status
Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3
SwitchB(config-if-range)# exit
SwitchB(config)# aggregateport member linktrap
SwitchB(config)# interface Aggregateport 3
SwitchB(config-if-AggregatePort 3)# no snmp trap link-status

Verification



Run show running to check whether LinkTrap is enabled for AP port 3 and its member ports.

Switch A

SwitchA# show run | include AggregatePort 3
Building configuration...
Current configuration: 54 bytes
interface AggregatePort3
nosnmptraplink-status
SwitchA# show run | include AggregatePort
aggregateport member linktrap

Switch B

SwitchB# show run | include AggregatePort 3
Building configuration...
Current configuration: 54 bytes
interface AggregatePort3
nosnmptraplink-status
SwitchB# show run | include AggregatePort
aggregateport member linktrap

24.5.4 Configuring a Load Balancing Mode

Configuration Effect



Thesystemdistributesincomingpacketsamongmemberlinksbyusingthespecifiedloadbalancingalgorithm.Thepacketflow
with the consistent feature is transmitted by one member link, whereas different packet flows are evenly distributed to various
links. A device enabled withenhanced load balancing first determines the type of packets to be transmitted and performs load
balancingbasedonthespecifiedfieldsinthepackets.Forexample,theAPportperformssourceIP-basedloadbalancingonthe
packets containing an ever-changing source IPv4 address.



Inenhanced loadbalancing mode, configure thehashdisturbancefactortoensure that same packetsfromtwodevicesof the
same type will be balanced to different links.
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In enhanced load balancing mode, enable hash synchronization toensure that uplink and downlink packets of the same type
willbetransmittedoverthesamelink.Forexample,inloadbalancingbasedonthesourceanddestinationIPaddresses,enable
hashsynchronization forIPv4 packetstoensurethat theuplink and downlinkIPv4 packetswillbe transmittedover thesame
path.

Notes



Different disturbance factors may lead to the same disturbance effect.



Enable or disable hash synchronization for IPv4, IPv6, FCoE and On as required.

Configuration Steps



Configuring the Global Load Balancing Algorithm of an AP port



(Optional) Perform this configuration when you need to optimize load balancing.



Perform this configuration on AP-enabled devices.

Command

aggregateport load-balance { dst-mac | src-mac | src-dst-mac | dst-ip| src-ip| src-dst-ip| src-dst-ip-l4port |
enhanced profile profile-name }

Parameter

dst-mac: Indicates that load is distributed based on the destination MAC addresses of incoming packets.

Description

src-mac: Indicates that load is distributed based on the source MAC addresses of incoming packets.
src-dst-ip: Indicates that load is distributed based on source and destination IP addresses of incoming packets.
dst-ip: Indicates that load is distributed based on the destination IP addresses of incoming packets.
src-ip: Indicates that load is distributed based on the source IP addresses of incoming packets.
src-dst-mac: Indicates that load is distributed based on source and destination MAC addresses of incoming packets.
src-dst-ip-l4port: Indicates that load is distributed based on source IP and destination IP addresses as well as Layer-4
source and destination port numbers.
enhanced profile profile-name: Indicates the name of the enhanced load balancing profile.

Defaults

Load balancing can be based on source and destination MAC addresses (applicable toswitches), source and
destination IP addresses (applicable to gateways), or the profile of enhanced load balancing (applicable to switches
with CB line cards).

Command

Global configuration mode

Mode
Usage Guide

To restore the default settings, run no aggregateport load-balance in global configuration mode.
Youcan run aggregateport load-balance in interface configuration mode of an AP port on devices that support
load balancingconfiguration on aspecific AP port.The configuration ininterfaceconfiguration mode prevails.To
disablethe load balancing algorithm, run no aggregateport load-balance in interface configuration mode of the
AP port. After that, the load balancing algorithm configured in global configuration mode takes effect.
Youcan run aggregateport load-balance ininterfaceconfiguration mode of an AP port on devicesthat
support load balancing configuration on a specific AP port.




Renaming the Profile of Enhanced Load Balancing
By default, if a device supports enhanced load balancing, the system creates a profile named default for enhanced load
balancing. Performthisconfiguration when you need torename the profileor restore thedefault settings. In other cases,the
configuration is optional.



Perform this configuration on devices that support enhanced load balancing, such as aggregation switches and core switches.
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Command

load-balance-profile profile-name

Parameter

profile-name: Indicates the profile name, which contains up to 31 characters.

Description
Defaults

The default profile name is default.

Command

Global configuration mode

Mode
Usage Guide

Toenterdefaultprofilemode,runload-balance-profiledefault.Torenametheenhancedloadbalancingprofile,run
load-balance-profileprofile-nam.Torestorethe defaultprofile name, run default load-balance-profile inglobal
configuration mode. To restore the default load balancing settings, run default load-balance-profile profile-name in
global configuration mode.
Only one profile is supported globally. Please do not delete the profile. To display the enhanced load balancing
profile, run show load-balance-profile.



Configuring the Layer-2 Packet Load Balancing Mode



(Optional) Perform this configuration to specify the Layer-2 packet load balancing mode.



Perform this configuration on devices that support enhanced load balancing, such as aggregation switches and core switches.

Command

l2 field { [ src-mac ] [ dst-mac ] [ l2-protocol ] [src-port ] }

Parameter

src-mac: Indicates that load is distributed based on the source MAC addresses of incoming Layer-2 packets.

Description

dst-mac: Indicates that load is distributed based on the destination MAC addresses of incoming Layer-2 packets.
l2-protocol:Indicatesthatloadisdistributedbasedon theLayer-2protocoltypesof incomingLayer-2packets.
src-port: Indicates that load is distributed based on the panel port for incoming Layer-2 packets.

Defaults

By default, the load balancing mode is src-mac, dst-mac and vlan.

Command

Profile configuration mode

Mode
Usage Guide

To restore the default settings, run no l2 field in profile configuration mode.



Configuring the IPv4 Packet Load Balancing Mode



Optional.



Perform this configuration to specify the IPv4 packet load balancing mode.



Perform this configuration on devices that support enhanced load balancing, such as aggregation switches and core switches.

Command

ipv4 field {[ src-ip ] [ dst-ip ] [ protocol ] [ l4-src-port ][ l4-dst-port ] [ src-port ] }

Parameter

src-ip: Indicates that load is distributed based on the source IP addresses of incoming IPv4 packets.

Description

dst-ip: Indicates that load is distributed based on the destination IP addresses of incoming IPv4 packets.
protocol: Indicates that load is distributed based on the protocol types of incoming IPv4 packets.
l4-src-port:IndicatesthatloadisdistributedbasedontheLayer-4sourceportnumbersofincomingIPv4packets.
l4-dst-port: Indicates that load is distributed based on the Layer-4 destination port numbers of incoming IPv4
packets.
src-port: Indicates that load is distributed based on the panel port for incoming IPv4 packets.

Defaults

By default, the load balancing mode is src-ip and dst-ip.

Command

Profile configuration mode

Mode
Usage Guide
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Configuring the IPv6 Packet Load Balancing Mode



Optional.



Perform this configuration to specify the IPv6 packet load balancing mode.



Perform this configuration on devices that support IPv6 packet load balancing, such as aggregation switches and core switches.

Command

ipv6 field { [ src-ip ] [ dst-ip ] [ protocol ] [ l4-src-port ][ l4-dst-port ] [ src-port ]}

Parameter

src-ip: Indicates that load is distributed based on the source IP addresses of incoming IPv6 packets.

Description

dst-ip: Indicates that load is distributed based on the destination IP addresses of incoming IPv6 packets.
protocol: Indicates that load is distributed based on the protocol types of incoming IPv6 packets.
l4-src-port:IndicatesthatloadisdistributedbasedontheLayer-4sourceportnumbersofincomingIPv6packets.
l4-dst-port: Indicates that load is distributed based on the Layer-4 destination port numbers of incoming IPv6
packets.
src-port: Indicates that load is distributed according to the source port numbers of incoming IPv6 packets.

Defaults

By default, the load balancing mode is src-ip and dst-ip.

Command

Profile configuration mode

Mode
Usage Guide

To restore the default settings, run no ipv6 field in profile configuration mode.



Configuring the MPLS Packet Load Balancing Mode



Optional.



Perform this configuration to specify the MPLS packet load balancing mode.



Perform this configuration on devices that support MPLS packet load balancing, such as aggregation switches and core
switches.

Command

mpls field { [ top-label ] [ 2nd-label ] [3rd-label] [ src-ip ] [ dst-ip ] [ vlan ] [ src-port ] [dst-port] [src-mac]
[dst-mac] [protocol] [l4-src-port] [l4-dst-port] [l2-etype] }

Parameter

src-ip: Indicates that load is distributed based on the source IP addresses of incoming MPLS packets.

Description

dst-ip: Indicates that load is distributed based on the destination IP addresses of incoming MPLS packets.
top-label: Indicates that load is distributed based on the top labels of incoming MPLS packets.
2nd-label: Indicates that load is distributed based on the second labels of incoming MPLS packets.
3rd-label: Indicates that load is distributed based on the thirdlabels of incoming MPLS packets.
vlan: Indicates that load is distributed based on the VLAN IDs of incoming MPLS packets.
src-port: Indicates that load is distributed based on the source port numbers of incoming MPLS packets.
dst-port: Indicates that load is distributed based on the panel port for outgoing MPLS packets.
src-mac: Indicates that load is distributed based on the source MAC addresses of incoming MPLS packets.
dst-mac: Indicates that load is distributed based on the destination MAC addresses of incoming MPLS packets.
protocol: Indicates that load is distributed based on the protocol types of incoming MPLS packets.
l4-src-port: Indicates that load is distributed based on the Layer-4 source port numbers of incoming MPLS packets.
l4-dst-port: Indicates that load is distributed based on the Layer-4 destination port numbers of incoming MPLS
packets.
l2-etype: Indicates that load is distributed based on the Ethernet types of MPLS packets.

Defaults

By default, the load balancing mode of MPLS packets is top-label and 2nd-label.

Command

Profile configuration mode

Mode
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Usage Guide

To restore the default settings, run no mpls field in profile configuration mode.

The MPLS load balancing algorithm takes effect only for MPLS Layer-3 VPN packets.



Configuring the TRILL Packet Load Balancing Mode



Optional.



Perform this configuration to specify the TRILL packet load balancing mode.



Perform this configuration on devices that support TRILL packet load balancing, such as aggregation switches and core
switches.

Command

trill field { [vlan] [src-ip] [dst-ip ] [src-port] [dst-port] [src-mac] [dst-mac] [l4-src-port] [l4-dst-port] [l2-etype]
[protocol] [ing-nick] [egr-nick] }

Parameter

vlan: Indicates that load is distributed based on the VLAN IDs of incoming TRILL packets.

Description

src-ip: Indicates that load is distributed based on the source IP addresses of incoming TRILL packets.
dst-ip: Indicates that load is distributed based on the destination IP addresses of incoming TRILL packets.
src-port: Traffic is distributed according to the source port numbers of the incoming TRILL packets.
src-mac: Indicates that load is distributed based on the source MAC addresses of incoming TRILL packets.
dst-mac: Indicates that load is distributed based on the destination MAC addresses of incomingTRILL packets.
l4-src-port: Indicates that load is distributed based on the Layer-4 source port numbers of incoming TRILL packets.
l4-dst-port: Indicates that load is distributed based on the Layer-4 destination port numbers of incomingTRILL
packets.
l2-etype: Indicates that load is distributed based on the Ethernet types of TRILL packets.
protocol: Indicates that load is distributed based on the protocol types of incoming TRILL packets.
Ing-nick: Indicates that load is distributed based on the Ingress Rbridge Nicknames of incomingTRILL packets.
egr-nick: Indicates that load is distributed based on the Egress Rbridge Nicknames of incoming TRILL packets.

Defaults

By default, the load balancing mode of TRILL packets is src-mac, dst-mac and vlan.

Command

Profile configuration mode

Mode
Usage Guide

To restore the default settings, run no trill field in profile configuration mode.
TRILL Transit RBridge packet flows are balanced based on the following fields: ing-nick, egr-nick, src-mac,
dst-mac, vlan, andl2-etype.
TRILL Egress RBridge packet flows are balanced based on the following fields:
Layer-2 packets: src-mac, dst-mac, vlan, and l2- protocol.
Layer-3 packets: src-ip, dst-ip, l4-src-port, l4-dst-port, protocol, and vlan.
The src-port and dst-port fields can be used to balance allTRILL Transit RBridge and TRILL Egress RBridge
packet flows.



Configuring the FCoE Packet Load Balancing Mode



Optional.



Perform this configuration to specify the FCoE packet load balancing mode.



Perform this configuration on devices that support FCoE packet load balancing, such as aggregation switches and core
switches.
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Command

fcoe field {[vlan] [src-port] [dst-port] [src-id] [dst-id] [rx-id] [ox-id] [fabric-id]}

Parameter

vlan: Indicates that load is distributed based on the VLAN IDs of incoming FCoE packets.

Description

src-port: Indicates that load is distributed based on the source port numbers of incoming FCoE packets.
src-id: Indicates that load is distributed based on the source IDs of FCoE packets.
dst-id: Indicates that load is distributed based on the destination IDs of FCoE packets.
rx-id: Indicates that load is distributed based on the Responder Exchange IDs of FCoE packets.
ox-id: Indicates that load is distributed based on the Originator Exchange IDs of FCoE packets.
fabric-id: Indicates that load is distributed based on the FC network fabric IDs of FCoE packets.

Defaults

By default, the load balancing mode of FCoE packets is src-id, dst-id and ox-id.

Command

Profile configuration mode

Mode
Usage Guide

To restore the default settings, run no fcoe field in profile configuration mode.



Configuring the Hash Disturbance Factor



Optional



Perform this operation to balance packets of the same type over the AP port for devices of the same type.

Command

hash-disturb {string | { [ seed seed_value ] [ offset offset ] ｝}

Parameter

string: Indicates the character string used to calculate the hash disturbance factor.

Description

seed_value: Indicates the seed value of hash disturbance.
offset: Indicates the offset value of hash disturbance.

Defaults

By default, no hash disturbance factor is set.

Command

Profile configuration mode

Mode
Usage Guide

To restore the default settings, run no hash-disturb in profile configuration mode.
To configure HASH disturbance, you can run either the hash-disturb string command or the hash-disturb { [ seed
seed_value ] [ offset offset ] } command. The latter is supported on few models. And these two commands are
mutually excluded. Thus, you need to remove the first configuration before adopting a second configuration.



Enabling or Disabling Hash Synchronization



Optional



Perform this operation to ensure that uplink and downlink streams of the same packet type are transmitted over the same path.

Command

hash-disturb {ipv4 | ipv6 | fcoe }

Parameter

ipv4: Indicates that hash synchronization is enabled for IPv4 packets.

Description

ipv6: Indicates that hash synchronization is enabled for IPv6 packets.
fcoe: Indicates that hash synchronization is enabled for FCoE packets.

Defaults

Set it as required.

Command

Profile configuration mode

Mode
Usage Guide

When hash synchronization is enabled for IPv4, IPv6, and FCoE packets as required, if uplink and downlink streams of
the same packet type do not need to be transmitted over the same path, run the no form of this command in profile
configuration mode.



Configuring Global Traffic Balance Algorithm Mode on AP
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Optional



Perform this operation when traffic changes to keep traffic balance.

Command

aggregateport algorithm mode number

Parameter

Number: Indicates algorithm mode.

Description
Defaults

The default mode varies from product. Run command show aggregateport load-balance to check the default
setting.

Command

Global configuration mode

Mode
Usage Guide

Run command no aggregateport algorithm mode in global configuration mode to restore the default setting. Run
command show running and show aggregateport load-balance to check whether it takes effect.



Configuring the Balancing Factor Acquisition Mode for Tunnel Packets



Optional. When performing load balancing, use this command to specify the balancing factor acquisition mode for specific
tunnel packets, to optimize traffic balancing.

Command

aggregateport hash-header {inner | outer | inner-outer}

Parameter

inner:Specifiestheinnerlayer intheheader oftunnelpacketsas thesourceforacquiringthebalancingfactor.

Description

outer:Specifiestheouter layerintheheaderoftunnelpacketsasthesourceforacquiringthebalancingfactor.
inner-outer: Specifies both the inner and outer layers in the header of tunnel packets as the source for acquiring the
balancing factor.

Defaults

The default configuration varies with products.

Command

Global configuration mode

Mode
Usage Guide

Use the default form of this command to restore the default acquisition mode.
Afterconfiguration, if theshow running command does not display the configuration, theconfigured mode isthe same
as the default value.
The supported configuration options and types of tunnel packets vary with products. N5860 and N8560 series
products support the outer configuration.

Verification



Run show running to display the configuration.



Runshowaggregateportload-balancetodisplaytheloadbalancingconfiguration.Ifadevicesupportsloadbalancing
configuration on a specific AP port, run show aggregateport summary to display the configuration.



Run show load-balance-profile to display the enhanced load balancing profile.

Command

show aggregateport aggregate-port-number [ load-balance | summary ]

Parameter

aggregate-port-number: Indicates the number of an AP port.

Description

load-balance: Displays the load balancing algorithm.
summary: Displays the summary of each link.

Command

Any mode

Mode
Usage Guide
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FS# show aggregateport 1 summary
AggregatePort MaxPorts

SwitchPort Mode

Load balance

Ports

------------- --------------- ---------- ------ ---------------------------- -----------------------Ag1

8

Enabled

Command

show load-balance-profile [ profile-name ]

Parameter

profile-name: Indicates the profile name.

ACCESS dst-mac

Gi0/2

Description
Command

Any mode

Mode
Usage Guide

All enhanced profiles are displayed if you do not specify the profile number.
FS# show load-balance-profile module0
Load-balance-profile: module0
Packet

Hash Field:

IPv4: src-ip dst-ip
IPv6: src-ip dst-ip
L2 : src-mac dst-mac vlan
MPLS: top-labe l2nd-label
Configuration Example



Configuring a Load Balancing Mode

Scenario
Figure 4-4

Configuration



Add the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on Switch A to static AP port 3.

Steps



Addthe GigabitEthernet 2/1 and GigabitEthernet 2/2 ports on Switch B to static AP port 3.



On SwitchA, configure sourceMAC address-based load balancing for AP port 3 in global configuration mode.



OnSwitchB,configuredestinationMACaddress-basedloadbalancingforAPport3inglobalconfiguration
mode.

Switch A

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3
SwitchA(config-if-range)# exit
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SwitchA(config)# aggregateport load-balance src-mac
Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3
SwitchB(config-if-range)# exit
SwitchB(config)# aggregateport load-balance dst-mac

Verification



Switch A

SwitchA# show aggregatePort load-balance

Run show aggregateport load-balance to check the load balancing algorithm configuration.

Load-balance
Switch B

SwitchB# show aggregatePort load-balance
Load-balance



: Source MAC

: Destination MAC

Configuring Hash Load Balancing Control

Scenario
Figure 4-5

Configuration



Add the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on Switch A to staticAP port 3.

Steps



Addthe GigabitEthernet 2/1 and GigabitEthernet 2/2 ports on Switch Btostatic AP port 3.



On Switch A, disable hash synchronization for FCoE packets.



On Switch B, disable hash synchronization for FCoE packets.



On Switch A, configure the hash disturbance factor A.



On Switch B, configure the hash disturbance factor B.



On Switch A, enable flexible hash.



On Switch B, enable flexible hash.

Switch A

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3
SwitchA(config-if-range)# exit
SwitchA(config)#load-balance-profile
SwitchA(config-load-balance-profile)#no hash-symmetrical fcoe
SwitchA(config-load-balance-profile)#hash-disturb A

www.fs.com

240

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

SwitchA(config-load-balance-profile)#exit
Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3
SwitchB(config-if-range)# exit
SwitchB(config)#load-balance-profile
SwitchB(config-load-balance-profile)# no hash-symmetrical fcoe
SwitchA(config-load-balance-profile)#hash-disturb B
SwitchB(config-load-balance-profile)#exit

Verification



Run show running to check whether the configuration is correct.

Common Errors
A user enables hash synchronization for IPv4, IPv6, FCoE and On packets. However, no configuration is displayed when the user runs
show running. This is because hash synchronization for IPv4, IPv6, and FCoE packets is enabled by default. After the user disables the
function, the configuration is displayed.
24.5.5 Configuring an AP Capacity Mode

Configuration Effect



Change the maximum number of configurable AP ports and the maximum number of member ports in each AP port.

Notes




The system has a default AP capacity mode. Youcan run show aggregateport capacity to display the current capacity mode.
If the current configuration (maximum number of AP ports or the number of member ports in each AP port) exceeds the
capacity to be configured, the capacity mode configuration will fail.

Configuration Steps



Configuring an AP Capacity Mode



(Optional) Perform this configuration to change the AP capacity.



Perform this configuration on devices that support AP capacity change, such as core switches.

Command

aggregateport capacity mode capacity-mode

Parameter

capacity-mode: Indicates a capacity mode.

Description
Defaults

By default, AP capacity modes vary with devices. For example, 256 x 16 indicates that the device has a maximum of
256 AP ports and 16 member ports in each AP port.

Command

Global configuration mode

Mode
Usage Guide

The system provides several capacitymodes for devices that support capacity mode configuration. Torestore the
default settings, run no aggregateport capacity mode in global configuration mode.

Verification
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Run show running to display the configuration.



Run show aggregateport capacity to display the current AP capacity mode and AP capacity usage.

Command

show aggregateport capacity

Parameter

N/A

Description
Command

Any mode

Mode
Usage Guide

N/A
FS# show aggregateport capacity
AggregatePort Capacity Information:
Configuration Capacity Mode: 128*16.
Effective Capacity Mode

: 256*8.

Available Capacity

: 128*8.

Total Number: 128, Used: 1, Available: 127.

Configuration Example



Configuring an AP Capacity Mode

Scenario
Figure 4-6

Configuration



Add the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on Switch A tostatic AP port 3.

Steps



Addthe GigabitEthernet 2/1 and GigabitEthernet 2/2 ports on SwitchB tostatic AP port 3.



On Switch A, configure the 128 x128 AP capacity mode.



On Switch B, configure the 256 x 64 AP capacity mode.

Switch A

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3
SwitchA(config-if-range)# exit
SwitchA(config)# aggregateport capacity mode 128*128

Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# port-group 3
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SwitchB(config-if-range)# exit
SwitchB(config)# aggregateport capacity mode 256*64

Verification



Switch A

SwitchA# show aggregatePort capacity

Run show aggregateport capacity to check the AP capacity mode configuration.

AggregatePort Capacity Information:
Configuration Capacity Mode: 128*128.
Effective Capacity Mode

: 128*128.

Available Capacity Mode

: 128*128.

Total Number : 128, Used: 1, Available: 127.
Switch B

SwitchB# show aggregatePort capacity
AggregatePort Capacity Information:
Configuration Capacity Mode: 256*64.
Effective Capacity Mode

: 256*64.

Available Capacity Mode

:256*64.

Total Number : 256, Used: 1, Available: 255.

24.5.6 Enabling BFD for AP Member Ports

Configuration Effect



Enable BFD for all the member ports of a specified AP port.



AfterBFD is enabled for an AP port, each member port performs BFD todetermine whether the packetsshould be distributed
to the member port to realize load balancing. When BFD detects a member port Down, the packets are not distributed to the
port. When BFD detects that the member port is restored to Up, the packets are distributed to the port again.

Notes



After BFD is enabled for an AP port, BFD sessions are set up. To make the sessions take effect, you need to configure BFD
parameters. For details, see Configuring BFD.



Enabling or disabling BFD for a single AP member port is not supported. You must enable or disable BFD for the entire AP group.



Only member ports in the forwarding state are enabled with BFD. If a member port is not in the forwarding state because the
link or LACP is down, the BFD session on the member port is automatically deleted.



Ifonly one member port isavailable (inthe forwardingstate), all packetsaredistributed tothisport. In thiscase,BFD fails.When
there are more than one available member port, BFD takes effect again.

Configuration Steps



Enabling BFD for AP Member Ports



(Optional) Enable BFD when you need to detect path failure on member ports in milliseconds.Traffic on the faulty link will be
switched to other member links in case of a link failure.
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Perform this configuration on devices that support AP-BFD correlation.

Command

aggregate bfd-detect {ipv4 | ipv6} src_ip dst_ip

Parameter

ipv4: Enables IPv4 BFD if the AP port is configured with an IPv4 address.

Description

ipv6: Enables IPv6 BFD if the AP port is configured with an IPv6 address.
src_ip: Indicates the source IP address, that is, the IP address configured on the AP port.
dst_ip: Indicates the destination IP address, that is, the IP address configured on the peer AP port.

Defaults

By default, BFD is disabled.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide

1.

TomakeBFD sessionstakeeffect,you needtoconfigure BFDparameters.Fordetails,seeConfiguringBFD.

2.

Different products may support different IPv4/IPv6 BFD.

3.

Both IPv4 BFD and IPv6 BFD can be enabled for an AP port if both are supported.

4.

AfterBFDisenabledforanAP port, BFDsessionsareautomaticallysetupon itsmemberports intheforwarding
state.

Verification



Run show running to display the configuration.



Run show interface aggregateport to display the BFD state of the AP member ports.

Command

show interface aggregateport ap-num

Parameter

ap-num: Indicates the number of an AP port.

Description
Command

Any mode

Mode
Usage Guide

N/A
FS#showinterfaceaggregateport 11
…
Aggregate Port Informations:
Aggregate Number: 11
Name: "AggregatePort 11"
Members: (count=2)
GigabitEthernet 0/1

Link Status: Up

Lacp Status: bndl

BFD Status: UP

GigabitEthernet 0/2

Link Status: Up

Lacp Status: susp

BFD Status: Invalid

…
Configuration Example



Enabling IPv4 BFD for AP Member Ports
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Scenario
Figure 4-7

Configuration



Steps

EnableLACPfortheGigabitEthernet1/1andGigabitEthernet1/2portsonSwitchAandaddtheportstoLACP
AP port 3.



EnableLACPfortheGigabitEthernet2/1andGigabitEthernet2/2portsonSwitchBandaddtheportstoLACP
AP port 3.

Switch A



Configure IP address 1.0.0.1 for AP port 3 on Switch A and enable IPv4 BFD.



Configure IP address 1.0.0.2 for AP port 3 on Switch B and enable IPv4 BFD.

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# no switchport
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# exit
SwitchA(config)# interface aggregateport 3
SwitchA(config-if-Aggregateport 3)# ip address 1.0.0.1
SwitchA(config-if-Aggregateport 3)# aggregate bfd-detect ipv4 1.0.0.1 1.0.0.2
SwitchA(config-if-Aggregateport 3)# bfd interval 50 min_rx 50 multiplier 3

Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 1/1-2
SwitchB(config-if-range)# no switchport
SwitchB(config-if-range)# port-group 3 mode active
SwitchB(config-if-range)# exit
SwitchB(config)# interface aggregateport 3
SwitchB(config-if-Aggregateport 3)# ip address 1.0.0.2
SwitchB(config-if-Aggregateport 3)# aggregate bfd-detect ipv4 1.0.0.2 1.0.0.1
SwitchB(config-if-Aggregateport 3)# bfd interval 50 min_rx 50 multiplier 3

Verification
Switch A



Run show run to check whether the configuration takes effect.



Run show interface aggregateport to display the BFD state of the AP member ports.

SwitchA# show run | include AggregatePort 3
Building configuration...
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Current configuration: 54 bytes
interface AggregatePort 3
no switchport
ip address 1.0.0.1
aggregate bfd-detect ipv4 1.0.0.1 1.0.0.2
bfd interval 50 min_rx 50 multiplier 3
SwitchA# show interface aggregateport3
…
Aggregate Port Informations:
Aggregate Number: 3
Name: "AggregatePort 3"
Members: (count=2)
GigabitEthernet 1/1

Link Status: Up

Lacp Status: bndl

BFD Status: UP

GigabitEthernet 1/2

Link Status: Up

Lacp Status: bndl

BFD Status: UP

…
Switch B

SwitchB# show run | include AggregatePort 3
Building configuration...
Current configuration: 54 bytes
interface AggregatePort 3
no switchport
ip address 1.0.0.2
aggregate bfd-detect ipv4 1.0.0.2 1.0.0.1
bfd interval 50 min_rx 50 multiplier 3
SwitchB# show interface aggregateport 3
…
Aggregate Port Informations:
Aggregate Number: 3
Name: "AggregatePort 3"
Members: (count=2)
GigabitEthernet 1/1

Link Status: Up

Lacp Status: bndl

BFD Status: UP

GigabitEthernet 1/2

Link Status: Up

Lacp Status: bndl

BFD Status: UP

…
Common Errors
1.

If BFD is enabled for an AP port without BFD parameters, BFD does not take effect.
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2.

After BFD is enabled for an AP port, the BFD neighbor must be a directly connected AP port enabled with BFD.

24.5.7 Configuring a Preferred AP Member Port

Configuration Effect



Configure a member port as the preferred AP member port.



After the preferred member port is configured, the management VLAN packets on the AP port are forwarded by this port.

Notes





For details about management VLAN configuration, see Configuring MAC.
Only one preferred member port can be configured for one AP port.
Afteran LACPAP member port isconfiguredas the preferredAP memberport, ifthe LACP negotiationonall APmemberports
fails, the preferred port is automatically downgraded to a static AP member port.

Configuration Steps



Configuring a Preferred AP Member Port



(Optional) Perform this configuration to specify an AP member port dedicated to forwarding management VLAN packets.



Theconfigurationisapplicabletodual-systemservers.Configuretheport connectedtothemanagementNICoftheserveras
the preferred AP member port.

Command

aggregateport primary-port

Parameter

N/A

Description
Defaults

By default, No AP member port is a preferred port.

Command

Interface configuration mode of an AP member port

Mode
Usage Guide

N/A

Verification



Run show running to display the configuration.



Run show interface aggregateport to display the preferred AP member port.

Command

show interface aggregateport ap-num

Parameter

ap-num: Indicates the number of an AP port.

Description
Command

Any mode

Mode
Usage Guide

N/A
FS# show interface aggregateport 11
…
Aggregate Port Informations:
Aggregate Number: 11
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Name: "AggregatePort 11"
Members: (count=2)
Primary Port: GigabitEthernet 0/1
GigabitEthernet0/1

Link Status:Up

Lacp Status: bndl

GigabitEthernet0/2

Link Status:Up

Lacp Status: bndl

…

Configuration Example



Configuring a Preferred AP Member Port

Scenario
Figure 4-8

Configuration



Steps

Switch A

EnableLACP for the GigabitEthernet 1/1 and GigabitEthernet 1/2ports on SwitchAand add theports to
LACP AP port3.



Configure the GigabitEthernet 1/1 port on Switch A as a preferred port.



Configure VLAN 10 on Switch A as the management VLAN.

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# exit
SwitchA(config)# interface gigabitEthernet 1/1
SwitchA(config-if-GigabitEthernet 1/1) aggregateport primary-port
SwitchA(config-if-GigabitEthernet 1/1)#exit
SwitchA(config)# aggregateport-admin vlan 10
SwitchA(config)# interface aggregateport 3
SwitchA(config-if-Aggregateport 3)# switchport mode trunk
SwitchA(config-if-Aggregateport 3)#

Verification
Switch A



Run show run to check whether the configuration takes effect.



Run show interface aggregateport to display the preferred AP member port.

SwitchA# show run | include GigabitEthernet 1/1
Building configuration...
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Current configuration: 54 bytes
interface GigabitEthernet 1/1
aggregateport primary-port
portgroup 3 mode active
SwitchA# show interface aggregateport 3
…
Aggregate Port Informations:
Aggregate Number: 3
Name: "AggregatePort 3"
Members: (count=2)
Primary Port: GigabitEthernet 1/1
GigabitEthernet1/1

Link Status:Up

Lacp Status: bndl

GigabitEthernet1/2

Link Status:Up

Lacp Status: bndl

…

24.5.8 Configuring the Minimum Number of LACP AP Member Ports

Configuration Effect



After the minimum number of AP member ports is configured, the aggregation group takes effect only when the number of
member ports is greater than the minimum number.

Notes



If the number of LACP AP member ports for an LACP aggregation group isless than theminimum number of AP member ports
configured, all AP member ports are in the unbinding state.



After the minimum number of static AP member ports is configured, if the number of static AP member ports in the Up state is
less than the minimum number, the static AP member ports in the Up state cannot forward data and the corresponding AP is
down. However, the state of the peer is not affected. Therefore, corresponding functions must be configured on the peer.

Configuration Steps



Configuring the Minimum Number of AP Member Ports



(Optional) Perform this configuration to specify the minimum number of AP member ports.

Command

aggregateport member minimum number

Parameter

number: Indicates the minimum number of member ports.

Description
Defaults

By default, the minimum number of member ports is 1.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide
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Configuring the Minimum Number of AP Member Ports (Action)



(Optional) Perform this configuration when the number of AP member ports in the Up state is less than the minimum number
of the AP member ports.

Command

aggregateport member minimum action [shutdown]

Parameter

Shutdown: shuts down the aggregated port when the number of AP member ports in the Up state is less than the

Description

minimum number of the AP member ports.

Defaults

By default, no action is triggered.

Command

Interface configuration mode of the specified AP port

Mode
Usage Guide

N/A

Verification



Run show running to display the configuration.



Run show interface aggregateport to display the state of the AP member ports.

Command

show interface aggregateport ap-num

Parameter

ap-num: Indicates the number of an AP port.

Description
Command

Any mode

Mode
Usage Guide

N/A
FS# show interface aggregateport 3
…
Aggregate Port Informations:
Aggregate Number: 3
Name: "AggregatePort 3"
Members: (count=2)
GigabitEthernet 0/1

Link Status:Up

Lacp Status: bndl

GigabitEthernet 0/2

Link Status:Up

Lacp Status: bndl

…

Configuration Example



Configuring the Minimum Number of LACP AP Member Ports, with the Number of LACP AP Member Ports Less Than the
Minimum Number of LACP AP Member Ports
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Scenario
Figure 4-9

Configuration



Steps

EnableLACP for the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports onSwitchA andadd theports to
LACP AP port3.



EnableLACPfor the GigabitEthernet 2/1 and GigabitEthernet 2/2ports on SwitchB andadd theports to
LACP AP port3.


Switch A

On Switch A, set the minimum number of the member ports of AP port 3 to 3.

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# no switchport
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# exit
SwitchA(config)# interface aggregateport 3
SwitchA(config-if-Aggregateport 3)# aggregateport minimum member 3

Switch B

SwitchB# configure terminal
SwitchB(config)# interface range GigabitEthernet 2/1-2
SwitchB(config-if-range)# no switchport
SwitchB(config-if-range)# port-group 3 mode active
SwitchB(config-if-range)# exit
SwitchB(config)# interface aggregateport 3
SwitchB(config-if-Aggregateport 3)# aggregateport minimum member 3

Verification
Switch A



Run show run to check whether the configuration takes effect.



Run show lacp summery to display the aggregation state of each AP member port.

SwitchA# show LACP summary 3
System Id:32768, 00d0.f8fb.0001
Flags: S - Device is requesting Slow LACPDUs
F - Device is requesting Fast LACPDUs.
A - Device is in active mode.
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Aggregate port 3:
Local information:
LACP port
Port

Oper

Flags

Port

State

Port

Priority

Key

Number

State

--------------------------------------------------------------------Gi1/1

SA

bndl

32768

0x3

0x1

0x3d

Gi1/2

SA

bndl

32768

0x3

0x2

0x3d

Oper

Port

Partner information:
LACP port
Port

Flags

Priority

DevID

Key

Port

Number State

--------------------------------------------------------------------



Gi1/1

SA

32768

00d0.f800.0002 0x3

0x1

0x3d

Gi1/2

SA

32768

00d0.f800.0002 0x3

0x2

0x3d

Configuring the Minimum Number of LACP AP Member Ports, with the Number of LACP AP Member Ports Not Less Than
the Minimum Number of LACP AP Member Ports

Scenario
Figure 4-10

Configuration



Steps

Enable LACP for the GigabitEthernet 1/1, GigabitEthernet 1/2 and GigabitEthernet 1/3 ports on Switch A
and add the ports to LACP AP port 3.



Enable LACP for the GigabitEthernet 2/1, GigabitEthernet2/2 and GigabitEthernet 2/3 ports on Switch B
and add the ports to LACP AP port 3.


Switch A

Set the minimum number of member ports of LACP AP port 3 to 2.

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-3
SwitchA(config-if-range)# no switchport
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# exit
SwitchA(config)# interface aggregateport 3
SwitchA(config-if-Aggregateport 3)# aggregateport member minimum 2

Switch B
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SwitchB(config)# interface range GigabitEthernet 2/1-3
SwitchB(config-if-range)# no switchport
SwitchB(config-if-range)# port-group 3 mode active
SwitchB(config-if-range)# exit
SwitchB(config)# interface aggregateport 3
SwitchB(config-if-Aggregateport 3)# aggregateport member minimum 2

Verification
Switch A



Run show run to check whether the configuration is correct.



Run show lacp summery to query the status of each member port of the AP port.

SwitchA# show LACP summary 3
System Id:32768, 00d0.f8fb.0001
Flags: S - Device is requesting Slow LACPDUs
F - Device is requesting Fast LACPDUs.
A - Device is in active mode.

P - Device is in passive mode.

Aggregate port 3:
Local information:
LACP port
Port

Oper

Flags

Port

State

Port

Priority

Key

Number

State

--------------------------------------------------------------------Gi1/1

SA

bndl

32768

0x3

0x1

0x3d

Gi1/2

SA

bndl

32768

0x3

0x2

0x3d

Gi1/3

SA

bndl

32768

0x3

0x3

0x3d

Partner information:
LACP port
Port

Flags

Priority

Oper
Dev ID

Key

Port

Port

Number State

-------------------------------------------------------------------Gi1/1

SA

32768

Gi1/2

SA

32768

Gi1/3

SA

32768

00d0.f800.0002
00d0.f800.0002
00d0.f800.0002

0x3

0x1

0x3d

0x3

0x2

0x3d

0x3

0x3

0x3d

Common Errors
Thenumber of LACP APmemberports of an LACPaggregation group islessthan theminimumnumber of APmemberports
configured, the LACP aggregation group is not in the binding state.
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24.5.9 Enabling the LACP Independent Port Function

Configuration Effect



Afterthe independent LACP port function is enabled, an LACP memberport automatically changes toa common physical port
iftheLACPmemberportdoesnotreceiveLACPpacketswithinthesettime-outperiod.TheLACPmemberportstateischanged
to individual and the LACP member port can forward packets properly.



After the LACP member port receives LACP packets, it changes to an LACP independent port again to perform LACP packet
negotiation.



The time-out period of an independent port can be adjusted by configuration.

Notes



After the LACP independent port function is enabled, an LACP member port will not change to a common physical port
immediately.An LACPmember port changestoan independent port (acommonphysical port) only ifit does not receive LACP
packets within the set time-out period,



The time-out period configuration of LACP independent port only affects LACP member ports that have not turned into
independent ports. After the time-out period is configured, the period calculation will restart.



In the long time-out mode, the LACP packet is sent every 30s. The time-out period should be longer than 30s so as not to affect
the normal LACP negotiation. It is recommended to configure the time-out period at least twice the period of LACP packet
sending. In the short time-out period, there is no limit.

Configuration Steps



Enabling the LACP Independent Port Function



Optional



Performthisoperationsothatanmemberport ofLACP aggregategroup canforwardpacketsnormallywhen theLACPmember
port cannot perform LACP negotiation.

Command

lacp individual-port enable

Parameter

N/A

Description
Defaults

By default, the LACP independent port function is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring the Time-out Period of LACP Independent Port



Optional



Perform this operation when an LACP independent port needs to adjust the time-out period.

Command

lacp individual-timeout period time

Parameter

Time: Time-out period. The range is 10-90, and the unit is second.

Description
Defaults
Command

www.fs.com
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Mode
Verification



Run show running to query the corresponding configuration.



Run show interface aggregateport to query the AP member port status.

Command

show interface aggregateport ap-num

Parameter

ap-num: Indicates the AP number.

Description
Command

All modes

Mode
Usage Guide

N/A

Command

FS# show interface aggregateport 3

Presentation

…
Aggregate Port Informations:
Aggregate Number: 3
Name: "AggregatePort 3"
Members: (count=2)
GigabitEthernet 0/1

LinkStatus:Up

Lacp Status: individual

GigabitEthernet 0/2

LinkStatus:Up

Lacp Status: individual

…
Configuration Example



Enabling the LACP Independent Port Function

Scenario
Figure 4-11

Description

As shown in Figure 4-11, the server uses NIC 1 and NIC 2 as the communication ports to access to the
Gigabitethernet1/1 and Gigabitethernet1/2 ports of the access device. The Gigabitethernet1/1 and
Gigabitethernet1/2portsareaddedtotheLACPaggregationgroup,forexample,APport3.AspecificVLAN,for
example,VLAN10isallocated.The LACPindependentportfunctionisenabledfortheGigabitethernet1/1and
Gigabitethernet1/2ports.WhentheOSisnotinstalledontheserver,LACPnegotiationbetweentheserverand
theaccessdevicefails.Inthiscase,theGigabitethernet1/1andGigabitethernet1/2portsoftheaccessdevice
changetocommonphysicalportsandareallocatedtoVLAN10automatically.TheserverusesNIC1orNIC2to
communicatewiththeremoteOSinstallationdevice.AftertheOSisinstalled,theserverconnectstotheaccess
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device in LACP mode.
Configuration



Steps

EnableLACPfortheGigabitEthernet1/1andGigabitEthernet1/2portsontheaccessdeviceandaddthe
ports to LACP AP port 3.



Enable theLACP independent port functionfor the GigabitEthernet 1/1 and GigabitEthernet 1/2 ports on
the access device.


Switch A

Allocate AP port 3 on the access device to VLAN 10.

SwitchA# configure terminal
SwitchA(config)# interface range GigabitEthernet 1/1-2
SwitchA(config-if-range)# port-group 3 mode active
SwitchA(config-if-range)# lacp individual-port enable
SwitchA(config-if-range)# exit
SwitchA(config)# interface aggregateport 3
SwitchA(config-if-Aggregateport 3)#switch access vlan 10
SwitchA(config-if-Aggregateport 3)#

Verification
Switch A



Run show run to check whether the configuration is correct.



Run show lacp summery to query the status of each member port of the AP port.

SwitchA# show LACP summary 3
System Id:32768, 00d0.f8fb.0001
Flags: S - Device is requesting Slow LACPDUs
F - Device is requesting Fast LACPDUs.
A - Device is in active mode.

P - Device is in passive mode.

Aggregate port 3:
Local information:
LACP port
Port

Oper

Flags

Port

State

Port

Priority

Key

Number

State

--------------------------------------------------------------------Gi1/1

SA

individual

32768

0x3

0x1

0x3d

Gi1/2

SA

individual

32768

0x3

0x2

0x3d

Partner information:
LACP port
Port

Flags

Priority

Oper
Dev ID

Key

Port

Port

Number State

--------------------------------------------------------------------
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SA

32768

00d0.f800.0002

0x3

0x1

0x3d

Gi1/2

SA

32768

00d0.f800.0002

0x3

0x2

0x3d
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24.6 Monitoring
Clearing
Description

Command

Clears the statisticsof LACP packets on a

clear lacp counters [key-number | interface-type interface-number ]

LACP member port.
Displaying
Description

Command

Displays the configuration of an enhanced

show load-balance-profile [ profile-name ]

load balancing profile.
Displaysthe LACP aggregationstate.You

show lacp summary [ key-numebr ]

can displaythe information on a specified
LACP AP port by specifying key-number.
Displays the statistics of LACP packets on

show lacp counters [ key-numebr ]

LACP member ports. You can display the
information on a specified LACP AP port
by specifying key-number.
Displays the summary or load balancing

show aggregateport [ ap-number ] { load-balance | summary }

algorithm of an AP port.
Displays the capacity mode and usage of show aggregateport capacity
an AP port.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs an AP port.

debug lsm ap

Debugs LACP.

debug lacp { packet | event | database | ha | realtime | stm | timer | all}

25 Configuring VLAN
25.1 Overview
A Virtual Local Area Network (VLAN) is a logical network created based on a physical network. A VLAN can be categorized into Layer-2
networks of the OSI model.
A VLAN has the same properties as a common LAN, except for physical location limitation. Unicast, broadcast and multicast frames of
Layer 2 are forwarded and transmitted within a VLAN, keeping traffic segregated.
Wemay define a port as a member of a VLAN, and all terminals connected to this port are parts of a virtual network that supports
multipleVLANs.Youdonot need toadjust the network physicallywhen adding, removing and modifying users.Communication
among VLANs is realized through Layer-3 devices, as shown in the following figure.
Figure 5- 1
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Protocols and Standards



IEEE 802.1Q

25.2 Applications

Application

Description

Isolating VLANs at Layer 2 and

An intranet is divided into multiple VLANs, realizing Layer-2 isolation and Layer-3

Interconnecting VLANs at Layer 3

interconnection with each other through IP forwarding by core switches.

25.2.1 Isolating VLANs at Layer 2 and Interconnecting VLANs at Layer 3

Scenario
AnintranetisdividedintoVLAN10,VLAN20andVLAN30,realizingLayer-2isolationfromeachother.ThethreeVLANscorrespond
respectively to the IP sub-networks 192.168.10.0/24, 192.168.20.0/24, and 192.168.30.0/24, realizing interconnection with each other
through IP forwarding by Layer-3 core switches.
Figure 5- 2
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Remarks:

Switch A, Switch B and Switch C are access switches.
ConfigurethreeVLANsonacoreswitchand theportconnectedtotheaccessswitchesasaTrunk port,andspecifyalist
of allowed-VLANs to realize Layer-2 isolation;
ConfigurethreeSVIsonthecoreswitch,whicharethegatewayinterfacesoftheIPsub-networkscorrespondingtothe
three VLANs, and configure the IP addresses for these interfaces.
Create VLANs respectively on the three access switches, assign Access ports for the VLANs, and specify Trunk ports of the
core switch.

Deployment



Divide an intranet into multiple VLANs to realize Layer-2 isolation among them.



Configure SVIs on a Layer-3 switch to realize Layer-3 communication among VLANs.

25.3 Features
Basic Concepts



VLAN

AVLAN is a logical network created based on a physical network. A VLAN has the same properties as a common LAN, except for
physicallocationlimitation.Unicast,broadcastandmulticastframesofLayer2areforwardedandtransmittedwithinaVLAN,keeping
traffic segregated.
The VLANs supported by FS products comply with the IEEE802.1Q standard. A maximum of 4094 VLANs (VLAN ID 1-4094) are
supported, among which VLAN 1 cannot be deleted.
The configurable VLAN IDs are from 1 to 4094.
In case of insufficient hardware resources, the system returns information on VLAN creation failure.



Port Mode

You can determine the frames allowed to pass a port and the VLANs which the port belongs to by configuring the port mode. See the
following table fordetails.
Port Mode

www.fs.com
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Access port

An Access port belongs to only one VLAN, which is specified manually.
A Trunk port belongs to all the VLANs of an access switch by default, and it can forward the

Trunk port (802.1Q)

frames of all the VLANs or the frames of allowed-VLANs.
An Uplink port belongs to all the VLANs of an access switch by default, and it can forward the

Uplink port

frames of all the VLANs and tag the native VLAN egress traffic.
A Hybrid port belongs to all the VLANs of an access switch by default, and it can forward the
frames of all the VLANs and send frames of VLANs untagged. It can also transmit frames of

Hybrid port

allowed-VLANs.
Aservice chain port does not learn MAC addresses and can forward packets from any VLAN by

Servicechain Port

default. In addition, no other configuration is allowed.
A ptrunk port is the same as a trunk port except that it only joins VLAN 1 by default. You can run

Ptrunk Port

the switchport trunk allowed command to add the port to or remove it from a specific VLAN.

Overview
Feature

Description

VLAN

VLAN helps realize Layer-2 isolation.

25.3.1 VLAN

Every VLAN has an independent broadcast domain, and different VLANs are isolated on Layer 2.
Working Principle
Every VLAN has an independent broadcast domain, and different VLANs are isolated on Layer 2.
Layer-2 isolation: If no SVIs are configured for VLANs, VLANs are isolated on Layer 2. This means users in these VLANs cannot
communicate with eachother.
Layer-3 interconnection: If SVIs are configured on a Layer-3 switch for VLANs, these VLANs can communicate with each other on Layer
3.

25.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to create a VLAN.
vlan

Enters a VLAN ID.
(Optional) It is used to configure an Access port to transmit the flows from a single VLAN.

Configuring Basic VLAN

switchport mode access

Defines a port as a Layer-2 Access port.

switchport access vlan

Assigns a port to a VLAN.

add interface

Adds one Access port or a group of such ports to the
current VLAN.

(Optional) It is used to rename a VLAN.
name

Names a VLAN.

(Mandatory) It is used to configure the port as a Trunk port.
Configuring a Trunk Port

switchport mode trunk

Defines a port as a Layer-2 Trunk port.

(Optional) It is used to configure Trunk ports to transmit flows from multiple VLANs.

www.fs.com
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switchport trunk allowed vlan

Configures allowed-VLANs for a Trunk port.

switchport trunk native vlan

Specifies a native VLAN for a Trunk port.

(Mandatory) It is used to configure the port as an Uplink port.
Configuring an Uplink Port

switchport mode uplink

Configures a port as an Uplink port.

(Optional) It is used to restore the port mode.
no switchport mode

Restores the port mode.

(Mandatory) It is used to configure a port as a Hybrid port.
switchport mode hybrid
Configuring a Hybrid Port

(Optional) It is used to transmit the frames of multiple VLANs untagged.
no switchport mode

Restores the port mode.

switchport hybrid allowed vlan

Configures allowed-VLANs for a Hybrid port.

switchport hybrid native vlan

Configures a default VLAN for a Hybrid port.

Configuring a Service Chain
Port

Configures a port as a Hybrid port.

(Mandatory) It is used to configure a port as a service chain port.
switchport mode servicechain

Configures a port as a service chain port.

(Mandatory) It is used to configure a port as a ptrunk port.
Configuring a Ptrunk Port

switchport mode ptrunk

Configures a port as a ptrunk port.

(Optional) It is used to restore the port mode.
no switchport mode

Restores the port mode.

(Mandatory) After a port is configured as an AP,if its member port is changed to independent

Configuring an Inherited

port, then the independent port uses the inherited VLAN configured on the AP as its allowed

VLANforanIndependent

VLAN list. If AP does not configure the inherited VLAN for the independent port, the member port

Port

inherits the allowed VLAN list of AP as its allowed VLAN list.
switchport mode servicechain

Configures a port as a service chain port.

25.4.1 Configuring Basic VLAN

Configuration Effect



AVLANisidentifiedbyaVLANID.Youmayadd,delete,modifyVLANs2to4094,but VLAN1iscreatedautomaticallyand
cannot be deleted. You may configure the port mode, and add or remove a VLAN.

Notes



N/A

Configuration Steps



Creating and Modifying a VLAN



Mandatory.



In case of insufficient hardware resources, the system returns information on VLAN creation failure.



Use the vlan vlan-id command to create a VLAN or enter VLAN mode.



Configuration:

Command
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vlan vlan-id

261

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Parameter

vlan-id: indicates VLAN ID ranging from 1 to 4094.

Description
Defaults

VLAN 1 is created automatically and is not deletable.

Command

Global configuration mode

Mode
Usage Guide

If you enter a newVLAN ID, the correspondingVLAN will be created. If you enter an existingVLAN ID, the corresponding
VLAN will be modified. You may use the no vlan vlan-id command to delete a VLAN. The undeletable VLANs include
VLAN1, the VLANs configured with SVIs, and SubVLANs.



Renaming a VLAN



Optional.



You cannot rename a VLAN the same as the default name of another VLAN.



Configuration:

Command

name vlan-name

Parameter

vlan-name: indicates a VLAN name.

Description
Defaults

By default, the name of a VLAN is its VLAN ID. For example, the default name of the VLAN 4 is VLAN 0004.

Command

VLAN configuration mode

Mode
Usage Guide

To restore the VLAN name to defaults, use the no name command.



Assigning Current Access port to a Specified VLAN



Optional.



Use the switchport mode access command to specify Layer-2 ports (switch ports) as Access ports.



Usetheswitchportaccessvlanvlan-idcommandtoaddanAccessporttoaspecificVLANsothattheflowsfromtheVLANcan
be transmitted through the port.

Command

switchport mode access

Parameter

N/A

Description
Defaults

A switch port is an Access port by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Command

switchport access vlan vlan-id

Parameter

vlan-id: indicates a VLAN ID.

Description
Defaults

An Access port is added to VLAN 1 by default.

Command

Interface configuration mode

Mode

www.fs.com
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Usage Guide

If a port is assigned to a non-existent VLAN, the VLAN will be created automatically.



Adding an Access Port to Current VLAN



Optional.



Thiscommand takeseffectonly onanAccessport.After anAccessport isaddedtoaVLAN,theflowsoftheVLANcanbe
transmittedthrough the port.



Configuration:

Command

add interface { interface-id | range interface-range }

Parameter

interface-id: indicates a single port.

Description

interface-id: indicates multiple ports.

Defaults

By default, all Layer-2 Ethernet ports belong to VLAN 1.

Command

VLAN configuration mode

Mode
Usage Guide

InVLAN configuration mode, add a specific Access port toa VLAN. This command takes the same effect as command
switchport access vlan vlan-id.

For the two commands of adding a port to a VLAN, the command configured later will overwrite the other one.
Verification




Send untagged packets to an Access port, and they are broadcast within the VLAN.
Use commands show vlan and show interface switchport to check whether the configuration takes effect.

Command

show vlan [ id vlan-id ]

Parameter

vlan-id : indicates a VLAN ID.

Description
Command

Any mode

Mode
Usage Guide

N/A

Command

FS(config-vlan)#show vlan id 20

Display

VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------20 VLAN0020

STATIC

Gi0/1

Configuration Example



Configuring Basic VLAN and Access Port

Configuration



Create a VLAN and rename it.

Steps



Add an Access port to the VLAN. There are two approaches. One is:

FS# configure terminal
FS(config)# vlan 888
FS(config-vlan)# name test888
FS# (config-vlan)# exit
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FS(config)# interface GigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/3)# switchport mode access
FS(config-if-GigabitEthernet 0/3)# switchport access vlan 20
The other approach is adding an Access port (GigabitEthernet 0/3) to VLAN20:
FS# configure terminal
SwitchA(config)#vlan 20
SwitchA(config-vlan)#add interface GigabitEthernet 0/3
Verification

Check whether the configuration is correct.
FS(config-vlan)#show vlan
VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------1 VLAN0001

STATIC

20 VLAN0020

STATIC

888 test888

Gi0/3

STATIC

FS(config-vlan)#

FS# show interface GigabitEthernet 0/3 switchport
Interface

Switchport Mode

Access Native Protected VLAN lists

-------------------------------- ---------- --------- ------ ------ --------- -------------GigabitEthernet 0/3

enabled

ACCESS

20

1

Disabled ALL

FS# show run
!

25.4.2 Configuring a Trunk Port

Configuration Effect
A Trunk is a point-to-point link connecting one Ethernet interface or multiple ones to other network devices (for example, a router or
switch) and it may transmit the flows from multiple VLANs.
The Trunk of Ruije devices adopts the 802.1Q encapsulation standard. The following figure displays a network adopting a Trunk
connection.
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Figure 5- 3

You may configure an Ethernet port or Aggregate Port (See Configuring Aggregate Port for details) as a Trunk port.
You should specifya native VLAN for a Trunk port. The untagged packets receivedby and sent fromthe Trunk port are considered to
belong to the native VLAN. The default VLAN ID (PVID in the IEEE 802.1Q) of this Trunk port is the native VLAN ID. Meanwhile, frames
of the native VLAN sent via the Trunk are untagged. The default native VLAN of a Trunk port is VLAN 1.
When configuring a Trunk link, make sure the Trunk ports at the two ends of the link adopt the same native VLAN.
Configuration Steps



Configuring a Trunk Port



Mandatory.



Configure a Trunk port to transmit the flows from multiple VLANs.



Configuration:

Command

switchport mode trunk

Parameter

N/A

Description
Defaults

The default mode is Access, which can be modified to Trunk.

Command

Interface configuration mode

Mode
Usage Guide

To restore all properties of a Trunk port to defaults, use the no switchport mode command.

 Defining Allowed-VLANs for a Trunk Port


Optional.



By default, a trunk port transmits the flows fromall the VLANs (1 to4094). You may configure a list of allowed-VLANs to prohibit
flows of some VLANs from passing through a Trunk port.



Configuration:

Command

switchport trunk allowed vlan {all | [add | remove | except | only ] } vlan-list

Parameter

The parameter vlan-list can be a VLAN or some VLANs, and the VLAN IDs are connected by "-" in order. For example: 10–

Description

20.
all indicates allowed-VLANs include all VLANs;
add indicates adding a specific VLAN to the list of allowed-VLANs;
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remove indicates removing a specific VLAN from the list of allowed-VLANs;
except indicates adding all VLANs except those in the listed VLAN to the list of allowed-VLANs.
only indicates adding the listed VLANs to the list of allowed-VLANs, and removing the other VLANs from the list.
Defaults

The Trunk port and the Uplink port belong to all VLANs.

Command

Interface configuration mode

Mode
Usage Guide

To restore the configuration on a Trunk port to defaults (all), use the no switchport trunk allowed vlan command.



Configuring a Native VLAN



Optional.



ATrunkportreceivesandsendstaggedoruntagged802.1Qframes.UntaggedframestransmittheflowsfromthenativeVLAN.
The default native VLAN is VLAN 1.



If a frame carries the VLAN ID of a native VLAN, its tag will be stripped automatically when it passes a Trunk port.



Configuration:

Command

switchport trunk native vlan vlan-id

Parameter

vlan-id: indicates a VLAN ID.

Description
Defaults

The default VALN for a Trunk/Uplink port is VLAN 1.

Command

Interface configuration mode

Mode
Usage Guide

To restore the native VLAN of a Trunk port back to defaults, use the no switchport trunk native vlan command.

Whenyouset thenativeVLANof aporttoanon-existentVLAN,thisVLAN willnot becreatedautomatically.Besides,thenative
VLAN can be out of the list of allowed-VLANs for this port. In this case, the flows from the native VLAN cannot pass through the
port.
Verification



Send tag packets to a Trunk port, and they are broadcast within the specified VLANs.



Use commands show vlan and show interface switchport to check whether the configuration takes effect.

Command

show vlan [ id vlan-id ]

Parameter

vlan-id : indicates a VLAN ID.

Description
Command

Any mode

Mode
Usage Guide

N/A

Command

FS(config-vlan)#show vlan id 20

Display

VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------20 VLAN0020

STATIC

Gi0/1

Configuration Example
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Configuring Basic VLAN to Realize Layer-2 Isolation and Layer-3 Interconnection

Scenario
Figure 5- 4

Configuration

Networking Requirements:

Steps

Asshowninthefigureabove,anintranetisdividedintoVLAN10,VLAN20andVLAN30,realizingLayer-2isolationfrom
each other. The three VLANs correspond respectively to the IP sub-networks 192.168.10.0/24, 192.168.20.0/24, and
192.168.30.0/24, realizing interconnection with each other through IP forwarding by Layer-3 core switches.
Key Points:
The following example describes the configuration steps on a core switch and an access switch.



ConfigurethreeVLANsonacoreswitchandtheport connectedtotheaccessswitchesasaTrunkport,and specify
a list of allowed-VLANs to realize Layer-2 isolation.



ConfigurethreeSVIsonthecoreswitch,whicharethegatewayinterfacesoftheIPsub-networkscorrespondingto
the three VLANs, and configure the IP addresses for these interfaces.



Create VLANs respectively on the three access switches, assign Access ports for the VLANs, and specify Trunk ports
of the core switch. The following example describes the configuration steps on Switch A.

D

D#configure terminal
D(config)#vlan 10
D(config-vlan)#vlan 20
D(config-vlan)#vlan 30
D(config-vlan)#exit
D(config)#interface range GigabitEthernet 0/2-4
D(config-if-range)#switchport mode trunk
D(config-if-range)#exit
D(config)#interface GigabitEthernet 0/2
D(config-if-GigabitEthernet 0/2)#switchport trunk allowed vlan remove 1-4094
D(config-if-GigabitEthernet 0/2)#switchport trunk allowed vlan add 10,20
D(config-if-GigabitEthernet 0/2)#interface GigabitEthernet 0/3
D(config-if-GigabitEthernet 0/3)#switchport trunk allowed vlan remove 1-4094

www.fs.com

267

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

D(config-if-GigabitEthernet 0/3)#switchport trunk allowed vlan add 10,20,30
D(config-if-GigabitEthernet 0/3)#interface GigabitEthernet 0/4
D(config-if-GigabitEthernet 0/4)#switchport trunk allowed vlan remove 1-4094
D(config-if-GigabitEthernet 0/4)#switchport trunk allowed vlan add 20,30
D#configure terminal
D(config)#interface vlan 10
D(config-if-VLAN 10)#ip address 192.168.10.1 255.255.255.0
D(config-if-VLAN 10)#interface vlan 20
D(config-if-VLAN 20)#ip address 192.168.20.1 255.255.255.0
D(config-if-VLAN 20)#interface vlan 30
D(config-if-VLAN 30)#ip address 192.168.30.1 255.255.255.0
D(config-if-VLAN 30)#exit
A

A#configure terminal
A(config)#vlan 10
A(config-vlan)#vlan 20
A(config-vlan)#exit
A(config)#interface range GigabitEthernet 0/2-12
A(config-if-range)#switchport mode access
A(config-if-range)#switchport access vlan 10
A(config-if-range)#interface range GigabitEthernet 0/13-24
A(config-if-range)#switchport mode access
A(config-if-range)#switchport access vlan 20
A(config-if-range)#exit
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#switchport mode trunk

Verification

D

Display the VLAN configuration on the core switch.



Display VLAN information including VLAN IDs, VLAN names, status and involved ports.



Display the status of ports Gi 0/2, Gi 0/3 and Gi 0/4.

D#show vlan
VLAN Name
---- -------- -------1VLAN0001

Status

Ports

------------------------------STATIC

Gi0/1, Gi0/5, Gi0/6, Gi0/7
Gi0/8, Gi0/9, Gi0/10, Gi0/11
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Gi0/12, Gi0/13, Gi0/14, Gi0/15
Gi0/16, Gi0/17, Gi0/18, Gi0/19
Gi0/20, Gi0/21, Gi0/22, Gi0/23
Gi0/24
10 VLAN0010 STATIC

Gi0/2, Gi0/3

20 VLAN0020 STATIC

Gi0/2, Gi0/3, Gi0/4

30 VLAN0030 STATIC

Gi0/3, Gi0/4

D#show interface GigabitEthernet 0/2 switchport
Interface

SwitchportMode

Access NativeProtectedVLANlists

------------------------------------------ --------------------- ----------------------GigabitEthernet 0/2

enabled

TRUNK

1

1

Disabled 10,20

D#show interface GigabitEthernet 0/3 switchport
Interface

SwitchportMode

Access NativeProtectedVLANlists

------------------------------------------ --------------------- ----------------------GigabitEthernet 0/3

enabled

TRUNK

1

1

Disabled 10,20,30

D#show interface GigabitEthernet 0/4 switchport
Interface

SwitchportMode

Access NativeProtectedVLANlists

------------------------------------------ --------------------- ----------------------GigabitEthernet 0/4

enabled

TRUNK

1

1

Disabled 20,30

Common Errors



N/A

25.4.3 Configuring an UplinkPort

Configuration Effect



AnUplinkportisusuallyusedinQinQ(theIEEE802.1adstandard)environment,andissimilartoaTrunkport.Theirdifferenceis
that an Uplink port only transmits tagged frames while a Trunk port sends untagged frames of the native VLAN.

Configuration Steps



Configuring an Uplink Port



Mandatory.



Configure an Uplink port to transmit the flows from multiple VLANS, but only tagged frames can be transmitted.



Configuration:

Command

switchport mode uplink

Parameter

N/A

Description
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Defaults

The default mode is Access, which can be modified to Uplink.

Command

Interface configuration mode

Mode
Usage Guide

To restore all properties of an Uplink port to defaults, use the no switchport mode command.



Defining Allowed-VLANs for a Trunk Port



Optional.



You may configure a list of allowed-VLANs to prohibit flows of some VLANs from passing through an Uplink port.



Configuration:

Command

switchport trunk allowed vlan { all | [ add | remove | except | only ] } vlan-list

Parameter

The parameter vlan-list can be a VLAN or some VLANs, and the VLAN IDs are connected by "-" in order. For example: 10–

Description

20.
all indicates allowed-VLANs include all VLANs;
add indicates adding a specific VLAN to the list of allowed-VLANs;
remove indicates removing a specific VLAN from the list of allowed-VLANs;
except indicates adding all VLANs except those in the listed VLAN to the list of allowed-VLANs; and
only indicates adding the listed VLANs to the list of allowed-VLANs, and removing the other VLANs from the list.

Command

Interface configuration mode

Mode
Usage Guide

To restore the allowed-VLANs to defaults (all), use the no switchport trunk allowed vlan command.



Configuring a Native VLAN



Optional.



If a frame carries the VLAN ID of a native VLAN, its tag will not be stripped when it passes an Uplink port. This is contrary toa
Trunk port.



Configuration:

Command

switchport trunk native vlan vlan-id

Parameter

vlan-id: indicates a VLAN ID.

Description
Command

Interface configuration mode

Mode
Usage Guide

To restore the native VLAN of an Uplink to defaults, use the no switchport trunk native vlan command.

Verification



Send tag packets to an Uplink port, and they are broadcast within the specified VLANs.



Use commands show vlan and show interface switchport to check whether the configuration takes effect.

Command

show vlan [ id vlan-id ]

Parameter

vlan-id : indicates a VLAN ID.

Description
Command

Any mode

Mode
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Usage Guide

N/A

Command

FS(config-vlan)#show vlan id 20

Display

VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------20 VLAN0020

STATIC

Gi0/1

Configuration Example



Configuring an Uplink Port

Configuration

The following is an example of configuring Gi0/1 as an Uplink port.

Steps
FS# configure terminal
FS(config)# interface gi 0/1
FS(config-if-GigabitEthernet 0/1)# switchport mode uplink
FS(config-if-GigabitEthernet 0/1)# end

Verification

Check whether the configuration is correct.
FS# show interfaces GigabitEthernet 0/1 switchport
Interface

Switchport Mode

Access Native Protected VLAN lists

-------------------------------- ---------- --------- ------ ------ --------- ----------------GigabitEthernet 0/1

enabled

UPLINK

1

1

disabled ALL

25.4.4 Configuring a HybridPort

Configuration Effect



AHybridportisusuallyusedinSHAREVLANenvironment.Bydefault,aHybridportisthesameasaTrunkport.Theirdifference
is that a Hybrid port can send the frames from the VLANs except the default VLAN in the untagged format.

Configuration Steps



Configuring a Hybrid Port



Mandatory.



Configure a Hybrid port to transmit the flows from multiple VLANs.



Configuration:

Command

switchport mode hybrid

Parameter

N/A

Description
Defaults
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Command

Interface configuration mode

Mode
Usage Guide

To restore all properties of a Hybrid port to defaults, use the no switchport mode command.



Defining Allowed-VLANs for a Hybrid Port



Optional.



Bydefault,a Hybridport transmitsthe flowsfromalltheVLANs (1to4094).Youmayconfigurea listof allowed-VLANsto
prohibit flows of some VLANs from passing through a Hybrid port.



Configuration:

Command

switchport hybrid allowed vlan [ [add | only ] tagged | [ add ] untaged | remove ] vlan_list

Parameter

vlan-id: indicates a VLAN ID.

Description
Defaults

By default a Hybrid port belongs to all VLANs. The port is added to the default VLAN in untagged form and to the other
VLANs in the tagged form.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring a Native VLAN



Optional.



If a frame carries the VLAN ID of a native VLAN, its tag will be stripped automatically when it passes a Hybrid port.



Configuration:

Command

switchport hybrid native vlan vlan_id

Parameter

vlan-id: indicates a VLAN ID.

Description
Defaults

The default native VLAN is VLAN 1.

Command

Interface configuration mode

Mode
Usage Guide

To restore the native VLAN of a Hybrid port to defaults, use the no switchport hybrid native vlan command.

Verification



Send tagged packets to an Hybrid port, and they are broadcast within the specified VLANs.



Use commands show vlan and show interface switchport to check whether the configuration takes effect.

Command

show vlan [ id vlan-id ]

Parameter

vlan-id : indicates a VLAN ID.

Description
Command

Any mode

Mode
Usage Guide

N/A

Command

FS(config-vlan)#show vlan id 20

Display
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VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------20 VLAN0020

STATIC

Gi0/1

Configuration Example



Configuring a Hybrid Port

Configuration

The following is an example of configuring Gi0/1 as a Hybrid port.

Steps
FS# configure terminal
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# switchport mode hybrid
FS(config-if-GigabitEthernet 0/1)# switchport hybrid native vlan 3
FS(config-if-GigabitEthernet 0/1)# switchport hybrid allowed vlan untagged 20-30
FS(config-if-GigabitEthernet 0/1)# end

Verification

Check whether the configuration is correct.
FS(config-if-GigabitEthernet 0/1)#show run interface gigabitEthernet 0/1

Building configuration...
Current configuration : 166 bytes

interface GigabitEthernet 0/1
switchport
switchport mode hybrid
switchport hybrid native vlan 3
switchport hybrid allowed vlan add untagged 20-30

25.4.5 Configuring a Service Chain Port

Configuration Effect



Innormal cases,theservicechainport isusedat layer 2diversionenvironment. Bydefault,theservicechainport doesnot learn
MAC addresses and can forwardpackets from anyVLAN. In addition, it is deployed intransparent mode to divert layer-2 and
layer-3 packets.

Configuration Steps



Configuring a Service Chain Port
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Mandatory.



Perform this operation to configure a port as a service chain port.



Perform this operation on the switch.

Command

switchport mode servicechain

Parameter

N/A

Description
Defaults

The default mode is ACCESS.

Command

Interface configuration model

Mode
Usage Guide

Before changing a port from an access, trunk, hybrid, uplink, or 802.1Q tunnel port to a service chain port, clear other
configurations on the port and changes the port toan accessport first.Torestorethe default settings, run no switchport
mode in interface configuration mode.

Verification



The servicechainport does not learn theMACaddresswhen packetswithtagsare sent over theservicechain port. Inaddition,
packets are transmitted regardless of the carried tag and whether the VLAN is created.

Configuration Example



Configuring a Service Chain Port
Only configuration related to the service chain port is described.

Configuration

Configure the Gi0/1 port as a service chain port.

Steps
FS# configure terminal
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# switchport mode servicechain
FS(config-if-GigabitEthernet 0/1)# end

Verification

Run show run to check whether the configuration is correct.
FS(config-if-GigabitEthernet 0/1)#show run interface gigabitEthernet 0/1
Building configuration...
Current configuration : 166 bytes
interface GigabitEthernet 0/1
switchport
switchport mode servicechain

25.4.6 Configuring a PtrunkPort

Configuration Effect
A ptrunk port is the same as a trunk port except that it only joins VLAN 1 by default. You can run the switchport trunk allowed
command to add the port to or remove it from a specific VLAN.
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Configuration Steps



Configuring a Ptrunk Port



Mandatory.



Configure a Ptrunk port to transmit the flows from VLAN 1.



Configuration:

Command

switchport mode ptrunk

Parameter

N/A

Description
Defaults

The default mode is Access, which can be modified to Ptrunk.

Command

Interface configuration mode

Mode
Usage Guide

To restore all properties of a Ptrunk port to defaults, use the no switchport mode command.
This command is forbidden if there is a layer-2 sub-interface on this interface. If the default interface command is run
globally and there is any layer-2 sub-interface, then the interface mode cannot restore the default settings.



Defining Allowed-VLANs for a Ptrunk Port



Optional.
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You may configure a list of allowed-VLANs to prohibit flows of some VLANs from passing through a Ptrunk port.



Configuration:

Command

switchport trunk allowed vlan { all | [add | remove | except | only ] } vlan-list

Parameter

vlan list: The parameter vlan-list can be a VLAN or some VLANs, and the VLAN IDs are connected by "-" in order. For

Description

example: 10–20.
all indicates allowed-VLANs include all VLANs;
add indicates adding a specific VLAN to the list of allowed-VLANs;
remove indicates removing a specific VLAN from the list of allowed-VLANs;
except indicates adding all VLANs except those in the listed VLAN to the list of allowed-VLANs.
only indicates adding the listed VLANs to the list of allowed-VLANs, and removing the other VLANs from the list.

Command

Interface configuration mode

Mode
Usage Guide

You can run the no switchport trunk allowed vlan command to restore the default setting that a Ptrunk port
exclusively belongs to VLAN 1.



Configuring a Native VLAN



Optional.



If a frame carries the VLAN ID of a native VLAN, its tag will be stripped automatically when it passes a Trunk port.



Configuration:

Command

switchport trunk native vlan vlan-id

Parameter

vlan-id: indicates a VLAN ID.

Description
Command

Interface configuration mode

Mode
Usage Guide

To restore the native VLAN of a Ptrunk port back to the default VLAN 1, use the no switchport trunk native vlan
command.

Verification



Send tag packets to a Trunk port, and they are broadcast within the specified VLANs.



Use commands show vlan and show interface switchport to check whether the configuration takes effect.

Command

show vlan [ id vlan-id ]

Parameter

vlan-id: indicates a VLAN ID.

Description
Command

Any mode

Mode
Usage Guide

N/A

Command

FS(config-vlan)#show vlan id 20

Display

VLAN Name

Status

Ports

---- -------------------------------- --------- ----------------------------------20 VLAN0020
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Configuration Example

 Configuring A Ptrunk Port
Configuration

The following example configures the Gi0/1 port as a Ptrunk port.

Steps
D

FS# configure terminal
FS(config)# interface gi 0/1
FS(config-if-GigabitEthernet 0/1)# switchport mode ptrunk
FS(config-if-GigabitEthernet 0/1)# end

Verification

Run the show interface switchport command to verify the confgiuration.

D

FS# show interfaces GigabitEthernet 0/1 switchport
Interface

Switchport Mode

Access Native Protected VLAN lists

-------------------------------- ---------- --------- ------ ------ --------- ----------------GigabitEthernet 0/1

enabled

PTRUNK

1

1

Disabled 1

Common Errors



N/A

25.4.7 Configuring an Inherited VLAN for an Independent Port

Configuration Effect



Only trunk, uplink, and hybrid ports support this configuration. After the extend VLAN list of a trunk or uplink port is specified,
when this port is an AP and a member port of the AP is changed to an independent port, the member port uses the extend
VLAN list configured on the AP as the allowed VLAN list. Likewise, after the extend VLAN list of a hybrid port is specified, the
extend VLAN list is used as the allowed VLAN list of a member hybrid port, and a member hybrid port that is changed to an
independent port will also inherit the tag VLAN list of the AP.

Configuration Steps

 Configuring an Inherited VLAN for an Independent Port


Mandatory.



Perform this operation on the switch. In PXE OS installation scenarios, perform this operation on an AP.

Command

switchport individual-port extend-vlan vlan-list

Parameter

N/A

Description
Defaults

No inherited VLAN is configured by default.

Command

Interface configuration mode of a switch port

Mode
Usage Guide

To disable this function, use the no switchport individual-port extend-vlan or default switchport individual-port
extend-vlan command. Only trunk, uplink, and hybrid ports support this configuration.

Verification



Run the show run command to check whether the switchport individual-port extend-vlan command exists on the interface.
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Configuration Example



Configuring an Inherited VLAN for an Independent Port
Only the configuration related to inherited VLANs of independent ports is described.

Configuration
Steps

The following is an example of this command:
FS# configure terminal
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1) switchport mode trunk
FS(config-if-GigabitEthernet 0/1) switchport individual-port extend-vlan 10

Verification

Run the show run command to check whether the configuration is correct.
FS(config-if-GigabitEthernet 0/1)#show run
Building configuration...
Current configuration : 166 bytes
interface GigabitEthernet 0/1
switchport individual-port extend-vlan 10

25.5 Monitoring
Displaying
Description

Command

Displays VLAN configuration.

show vlan

Displays configuration of switch ports.

show interface switchport

Debugging
System resources are occupied when debugging information is output. Disable the debugging switch immediately after use.
Description

Command

Debugs

debug bridge vlan

VLANs.
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26 Configuring MAC VLAN
26.1 Overview
The MAC VLAN function refers to assigning VLANs based on MAC addresses, which is a new method of VLAN assignment. This function
is often used with 802.1Xdynamic VLAN assignment to implement secure and flexible access of 802.1Xterminals. After an 802.1Xuser
passes authentication, the access switch automatically generates a MAC VLAN entry based on the VLAN and user MAC address pushed
bythe authentication server.Anetworkadministratorcan alsoconfigurethe associationbetween aMAC address and aVLAN on the
switch in advance.
Protocols



IEEE 802.1Q: Virtual Bridged Local Area Networks and Standards

26.2 Applications
Application

Description

Configuring MAC VLAN

Configures the MAC VLAN function to assign VLANs based on users’MAC addresses.When
the physical location of a user changes, i.e. switching from one switch to another, it is
unnecessary to re-configure the VLAN of the port used by the user.

26.2.1 Configuring MAC VLAN

Scenario
With popularization of mobile office, terminal devices usually do not use fixed ports for network access. A terminal device may use
port A to access the network this time, but use port B to access the network next time. If the VLAN configurations of ports A and B are
different, the terminal device will be assigned to a different VLAN in the second access, and fail to usethe resourcesof the previous
VLAN. If theVLAN configurations of ports A and B are the same, security issues may be introduced when port B isassigned to other
terminaldevices.How toallow hostsof differentVLANs toaccessthenetwork on thesame port?The MACVLAN function ishereby
introduced.
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The biggest advantage of MAC VLAN lies in that when the physical location of a user changes, i.e. switching from one switch to
another, it is unnecessary to re-configure the VLAN of the port used by the user. Therefore, MAC address-based VLAN assignment can
be regardedas user-based.
Deployment



Configure or push MAC VLAN entries on a layer-2 switch or wireless device to assign VLANs based on users’MAC addresses.

26.3 Overview
Feature
Feature

Description

Configuring MAC VLAN

Configures the MAC VLAN function to assign VLANs based on users’ MAC addresses.

26.3.1 Configuring MAC VLAN

Working Principle
Whenaswitchreceivesapacket,theswitchcomparethesourceMACaddressofthepacketwiththeMACaddressspecifiedinaMAC
VLANentry. If they match,the switchforwards thepacket totheVLAN specifiedinthe MACVLAN entry. Ifthey don’t match,theVLAN
to which the data stream belongs is still determined by the VLAN assignment rule of the port.
Toensure that a PC isassigned to a specifiedVLAN no matter which switch it is connected to,you can perform configuration by using
the following approaches:



Static configuration by using commands. You can configure the association between a MAC address and a VLAN on a local
switch by using commands.



Automatic configuration by using an authentication server (802.1Xdynamic VLAN assignment). After a user passes
authentication, a switch dynamically creates an association between the MAC address and a VLAN based on the information
provided by the authentication server. When the user goes offline, the switch automatically deletes the association. This
approach requires that the MAC-VLAN association be configured on the authentication server. For details about 802.1Xdynamic
VLAN assignment, refer to the Configuring 802.1X.

MACVLAN entries support both of the twoapproaches, that is, the entries can be configured on both a local switchand an
authentication server.The configurations can take effectonly if they areconsistent. If the configurations are different, the
configuration performed earlier takes effect.
The MAC VLAN function can be configured on hybrid ports only.
MAC VLAN entries are effective only for untagged packets, but not effective for tagged packets.
For MAC VLAN entries statically configured or dynamically generated, the specified VLANs must exist.
VLANs specified in MAC VLAN entries cannot be Super VLANs (but can be Sub VLANs), Remote VLANs, or Primary VLANs (but can
be Secondary VLANs).
MAC addresses specified in MAC VLAN entries must be unicast addresses.
MAC VLANs are effective for all hybrid ports that are enabled with the MAC VLAN function.

www.fs.com

280

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

26.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the MAC VLAN function on a port.

Enabling MAC VLAN on a Port

mac-vlan enable
Adding a Static MAC VLAN Entry
Globally

Enables MAC VLAN on a port.

(Optional) It is used to bind MAC addresses with VLANs.
mac-vlan mac-address

Configures a static MAC VLAN entry.

26.4.1 Enabling MAC VLAN on a Port

Configuration Effect
Enable the MAC VLAN function on a port so that MAC VLAN entries can take effect on the port.
Notes
N/A
Configuration Steps



Enabling MAC VLAN on a Port



Mandatory.



By default, the MAC VLAN function is disabled on ports and all MAC VLAN entries are ineffective on the ports.



Enable MAC VLAN on a switch.

Command

mac-vlan enable

Parameter

N/A

Description
Defaults

The MAC VLAN function is disabled on a port.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Run the show mac-vlan interface command to display information about the ports enabled with the MAC VLAN function.

Command

show mac-vlan interface

Parameter

N/A

Description
Command

Privileged configuration mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Command

FS# show mac-vlan interface

Display

MAC VLAN is enabled on following interface:
---------------------------------------
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FastEthernet 0/1
Configuration Example



Enabling MAC VLAN on a Port

Configuration



Enable the MAC VLAN function on the Fast Ethernet 0/10 port.

Steps
FS# configure terminal
FS(config)# interface FastEthernet0/10
FS(config-if-FastEthernet 0/10)# mac-vlan enable

Verification



Check the information about the port enabled with the MAC VLAN function.

FS# show mac-vlan interface
MAC VLAN is enabled on following interface:
--------------------------------------FastEthernet 0/10
Common Errors
When the MAC VLAN function is enabled on a port, the port is not configured as a layer-2 port (such as switch port or AP port) in
advance.
26.4.2 Adding a Static MAC VLAN Entry Globally

Configuration Effect



ConfigureastaticMACVLANentrytobindaMACaddresseswithaVLAN.The802.1pprioritycanbeconfigured,whichis0by
default.

Notes
N/A
Configuration Steps



Adding a Static MAC VLAN Entry



Optional.



TobindaMACaddresseswithaVLAN, youshouldperformthisconfiguration.The802.1pprioritycanbeconfigured, whichis0
by default.



Add a static MAC VLAN entry on a switch.

Command

mac-vlan mac-address mac-address [mask mac-mask] vlan vlan-id [ priority pri_val ]

Parameter

mac-address mac-address: Indicates a MAC address.

Description

mask mac-mask: Indicates a mask.
vlan vlan-id: Indicates the associated VLAN.
priority pri_val: Indicates the priority.
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Defaults

No static MAC VLAN entry is configured by default.

Command

Global configuration mode

Mode
Usage Guide

N/A

Ifan untagged packetismatched withaMACVLAN entry, thepacketismodifiedtotheVLAN specifiedby theMACVLAN entry
once arriving at the switch since the MAC VLAN entry has the highest priority. Subsequent functions and protocols are
implemented based on the modified VLAN. Possible influences are as follows:
Ifan802.1Xuserfailstobeauthenticated,thehybridportjumpstoVLAN100specifiedbytheFAILVLANfunction;however,the
MACVLANentrystaticallyconfiguredredirectsallpacketsofthisusertoVLAN200.Consequently,theusercannotimplement
normal communication in FAIL VLAN 100.
AfteranuntaggedpacketismatchedwithaMACVLANentry,theVLANthattriggersMACaddresslearningistheVLAN
redirected based on the MAC VLAN entry.
For a port that is enabled with the MACVLAN function, if received packetsare matched withboth MACVLAN entries with full F
masks and those without full F masks, the packets are processed based on the MACVLAN entries without full F masks.
IfanuntaggedpacketismatchedwithbothaMACVLAN entryand aVOICEVLAN entry, thepacketpriorityismodified
simultaneously. The priority of the VOICE VLAN entry is used as that of the packet.
If an untagged packet is matched with both a MAC VLAN entry and a PROTOCOL VLAN entry, the VLAN carried in the packet
should be the MAC VLAN.
The MAC VLAN function is applied only to untagged packets, but not applied to PRIORITY packets (packets whose VLAN tag is 0
and carrying COS PRIORITY information) and the processing actions are uncertain.
The QoS packettrustmodel on aswitchisdisabled bydefault, whichwillchange PRIORITY of all packetsto0and overwritethe
modificationonpacket prioritiesbytheMACVLAN function.Run themlsqos trustcos command intheinterfaceconfiguration
mode to enable the QoS trust model and trust packet priorities.



Deleting All Static MAC VLAN Entries



Optional.



To delete all static MAC VLAN entries, you should perform this configuration.



Perform this configuration on a switch.

Command

no mac-vlan all

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A



Deleting the Static MAC VLAN Entry of a Specified MAC Address



Optional.



To delete the MAC VLAN entry of a specified MAC address, you should perform this configuration.



Perform this configuration on a switch.

Command
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Parameter

mac-address mac-address: Indicates a MAC address.

Description

mask mac-mask: Indicates a mask.

Command

Global configuration mode

Mode
Usage Guide

N/A



Deleting the Static MAC VLAN Entry of a Specified VLAN



Optional.



To delete the MAC VLAN entry of a specified VLAN, you should perform this configuration.



Perform this configuration on a switch.

Command

no mac-vlan vlan vlan-id

Parameter

vlan vlan-id: Indicates a VLAN.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show mac-vlan static command to check whether all static MAC VLAN entries are correct.



Run the show mac-vlan vlan vlan-id command to check whether the MAC VLAN entry of a specified VLAN is correct.



Run the show mac-vlan mac-address mac-address [ mask mac-mask ] command to display the MAC VLAN entry of a specified
MAC address.

Command

show mac-vlan static
show mac-vlan vlan vlan-id
show mac-vlan mac-address mac-address [ mask mac-mask ]

Parameter

vlan vlan-id: Indicates a specified VLAN.

Description

mac-address mac-address: Indicates a specified MAC address.
mask mac-mask: Indicates a specified mask.

Command

Privileged configuration mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Command

FS# show mac-vlan all

Display

The following MAC VLAN address exist:
S:Static

D: Dynamic

MAC ADDR

MASK

VLAN ID

PRIO

STATE

------------------------------------------------------0000.0000.0001

ffff.ffff.ffff

2

0

D

0000.0000.0002

ffff.ffff.ffff

3

3

S

0000.0000.0003

ffff.ffff.ffff

3

3

S&D

TotalMACVLANaddresscount:3

www.fs.com

284

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Configuration Example



Adding a Static MAC VLAN Entry Globally

Asshown inFigure6-1,PC-A1and PC-A2belong todepartment Aand areassignedtoVLAN100. PC-B1 andPC-B2belongto
department Band are assigned toVLAN 200. Due toemployee mobility, thecompany provides a temporary officeat themeeting
roombut requiresthat accessed employees be assigned to theVLANs of their own departments.For example,PC-A1 must be
assigned to VLAN 100 and PC-B1 must be assigned to VLAN 200 after access.
SincetheaccessportsforPCsatthemeetingroomarenotfixed,theMACVLANfunctioncanbeusedtoassociatethePCMAC
addresseswiththeVLANsoftheirdepartments.Nomatterwhichportstheemployeesuseforaccess,theMACVLANfunction
automatically assigns the VLANs of their departments.
Scenario
Figure 6- 1

Configuration



Configure the port connecting Switch C and Router 1 as a Trunk port.

Steps



ConfigureallportsconnectingPCsonSwitchCas hybridports,enabletheMACVLANfunctionand modifythe
default untagged VLAN list.


A

Configure MAC VLAN entries on Switch C.

A# configure terminal
A(config)# interface interface_name
A(config-if)# switchport mode trunk
A(config-if)# exit
A(config)# interface interface_name
A(config-if)# switchport mode hybrid
A(config-if)# switchport hybrid allowed vlan add untagged 100,200
A(config-if)# mac-vlan enable
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A(config-if)# exit
A(config)#mac-vlan mac-address PC-A1-mac vlan 100
A(config)#mac-vlan mac-address PC-B1-mac vlan200

Verification
A

Check the configured static MAC VLAN entries on Switch C.
A# FS# show mac-vlan static
The following MAC VLAN address exist:
S:Static

D: Dynamic

MAC ADDR

MASK

VLAN ID

PRIO

STATE

------------------------------------------------------PC-A1-macffff.ffff.ffff

100

0

S

PC-B1-macffff.ffff.ffff

200

3

S

Total MAC VLAN address count: 2

26.5 Monitoring
Displaying
Description

Command

Displays all the MAC VLAN entries,

show mac-vlan all

including static and dynamic.
Displays the dynamic MAC VLAN entries. show mac-vlan dynamic
Displays the static MAC VLAN entries.

show mac-vlan static

Displays the MAC VLAN entries of a

show mac-vlan vlan vlan-id

specified VLAN.
Displays the MAC VLAN entries of a

show mac-vlan mac-address mac-address [mask mac-mask]

specified MAC address.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the MAC VLAN function.

debug bridge mvlan
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27Configuring Super VLAN
28Overview
Super virtual local area network (VLAN) is an approach to dividing VLANs.Super VLAN is also called VLAN aggregation, and is a
management technology tailored for IP address optimization.
Using super VLAN can greatly save IP addresses. Only one IP address needs to be assigned to the super VLAN that consists of multiple
sub VLANs, which greatly saves IP addresses and facilitates network management.

28.1 Application

Application

Description

Sharing One IP Gateway Among

VLANs are divided to implement layer-2 (L2) isolation of access users. All VLAN users share

Multiple VLANs

one IP gateway to implement layer-3 (L3) communication and communication with
external networks.

28.1.1 Sharing One IP Gateway Among Multiple VLANs

Scenario
MultipleVLANsareisolatedatL2onaL3device,but usersoftheseVLANscanperformL3communicationwitheachother inthesame
network segment.
Figure 7- 1

Remarks

Switch A is a gateway or core switch.
Switch B, Switch C, and Switch D are access switches.
OnSwitchA,asuperVLANandmultiplesubVLANsareconfigured,andaL3interfaceandtheIPaddressoftheL3
interface are configured for the super VLAN.
VLAN 10isconfiguredon SwitchB,VLAN 20isconfiguredon SwitchC, andVLAN 30isconfiguredon SwitchD.Different
departments of the company reside in different VLANs.

Deployment
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On the intranet, use the super VLAN so that multiple sub VLANs can share one IP gateway and meanwhile VLANs are mutually isolated
at L2.
Users in sub VLANs can perform L3 communication through the gateway of the super VLAN.

28.2 Features
Basic Concepts



Super VLAN

SuperVLAN isalso calledVLAN aggregation, and isa management technology tailoredfor IP addressoptimization. It aggregates
multipleVLANstooneIPnetworksegment. Nophysicalport canbeaddedtoasuperVLAN.Theswitchvirtualinterface(SVI)isusedto
manage the cross-VLAN communication of sub VLANs. The super VLAN cannot be used as a common 802.1Q VLAN, but can be treated
as the primary VLAN of sub VLANs.



Sub VLAN

A sub VLAN is an independent broadcast domain. Sub VLANs are mutually isolated at L2. Users of sub VLANs of the same or different
super VLANs communicate with each other through the L3 SVIs of their own super VLANs.



ARP Proxy

AL3SVI canbecreated onlyforasuperVLAN.UsersinasubVLANcommunicates withusersinother subVLANs ofthe samesuper
VLANorusersinothernetworksegmentsthroughtheARPproxyand theL3SVIofthesuperVLAN.WhenauserofasubVLANsends
anARPrequesttoauserofanothersubVLAN,thegatewayofthesuperVLANusesitsownMACaddresstosendorrespondtotheARP
requests. The process is called ARP proxy.



IP Address Range of the Sub VLAN

Based on the gateway IP address configured for the super VLAN, an IP address range can be configured for each sub VLAN.
Overview
Feature
Super VLAN

Description
Create a L3 interface as anSVI to allow all sub VLANs to share the same IP network segment through the
ARP proxy.

28.2.1 Super VLAN

Users of all sub VLANs of a super VLAN can be allocated IP addresses in the same IP address range, and share the same IP gateway.
Users can implement cross-VLAN communication through this gateway. It is unnecessary to allocate a gateway for every VLAN, which
saves the IP addresses.
Working Principle
IP addresses in a network segment are allocated to different sub VLANs that belong to the same super VLAN. Each sub VLAN has an
independentbroadcastdomainoftheVLAN, anddifferentsubVLANsareisolatedfromeachotheratL2.WhenusersinsubVLANs
needtoperformL3communication,theIPaddressof theSVIofthesuperVLAN isusedasthegatewayaddress.Inthisway,multiple
VLANs share the same IP gateway, and it is unnecessary to configure a gateway for every VLAN. In addition, to implement L3
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communicationbetweensubVLANsandbetweensubVLANsandothernetworksegments,theARPproxyfunctionisusedtoforward
and process the ARP requests and responses.
L2communicationofsubVLANs:IftheSVIisnotconfiguredforthesuperVLAN,subVLANsofsuperVLANaremutuallyisolatedatL2,
thatis,usersindifferentsubVLANscannot communicatewitheachother.IftheSVIisconfiguredforthesuperVLAN,and thegateway
ofthesuper VLANcan functionastheARP proxy,usersin differentsubVLANs ofthesame superVLAN cancommunicatewitheach
other. This is because IP addresses of users in different sub VLANs belong to the same network segment, and communication between
these users is still treated as L2 communication.
L3 communication of sub VLANs: If users in sub VLANs of a super VLAN need to perform L3 communication across network segments,
the gateway of this super VLAN functions as the ARP proxy to respond to the ARP requests in place of sub VLANs.

28.3 Configuration

Configuration Item

Description and Command
Mandatory.

Configuring Basic Functions of
the Super VLAN

supervlan

Configures a super VLAN.

subvlanvlan-id-list

Configures a sub VLAN.

proxy-arp

Enables the ARP proxy function.

interface vlanvlan-id

Creates a virtual interface for a super VLAN.

ip addressip mask

Configures the IP address of the virtual interface of a
super VLAN.

Optional.
subvlan-address-range start-ip
end-ip

Specifies the IP address range in a sub VLAN.

28.3.1 Configuring Basic Functions of the Super VLAN

Configuration Effect
Enable the super VLAN function and configure an SVI for the super VLAN to implement L2/L3 communication between sub VLANs
across VLANs.
Users in all sub VLANs of a super VLAN share the same IP gateway. It is unnecessary to specify a network segment for every VLAN,
which saves the IP addresses.
Notes
AsuperVLANdoesnotbelongtoanyphysicalport.Therefore,thedeviceconfiguredwiththesuperVLANcannotprocess
packets that contain the super VLAN tag.
Both the super VLAN function and the ARP proxy function of each sub VLAN must be enabled.
AnSVIandanIPaddressmustbeconfiguredforasuperVLAN.TheSVIisavirtualinterfaceusedforcommunicationofusersin
all sub VLANs.
Configuration Steps



Configuring a Super VLAN
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Mandatory.



No physical port exists in a super VLAN.



The ARP proxy function must be enabled. This function is enabled by default.



You can run the supervlan command to change a common VLAN into a super VLAN.



AfteracommonVLANbecomesasuperVLAN,portsaddedtothisVLANwillbedeletedfromthisVLANbecausenophysicalport
exists in a super VLAN.
A super VLAN is valid only after you configure sub VLANs for this super VLAN.
VLAN 1 cannot be configured as a super VLAN.
A super VLAN cannot be configured as a sub VLAN of another super VLAN. A sub VLAN of a super VLAN cannot be configured as
a super VLAN.

Command

supervlan

Parameter

N/A

Description
Defaults

By default, a VLAN is a common VLAN.

Command

VLAN configuration mode

Mode
Usage Guide

By default, the super VLAN function is disabled.
Nophysicalport canbeaddedtoasuperVLAN.
Once a VLAN is not a super VLAN, all its sub VLANs become common static VLANs.



Configuring a Virtual Interface for a Super VLAN



Mandatory.



No physical port can be added to a super VLAN. You can configure the L3 SVI for a VLAN.
WhenasuperVLANisconfigurewithanSVI,itallocatesaL3interfaceitoeachsubVLANs.IfasubVLANisnot allocatedaL3
interfacedue to resource deficiency, the sub VLAN becomes a common VLAN again.

Command

interface vlanvlan-id

Parameter

vlan-id: Indicates the ID of the super VLAN.

Description
Defaults

By default, no super VLAN is configured.

Command

Global configuration mode

Mode
Usage Guide

A L3 interface must be configured as the virtual interface of a super VLAN.



Configuring the Gateway of a Super VLAN



Mandatory.



The IP gateway on the L3 SVI is configured as the proxy for all users in sub VLANs to respond to ARP requests.

Command

ip addressip mask

Parameter

ip: Indicates the IP address of the gateway on the virtual interface of a super VLAN.
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Description

Mask: Indicates the mask.

Defaults

By default, no gateway is configured for a super VLAN.

Command

Interface configuration mode

Mode
Usage Guide

Runthiscommand toconfigurethegateway forasuperVLAN. Usersof allsubVLANsof thesuperVLAN share this
gateway.



Configuring a Sub VLAN



Mandatory.



Physical ports can be added to sub VLANs. Sub VLANs of a super VLAN share the gateway address of the super VLAN and reside
in the same network segment.



The ARP proxy function must be enabled. This function is enabled by default.



You can run the subvlanvlan-id-list command to change a common VLAN into a sub VLAN of a super VLAN. Physical ports can
be added to sub VLANs.



Communication of users in a sub VLAN is managed by the super VLAN.
YoumustchangeasubVLANintoacommonVLAN beforeyoucandeletethissubVLANbyrunningthenovlancommand.
One sub VLAN belongs to only one super VLAN.

Command

subvlanvlan-id-list

Parameter

vlan-id-list : Specifies multiple VLANs as sub VLANs of a super VLAN.

Description
Defaults

By default, a VLAN is a common VLAN.

Command

VLAN configuration mode

Mode
Usage Guide

Connection interfaces can be added to a sub VLAN.
Youmust change a sub VLAN into a common VLAN before you can delete this sub VLAN by running the no vlan
[ id]command.
You cannot configure a L3 SVI of the VLAN for a sub VLAN.
If you haveconfigured aL3 SVI fora superVLAN, theattempt of adding moresubVLANs may faildue to
resource deficiency.
If you configure sub VLANs to a super VLAN, and then configure a L3 SVI of the VLAN for a super VLAN, some
sub VLANs may become common VLANs again due to resource deficiency.



Configuring the ARP Proxy



(Mandatory) The ARP proxy function is enabled by default.



Users in sub VLANs can implement L2/L3 communication across VLANs through the gateway proxy only after the ARP proxy
function is enabled on both the super VLAN and sub VLANs.



UsersinsubVLANscancommunicatewithusersofotherVLANsonlyaftertheARPproxy functionisenabledonboththesuper
VLAN and sub VLANs.
The ARP proxy function must be enabled on both the super VLAN and sub VLANs.Otherwise, this function does not take effect.

Command
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Parameter
Description

N/A

Defaults

By default, the ARP proxy function is enabled.

Command

VLAN configuration mode

Mode
Usage Guide

By default, the ARP proxy function is enabled.
Run this command to enable the ARP proxy function on both the super VLAN and sub VLANs.
Users in sub VLANs can implement L2/L3 communication across VLANs only after the ARP proxy function is
enabled on both the super VLAN and sub VLANs.



Configuring the IP Address Range of the Sub VLAN



You can allocate an IP address range to each sub VLAN. Users in a sub VLAN can communicate with users of other VLANs only
when their IP addresses are in the specified range.



Unless otherwise specified, you do not need to configure the IP address range.
IP addresses dynamically allocated to users through DHCP may not be in the allocated IP address range. If the IP addresses
allocated through DCHP are not in the specified range, users in a sub VLAN cannot communicate with users of other VLANs.
Therefore, be cautious in using the subvlan-address-range start-ip end-ipcommand.
TheIPaddressrangeofasubVLANmustbewithintheIPaddressrangeofthesuperVLAN towhichthesubVLAN
belongs.Otherwise, users in sub VLANs cannot communicate with each other.
IP addresses of users in a sub VLAN must be within the IP address range of the sub VLAN.Otherwise, users in the sub VLAN
cannot communicate with each other.

Command

subvlan-address-range start-ip end-ip

Parameter

start-ip: Indicates the start IP address of a sub VLAN.

Description

end-ip: Indicates the end IP address of a sub VLAN.

Defaults

By default, no IP address range is configured.

Command

VLAN configuration mode

Mode
Usage Guide

Optional.
Run this command to configure the IP address range of users in a sub VLAN.
IP address ranges of different sub VLANs of a super VLAN cannot overlap with each other.
TheIPaddressrange of asubVLAN mustbe withintheIPaddressrangeof thesuperVLAN towhichthesub
VLAN belongs. Otherwise, users in sub VLANs cannot communicate with each other.
Users in a sub VLAN can communicate with users of other VLANs only when their IP addresses (either
dynamically allocated through DHCP or statically configured) are in the configured IP address range.
IPaddressesallocatedthroughDHCPmaynotbeintheconfiguredIPaddressrange.Inthiscase,usersina
sub VLAN cannot communicate with users of other VLANs. Therefore, be cautious when using this command.

Verification
After each sub VLAN is correlated with the gateway of the super VLAN, users in sub VLANs can ping each other.
Configuration Example
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Configuring a Super VLAN on the Network so That Users in its Sub VLANs Use the Same Network Segment and Share the
Same IP Gateway to Save IP Addresses

Scenario
Figure 7- 2

Configuration

Perform the related super VLAN configuration on the core switch.

Steps

On the access switches, configure the common VLANs corresponding to the sub VLANs on the core switch.

A

SwitchA#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchA(config)#vlan 2
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 10
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 20
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 30
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 2
SwitchA(config-vlan)#supervlan
SwitchA(config-vlan)#subvlan10,20,30
SwitchA(config-vlan)#exit
SwitchA(config)#interface vlan 2
SwitchA(config-if-VLAN 2)#ip address 192.168.1.1 255.255.255.0
SwitchA(config)#vlan 10
SwitchA(config-vlan)#subvlan-address-range 192.168.1.10 192.168.1.50
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SwitchA(config-vlan)#exit
SwitchA(config)#vlan 20
SwitchA(config-vlan)#subvlan-address-range 192.168.1.60 192.168.1.100
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 30
SwitchA(config-vlan)#subvlan-address-range 192.168.1.110 192.168.1.150
SwitchA(config)#interface range gigabitEthernet 0/1,0/5,0/9
SwitchA(config-if-range)#switchport mode trunk

Verification
A

Verify that the source host (192.168.1.10) and the destination host (192.168.1.60) can ping each other.
SwitchA(config-if-range)#show supervlan
supervlan id supervlan arp-proxy subvlan id subvlan arp-proxy subvlan ip range
------------ ------------------- ---------- ----------------- --------2

ON

10

ON192.168.1.10 -192.168.1.50

20

ON 192.168.1.60 - 192.168.1.100

30

ON 192.168.1.110 - 192.168.1.150

Common Errors
The SVI and IP gateway are not configured for the super VLAN. Consequently, communication fails between sub VLANs and between
sub VLANs and other VLANs.
The ARP proxy function is disabled on the super VLAN or sub VLANs. Consequently, users in sub VLANs cannot communicate with
users of other VLANs.
The IP address range of the sub VLAN is configured, but IP addresses allocated to users are not in this range.

28.4 Monitoring
Displaying
Description

Command

Displays the super VLAN configuration. show supervlan
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description
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Debugs the super VLAN.

debug bridge svlan

29 Configuring Protocol VLAN
29.1 Overview
The protocol VLAN technology is a VLAN distribution technology based on the packet protocol type. It can distribute packets of a
certain protocol type witha null VLAN ID to the sameVLAN.That is, the switch, based on the protocol type and encapsulation format
ofpacketsreceivedby ports,matches thereceiveduntagged packetswithprotocol profiles.If thematchingissuccessful,theswitch
automaticallydistributesthepacketstoarelevantVLANfortransmission.Therearetwotypes ofprotocolVLANs:IPaddress-based
protocolVLAN and protocolVLANbased on thepackettype and Ethernet typeon ports.The protocolVLAN based onthe packettype
andEthernet typeonportsiscalledprotocolVLANforshortandtheIPaddress-basedprotocolVLANiscalledsubnetVLANforshort.
The protocol VLAN is applicable only to Trunk ports and Hybrid ports.
Protocols and Standards
IEEE standard 802.1Q

29.2 Applications
Application

Description

Configuration and Application of

Implements Layer-2 communication isolation of user hosts that use different protocol

Protocol VLAN

packets for communication to reduce the network traffic.

Configuration and Application of Subnet

Specifies theVLAN range based on the IP network segment to which user packets belong.

VLAN
29.2.1 Configuration and Application of Protocol VLAN

Scenario
Asshowninthe following figure,the networkarchitectureiscomposed of theinterconnectedWindows NTserver and Novell Netware
serverand theoffice areaisconnected tothe Layer-3deviceSwitchAthrough a hub.There aredifferentPCsin theofficearea. Some
PCsusetheWindowsNToperatingsystem(OS)andsupport theIPprotocol,and somePCsusetheNovellNetwareOSandsupport
the IPX protocol. PCs in the office area communicate with the external network and servers through the uplink port Gi 0/3.
The main requirements are as follows:



The Layer-2 communication of PCs using the Windows NT OS is isolated from that of PCs using the Novell Netware OS, so as to
reduce the network traffic.
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Figure 8- 1

Remarks

Switch A is a switch and Port Gi 0/3 is a Hybrid port. Port Gi 0/1 is an Access port and belongs toVLAN 2. Port Gi 0/2 is also
an Access port and belongs to VLAN 3.

Deployment



Configureprofiles of the packet type and Ethernet type (inthisexample, configureProfile 1for IPprotocol packetsand
configure Profile 2 for IPX protocol packets).



Applythe profilestotheuplink port (Port Gi0/3 in thisexample) and associatethem withVLANs (inthisexample, associate
Profile 1 with VLAN 2 and associate Profile 2 with VLAN 3).
The configured protocol VLANs take effect only on the Trunk ports and Hybrid ports.

29.2.2 Configuration and Application of Subnet VLAN

Scenario
Asshown inthe following figure,PCs inOfficeAand OfficeBare connectedtothe Layer-3 deviceSwitchA through hubs.In OfficeA,
the PCs belong to a fixed network segment and they are distributed to the same VLAN by port. In Office B, the PCs belong to two
network segments, but they cannot be distributed to VLANs by fixed port.
The main requirements are as follows:
ForPCsinOfficeB,SwitchAcandeterminetheVLANrangeofthePCsbasedontheIPnetworksegment towhichtheirpackets
belong.
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Figure 8- 2

Remarks

Switch A is a switch. Port G0/1 is an Access port and belongs toVLAN 2. Port G0/2 is also an Access port and belongs to
VLAN 3. Port G0/3 is a Hybrid port.

Deployment



Globally configure subnet VLANs (in this example, allocate the IP network segment 192.168.1.1/24 to VLAN 3 and the IP network
segment 192.168.2.1/24 to VLAN 2) and enable the subnet VLAN function on the uplink port (Port Gi 0/3 in this example).
The configured subnet VLANs take effect only on the Trunk ports and Hybrid ports.

29.3 Features
Basic Concepts



Protocol VLAN

The protocolVLAN technology isaVLAN distributiontechnology based on the packetprotocol type. It can distributepackets of a
certain protocol type with a null VLAN ID to the same VLAN.
VLANsneedtobespecifiedforpacketsreceivedbydeviceportssothatapacketbelongstoauniqueVLAN.Therearethreepossible
cases:



Ifapacket contains anull VLAN ID(untagged or prioritypacket) and the device supports only port-basedVLAN distribution, the
VLAN ID in the tag added to the packet is the PVID of the input port.



Ifapacket contains a nullVLAN ID(untagged or prioritypacket) and the devicesupportsVLAN distributionbased on thepacket
protocol type, the VLAN ID in the tag added to the packet is selected from the VLAN IDs mapped to the protocol suite
configuration of the input port. If the protocol type of the packet does not match all protocol suite configuration of the input
port, a VLAN ID is allocated according to the port-based VLAN distribution.



If a packet is a tagged packet, the VLAN to which the packet belongs is determined by the VLAN ID in the tag.
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Subnet VLANs can be configured only globally that is, only the protocol VLAN function can be enabled or disabled on ports.The
matching configuration is globallyperformed for the protocol VLAN, thematching configuration is selected on ports and theVLAN
IDs are specified for packets that are matched successfully.



Ifan input packetcontains a nullVLAN IDand the IPaddressof the input packet matchesan IPaddress,thepacket isdistributed
to the subnet VLAN.



If an input packet contains a null VLAN ID and the packet type and Ethernet type of the input packet match the packet type and
Ethernet type of an input port, the packet is allocated to the protocol VLAN.



Protocol VLAN Priority

The priorityof asubnet VLAN ishigher than thatof a protocolVLAN.That is, ifa subnetVLAN and protocolVLAN areconfiguredat the
same time and an input packet conforms to both the subnet VLAN and protocol VLAN, the subnet VLAN prevails.
Overview
Feature

Description

Automatic VLAN

Theservicetypes supportedon anetworkarebound withVLANs orpacketsfromaspecifiedIPnetwork

Distribution Based on

segment are transmitted in a specified VLAN to facilitate management and maintenance.

Packet Type
29.3.1 Automatic VLAN Distribution Based on Packet Type

Working Principle
Set rules on the hardware and enable the rules on ports.The rules take effect only afterthey are enabled on ports.The rules include
thepacket type and IP address of packets.Whena port receives untagged data packets that meet the rules, the port automatically
distributesthemtotheVLAN specifiedintherulesfortransmission.Whentherulesaredisabledonports,untaggeddatapacketsare
distributed to the Native VLAN according to the port configuration.
Related Configuration

29.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the VLAN distribution function based on the packet type and
Ethernet type of the protocol VLAN.

Configuring the Protocol

protocol-vlan profile num frame-type [ type ]

Configures the profile of the packet type and

ether-type [ type ]

Ethernet type.

VLAN Function
protocol-vlan profile num ether-type [ type ]

protocol-vlan profile num vlan vid

Configuring the Subnet
VLAN Function

www.fs.com

Configures the profile of the Ethernet type (some
models do not support frame identification).
(Interfaceconfigurationmode)Appliestheprotocol
VLAN on a port.

(Mandatory) It is used to enable IP address-based VLAN distribution function of the protocol VLAN.
protocol-vlan ipv4 address mask address vlan vid ConfiguresanIP address,subnet mask, andVLAN
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Configuration

Description and Command
distribution.

protocol-vlan ipv4

(Interface configuration mode) Enables the subnet
VLAN on a port.

29.4.1 Configuring the Protocol VLAN Function

Configuration Effect
Bind service types supported in a network with VLANs to facilitate management and maintenance.
Notes



ItisrecommendedthattheprotocolVLANbeconfiguredafterVLANs,andtheTrunk,Hybrid,Access,andAPattributesofports
are configured.



If protocol VLAN is configured on aTrunk port or Hybrid port, all VLANs relevant tothe protocol VLAN need to be contained in
the permitted VLAN list of the Trunk port or Hybrid port.

Configuration Steps



Configuring the Protocol VLAN Globally



Mandatory.



The protocol VLAN can be applied on an interface only in global configuration mode.

Command

protocol-vlan profile num frame-type [type] ether-type [type]

Parameter

num: Indicates the profile index.

Description

type: Indicates the packet type and Ethernet type.

Defaults

The protocol VLAN is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

The protocol VLAN can be configured on an interface only when the protocolVLAN is globally configured. When the
global configuration of a protocol VLAN profile is deleted, theprotocolVLAN configuration is deleted from all
interfaces corresponding to the profile of the protocol VLAN.



Switching the Port Mode to Trunk/Hybrid Mode



Mandatory. The protocol VLAN function takes effect only on ports that are in Trunk/Hybrid mode.



Enabling the Protocol VLAN on a Port



Mandatory. The protocol VLAN is disabled by default.



The protocol VLAN is truly enabled only when it is applied on interfaces.

Command

protocol-vlan profile num vlan vid

Parameter

num: Indicates the profile index.

Description

vid: Indicates the VLAN ID. The value 1 indicates the maximum VLAN ID supported by the product.

Defaults

The protocol VLAN is disabled by default.
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299

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

Interface configuration mode

Mode
Usage Guide

An interface must work in Trunk/Hybrid mode.

Verification
Run the show protocol-vlan profile command to check the configuration.
Configuration Example



Enabling the Protocol VLAN Function in the Topological Environment

Scenario
Figure 8- 3

Configuration



Configure VLAN 2 and VLAN 3 for user communication on Switch A.

Steps



Configurethe protocol VLAN globally on SwitchA(in thisexample, configure Profile 1 for IP protocol packets
and configure Profile2 forIPX protocol packets),enable the protocolVLAN function on theuplink port (Port Gi
0/3 in thisexample), and complete the protocol-VLAN association (inthis example, associateProfile 1 with
VLAN 2 and associate Profile 2 with VLAN 3).



Port Gi 0/1 is an Access port and belongs toVLAN 2. Port Gi 0/2 is also an Access port and belongs toVLAN 3.
Port Gi 0/3 isa Hybrid port. Ensure that the user communicationVLANs arecontained inthe permitted
untagged VLAN list of the Hybrid port.

A

1. Create VLAN 2 and VLAN 3 for user network communication.

# configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
A(config)# vlan range 2-3

www.fs.com
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2. Configure the portmode.
A(config)#interface gigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#switchport
A(config-if-GigabitEthernet 0/1)#switchport access vlan 2
A(config-if-GigabitEthernet 0/1)#exit
A(config)#interface gigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#switchport
A(config-if-GigabitEthernet 0/2)#switchport access vlan 3
A(config-if-GigabitEthernet 0/2)#exit
A(config)# interface gigabitEthernet 0/3
A(config-if-GigabitEthernet 0/3)#switchport
A(config-if-GigabitEthernet 0/3)# switchport mode hybrid
A(config-if-GigabitEthernet 0/3)# switchport hybrid allowed vlan untagged 2-3

3. Configure the protocol VLAN globally.
Configure Profile 1 for IP protocol packets and Profile 2 for IPX protocol packets (in this example, assume that packets
are encapsulated using Ethernet II and the Ethernet types of IP protocol packets and IPX protocol packets are 0X0800
and 0X8137 respectively).

A(config)#protocol-vlan profile 1 frame-type ETHERII ether-type 0x0800
A(config)#protocol-vlan profile 2 frame-type ETHERIIether-type 0x8137

4. Apply Profile 1 and Profile 2 to Port Gi 0/3 and allocate Profile 1to VLAN 2 and Profile 2 to VLAN 3.
A(config)# interface gigabitEthernet 0/3
A(config-if-GigabitEthernet 0/3) #protocol-vlan profile 1 vlan 2
A(config-if-GigabitEthernet 0/3) #protocol-vlan profile 2 vlan 3

Verification

Check whether the protocol VLAN configuration on the device is correct.

A

A(config)#show protocol-vlan profile

profile frame-type

ether-type/DSAP+SSAP

interface

vlan

------- ---------------- ---------------------- --------------- ---1

ETHERII

0x0800
Gi0/3
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2

ETHERII

0x8137
Gi0/3

3

Common Errors



A port connected to the device is not in Trunk/Hybrid mode.



The permitted VLAN list of the port connected to the device does not contain the user communication VLANs.



The protocol VLAN function is disabled on a port.

29.4.2 Configuring the Subnet VLAN Function

Configuration Effect
Distribute packets from a specified network segment or IP address to a specified VLAN for transmission.
Notes



ItisrecommendedthattheprotocolVLANbeconfiguredafterVLANs,andtheTrunk,Hybrid,Access,andAPattributesofports
are configured.



If protocol VLAN is configured on aTrunk port or Hybrid port, all VLANs relevant tothe protocol VLAN need to be contained in
the permitted VLAN list of the Trunk port or Hybrid port.

Configuration Steps



Configuring the Subnet VLAN Globally



Mandatory.



The subnet VLAN can be applied on an interface only in global configuration mode.

Command

protocol-vlan ipv4 address mask address vlan vid

Parameter

address: Indicates the IP address.

Description

vid: Indicates the VLAN ID. The value 1 indicates the maximum VLAN ID supported by the product.

Defaults

The subnet VLAN is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

ThesubnetVLANcanbeenabledonaninterfaceeveniftheprotocolVLANisnotenabledglobally.Nevertheless,the
subnet VLAN takes effect only when the protocol VLAN is configured globally.



Switching the Port Mode to Trunk/Hybrid Mode



Mandatory. The subnet VLAN function takes effect only on ports that are in Trunk/Hybrid mode.



Enabling the Subnet VLAN on a Port



Mandatory. The subnet VLAN is disabled by default.



The subnet VLAN is truly enabled only when it is applied on interfaces.

www.fs.com

302

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command
Parameter

protocol-vlan ipv4
N/A

Description
Defaults

The subnet VLAN is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

An interface must work in Trunk/Hybrid mode.

Verification
Run the show protocol-vlan ipv4 command to check the configuration.
Configuration Example



Enabling the Subnet VLAN Function in the Topological Environment

Scenario
Figure 8- 4

Configuration



Configure VLAN 2 and VLAN 3 for user communication on Switch A.

Steps



Globally configure subnet VLANs on Switch A (in this example, allocate the IP network segment 192.168.1.1/24
toVLAN3andtheIPnetworksegment 192.168.2.1/24toVLAN 2)and enablethesubnetVLAN functiononthe
uplink port (Port Gi 0/3 in this example).



Port Gi 0/1 is an Access port and belongs toVLAN 2. Port Gi 0/2 is also an Access port and belongs toVLAN 3.
Port Gi 0/3 is a Hybrid port. Ensure that the user communicationVLANs are contained in the permitted
untagged VLAN list of the Hybrid port.

A

1. Create VLAN 2 and VLAN 3 for user network communication.
A# configure terminal
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Enter configuration commands, one per line. End with CNTL/Z.
A(config)# vlan range 2-3

2. Configure the portmode.

A(config)#interface gigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#switchport
A(config-if-GigabitEthernet 0/1)#switchport access vlan 2
A(config-if-GigabitEthernet 0/1)#exit
A(config)#interface gigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#switchport
A(config-if-GigabitEthernet 0/2)#switchport access vlan 3
A(config-if-GigabitEthernet 0/2)#exit
A(config)# interface gigabitEthernet 0/3
A(config-if-GigabitEthernet 0/3)#switchport
A(config-if-GigabitEthernet 0/3)# switchport mode hybrid
A(config-if-GigabitEthernet 0/3)# switchport hybrid allowed vlan untagged 2-3

3. Configure the subnet VLAN globally.
A(config)# protocol-vlan ipv4 192.168.1.0 mask 255.255.255.0 vlan 3
A(config)# protocol-vlan ipv4 192.168.2.0 mask 255.255.255.0 vlan 2

4. Enable the subnet VLAN on interfaces. The subnet VLAN is disabled by default.
(config-if-GigabitEthernet 0/3)# protocol-vlan ipv4

Verification

Check whether the subnet VLAN configuration on the device is correct.

A

A# show protocol-vlan ipv4
ip

mask

vlan

--------------- --------------- ---192.168.1.0

255.255.255.0

3

192.168.2.0

255.255.255.0

2

interface

ipv4 status

-------------------- -----------
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Gi0/3

enable

Common Errors



A port connected to the device is not in Trunk/Hybrid mode.



The permitted VLAN list of the port connected to the device does not contain the user communication VLANs.



The subnet VLAN is disabled on a port.

29.5 Monitoring
Displaying
Description

Command

Displays the protocol VLAN content.

show protocol-vlan

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the protocol VLAN.

debug bridge protvlan

30 Configuring Private VLAN
30.1 Overview
Private VLAN divides the Layer-2 broadcast domain of a VLAN into multiple subdomains. Each subdomain is composed of one private
VLAN pair: primary VLAN and secondary VLAN.
One private VLAN domain may consist of multiple private VLAN pairs and each private VLAN pair represents one subdomain. In a
private VLAN domain, all private VLAN pairs share the same primary VLAN. The secondary VLAN IDs of subdomains are different.
IfaserviceproviderallocatesoneVLAN toeachuser,thenumber of usersthat canbe supportedbythe serviceprovider isrestricted
becauseone devicesupportsamaximumof 4,096VLANs.OnaLayer-3device,one subnet addressoraseriesofaddressesare
allocatedtoeachVLAN,whichresultsinthewasteofIPaddresses.TheprivateVLANtechnologyproperlysolvestheprecedingtwo
problems. Private VLAN is hereinafter called PVLAN for short.

30.2 Applications
Application

Description

Cross-Device Layer-2 Application of

Users of an enterprise can communicate with each other but the user communication between

PVLAN

enterprises is isolated.

Layer-3Application of PVLAN on a Single

All enterprise users share the same gateway address and can communicate with the external

Device

network.

30.2.1 Cross-DeviceLayer-2Application ofPVLAN

Scenario
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As shown in the following figure, in the hosting service operation network, enterprise user hosts are connected to the network
through Switch A or Switch B. The main requirements are as follows:



Users of an enterprise can communicate with each other but the user communication between enterprises is isolated.



All enterprise users share the same gateway address and can communicate with the external network.

Figure 9- 1

Remarks

Switch A and Switch B are access switches.
PVLANrunsacrossdevices.TheportsforconnectingthedevicesneedtobeconfiguredasTrunkports,thatis,PortGi0/5of
Switch A and Port Gi 0/1 of Switch B are configured as Trunk ports.
Port Gi 0/1 for connecting Switch A to the gateway needs to be configured as a promiscuous port.
Port Gi 0/1 of the gateway can be configured as aTrunk port or Hybrid port and the NativeVLAN is the primary VLAN of
PVLAN.

Deployment



Configure all enterprises to be in the same PVLAN (primary VLAN 99 in this example). All enterprise users share the same Layer-3
interface through this VLAN to communicate with the external network.



Ifanenterprisehasmultipleuserhosts,allocatetheuserhostsofdifferententerprisestodifferentcommunityVLANs.Thatis,
configure the ports connected to the enterprise user hosts as the host ports of a community VLAN, so as to implement user
communication inside an enterprise but isolate the user communication between enterprises.



If an enterprise has only one user host, configure the ports connected to the user hosts of suchenterprises as the host ports of
an isolated VLAN so as to implement isolation of user communication between the enterprises.
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30.2.2 Layer-3 Application of PVLAN on a Single Device

As shown in the following figure, in the hosting service operation network, enterprise user hosts are connected to the network
through the Layer-3 device Switch A. The main requirements are as follows:



Users of an enterprise can communicate with each other but the user communication between enterprises is isolated.



All enterprise users can access the server.



All enterprise users share the same gateway address and can communicate with the external network.

Figure 9- 2

Remarks

Switch A is a gateway switch.
Whenuserhostsareconnected toasingledevice,Port Gi0/7forconnectingtotheserverisconfiguredasa promiscuous
port so that enterprise users can communicate with the server.
Layer-3mapping needs to be performed on the primaryVLAN and secondary VLANs so that the users can communicate
with the external network.

Deployment



Configuretheportthatisdirectlyconnectedtotheserver asapromiscuousport.Then,allenterpriseuserscancommunicate
with the server through the promiscuous port.



ConfigurethegatewayaddressofPVLANontheLayer-3device(SwitchAinthisexample)(inthisexample,settheSVIaddressof
VLAN 2 to 192.168.1.1/24) and configure the mapping between the primary VLAN and secondary VLANs on the Layer-3 interface.
Then, all enterprise users can communicate with the external network through the gateway address.

30.3 Features
Basic Concepts



PVLAN
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PVLAN supports three types of VLANs: primary VLANs, isolated VLANs, and community VLANs.
A PVLAN domain has only one primary VLAN. Secondary VLANs implement Layer-2 isolation in the same PVLAN domain. There are
two types of secondary VLANs.



Isolated VLAN

Ports in the same isolated VLAN cannot mutually make Layer-2 communication. A PVLAN domain has only one isolated VLAN.



Community VLAN

PortsinthesamecommunityVLANcanmakeLayer-2communicationwitheachotherbutcannot makeLayer-2communicationwith
ports in other community VLANs. A PVLAN domain can have multiple community VLANs.



Layer-2 Association of PVLAN

PVLAN pairs exist only after Layer-2 association is performed among the three types of VLANs of PVLAN. Then, a primary VLAN has a
specified secondary VLAN and a secondary VLAN has a specified primary VLAN. A primary VLAN and secondary VLANs are in the
one-to-many relationship.



Layer-3 Association of PVLAN

In PVLAN, Layer-3 interfaces, that is, switched virtual interfaces (SVIs) can be created only in a primary VLAN. Users in a secondary
VLAN can make Layer-3 communication only after Layer-3 association is performed between the secondary VLAN and the primary
VLAN. Otherwise, the users can make only Layer-2 communication.



Community Port

Communityports are ports ina communityVLAN. Communityports inthe same communityVLAN can communicate witheach other
and can communicate with promiscuous ports. They cannot communicate with community ports in other community VLANs or
isolated ports in an isolated VLAN.



Promiscuous Port

Promiscuousportsareportsina primaryVLAN.Theycancommunicatewithanyports,including isolatedportsand communityports
in secondary VLANs of the same PVLAN domain.
In PVLAN, SVIs can be created only in a primary VLAN and SVIs cannot be created in secondary VLANs.
PortsinPVLANcanbeusedasmirroringsourceportsbutcannot beusedasmirroringdestinationports.
Overview
Feature

Description
Ports of different PVLAN types can be configured to implement interworking and isolation of VLAN intermediate

PVLAN Layer-2 Isolation
and IP Address Saving

user hosts.
After Layer-2 mapping is performed between a primary VLAN and secondary VLANs, only Layer-2 communication
is supported. If Layer-3communication isrequired, users ina secondaryVLAN need touse SVIs of the primary
VLAN to make Layer-3 communication.

30.3.1 PVLAN Layer-2 Isolation and IP Address Saving

Add users to subdomains of PVLAN to isolate communication between enterprises and between enterprise users.
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Working Principle
Configure PVLAN, configure Layer-2 association and Layer-3 association between a primary VLAN and SubVLANs of PVLAN, and
configureportsconnected touserhosts,external networkdevices,and serversas differenttypes of PVLANports.Inthisway,
subdomain division and communication of users in subdomains with the external network and servers can be implemented.



Packet Forwarding Relationship Between Ports of Different Types

Output Port

Promiscuous

Isolated Port

Port

Community

Isolated Trunk Port

Promiscuous

Trunk Port

Port

(in the Same VLAN)

Trunk Port

(in the Same

(in the Same

VLAN)

Input Port
Promiscuous Port
Isolated Port
Community Port



VLAN)
Supported

Supported

Supported

Supported

Supported

Supported

Supported

Unsupported

Unsupported

Unsupported

Supported

Supported

Supported

Unsupported

Supported

Supported

Supported

Supported

VLAN Tag Changes After Packet Forwarding Between Ports of Different Types

Output Port

Promiscuous

Isolated

Community

Isolated Trunk Port

Promiscuous Trunk

Trunk Port

Port

Port

Port

(in the Same VLAN)

Port

(in the

(in the Same VLAN)

Same
VLAN)

Input Port
Promiscuous

Unchanged

Unchanged

Unchanged

Port

A secondary VLAN ID is

A primary VLAN ID

A primary

added.

tag is added and the

VLAN ID tag

VLAN tag keeps

is added.

unchanged in the
non-PVLAN.
Isolated Port

Unchanged

NA

NA

NA

A primary VLAN ID

An isolated

tag is added and the

VLAN ID tag

VLAN tag keeps

is added.

unchanged in the
non-PVLAN.
Community Port

Unchanged

NA

Unchanged

A community VLAN ID

A primary VLAN ID

A

tag is added.

tag is added and the

community

VLAN tag keeps

VLAN ID tag

unchanged in the

is added.

non-PVLAN.
Switch CPU

Untag

Untag

Untag

A secondary VLAN ID tag

A primary VLAN ID

A primary

is added.

tag is added and the

VLAN ID tag

VLAN tag keeps

is added.

unchanged in the
non-PVLAN.
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30.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure a primary VLAN and secondary VLANs.
private-vlan {community | isolated | primary}

Configures the PVLAN type.

(Mandatory) It is used to configure Layer-2 association between a primary VLAN and secondary
VLANs of PVLAN to form PVLAN pairs.
private-vlan association {svlist | add svlist |

ConfiguresLayer-2associationbetweenaprimary

remove svlist}

VLANandsecondaryVLANstoformPVLANpairs.

(Optional) It is used to allocate users to an isolated VLAN or community VLAN.
switchport mode private-vlan host

Configures a PVLAN host port.

switchport private-vlan host-association p_vid Associates Layer-2 ports with PVLAN and allocates
ports to subdomains.

s_vid

(Optional) It is used to configure a port as a promiscuous port.
Configuring Basic Functions of

Switchport mode private-vlan promiscuous

Configures a PVLAN promiscuous port.
ConfigurestheprimaryVLAN towhichaPVLAN

PVLAN
switchport private-vlan mapping p_vid { svlist |
add svlist | remove svlist }

promiscuousport belongsandalistof secondary
VLANs. PVLAN packets can be transmitted or
received through this port only after the
configuration is performed.

(Optional) It is used to configure Layer-3 communication for users in a secondary VLAN.
Configures the SVI of the primary VLAN and
configures Layer-3 association between the
private-vlan mapping { svlist | add svlist | remove
svlist }

primary VLAN and secondary VLANs after PVLAN
is created and Layer-2 association is performed.
Users in a SubVLAN can make Layer-3
communication through the SVI of the primary
VLAN.

30.4.1 ConfiguringBasicFunctionsofPVLAN

Configuration Effect



Enable PVLAN subdomains to form to implement isolation between enterprises and between enterprise users.



Implement Layer-3 mapping between multiple secondary VLANs and the primary VLAN so that and multiple VLANs uses the
same IP gateway, thereby helping save IP addresses.

Notes



After a primary VLAN and a secondary VLAN are configured, a PVLAN subdomain exist only after Layer-2 association is
performed between them.



A port connected to a use host must be configured as a specific PVLAN port so that the user host joins a subdomain to
implement the real user isolation.



The port connected to the external network and the port connected to a server must be configured as promiscuous ports so
that upstream and downstream packets are forwarded normally.
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Users in a secondary VLAN can make Layer-3 communication through the SVI of the primary VLAN only after Layer-3 mapping is
performed between the secondary VLAN and the primary VLAN.

Configuration Steps



Configuring PVLAN



Mandatory.



A primary VLAN and a secondary VLAN must be configured. The two types of VLANs cannot exist independently.



Runtheprivate-vlan{community|isolated|primary}commandtoconfigureaVLANastheprimaryVLANofPVLANand
other VLANs as secondary VLANs.

Command
Parameter
Description

private-vlan { community | isolated | primary }
community: Specifies that the VLAN type is community VLAN.
isolated: Specifies that the VLAN type is isolated VLAN.
primary: Specifies that the VLAN type is the primary VLAN of a PVLAN pair.

Defaults

VLANs are common VLANs and do not have the attributes of PVLAN.

Command

VLAN mode

Mode
Usage Guide

This command is used to specify the primary VLAN and secondary VLANs of PVLAN.



Configuring Layer-2 Association of PVLAN



Mandatory.



PVLAN subdomains form, and isolated ports, community ports, and Layer-3 association can be configured only after Layer-2
association is performed between the primary VLAN and secondary VLANs of PVLAN.



By default, after various PVLANs are configured, the primary VLANs and secondary VLANs are independent of each other. A
primary VLAN has a secondary VLAN and a secondary VLAN has a primary VLAN only after Layer-2 association is performed.



Run the private-vlan association { svlist | add svlist | remove svlist } command to configure or cancel the Layer-2 association
betweentheprimaryVLANandsecondaryVLANsofPVLAN.APVLANsubdomainformsonlyafterLayer-2associationis
configured,. The PVLAN subdomain does not exist after Layer-2 association is cancelled. If Layer-2 association is not performed,
when isolated ports and promiscuous ports are used to configure associated PVLAN pairs, the configuration will fail or the
association between ports and VLANs will be cancelled.

Command

private-vlan association { svlist | add svlist | remove svlist }

Parameter

svlist: Specifies the list of secondary VLANs to be associated or disassociated.

Description

add svlist: Adds the secondary VLANs to be associated.
remove svlist: Cancels the association between svlist and the primary VLAN.

Defaults

By default, the primary VLAN and secondary VLANs are not associated.

Command

Primary VLAN mode of PVLAN

Mode
Usage Guide

This command is used to configure Layer-2 association between a primary VLAN and secondary VLANs to form PVLAN
pairs.
Each primary VLAN can be associated with only one isolated VLAN but can be associated with multiple community
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VLANs.



Configuring Layer-3 Association of PVLAN



If users in a secondary VLAN domain needs to make Layer-3 communication, configure a Layer-3 interface SVI for the primary
VLAN and then configure Layer-3 association between the primary VLAN and secondary VLANs on the SVI.



By default, SVIs can be configured only in a primary VLAN. Secondary VLANs do not support Layer-3 communication.



If users in a secondary VLAN of PVLAN need to make Layer-3 communication, the SVI of the primary VLAN needs to be used to
transmit and receivepackets.



Run theprivate-vlan mapping { svlist |add svlist | remove svlist} command toconfigure or cancel the Layer-3 association
between the primary VLAN and secondary VLANs of PVLAN. Users in a secondary VLAN can make Layer-3 communication with
the external network only after Layer-3 association is configured. After Layer-3 association is cancelled, users in a secondary
VLAN cannot make Layer-3 communication.

Command

private-vlan mapping { svlist | add svlist | remove svlist }

Parameter

svlist: Indicates the list of secondary VLANs, for which Layer-3 mapping needs to be configured.

Description

add svlist: Adds the secondary VLANs to be associated with a Layer-3 interface.
remove svlist: Cancels the secondary VLANs associated with a Layer-3 interface.

Defaults

By default, the primary VLAN and secondary VLANs are not associated.

Command

Interface configuration mode of the primary VLAN

Mode
Usage Guide

ALayer-3SVImustbeconfiguredfortheprimaryVLANfirst.
Layer-3 interfaces can be configured only in a primary VLAN.
Layer-2 association must be performed between associated secondary VLANs and the primary VLAN.



Configuring Isolated Ports and Community Ports



After the primary VLAN and secondary VLANs of PVLAN as well as Layer-2 association are configured, allocate the device ports
connected to user hosts so as to specify the subdomains to which the user hosts belong.



If an enterprise has only one user host, set the port connected to the user host as an isolated port.



If an enterprise has multiple user hosts, set the ports connected to the user hosts as community ports.

Command

switchport mode private-vlan host
switchport private-vlan host-association p_vid s_vid

Parameter
Description

p_vid: Indicates the primary VLAN ID in a PVLAN pair.
s_vid: Indicates the secondary VLAN ID in a PVLAN pair. The port is an associated port if the VLAN is an isolated VLAN and
the port is a community port if the VLAN is a community VLAN.

Defaults

By default, the interface works in Access mode; no private VLAN pairs are associated.

Command

Both commands run in interface configuration mode.

Mode
Usage Guide

Boththe preceding commands needtobe configured. Beforea port isconfigured as an isolated port or promiscuous
port, and the port mode must be configured as the host port mode.
Whether a port is configured as an isolated port or community port depends on the s_vid parameter.
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p_vid and s_vid must be respectively the IDs of the primary VLAN and secondary VLAN in a PVLAN pair, on which Layer-2
association is performed.
One host port can be associated with only one PVLAN pair.



Configuring a Promiscuous Port



Accordingtothetable listingport packettransmission and receivingrules insection"Features",the singleport type ofPVLAN
cannot ensure symmetric forwarding of upstream and downstream packets. Ports for connecting tothe external networkor
server need to be configured as promiscuous ports to ensure that users can successfully access the external network or server.

Command

switchport mode private-vlan promiscuous
switchport private-vlan mapping p_vid{ svlist | add svlist | remove svlist }

Parameter
Description

p_vid: Indicates the primary VLAN ID in a PVLAN pair.
svlist: Indicates the secondary VLAN associated with a promiscuous port. Layer-2 association must be performed between
it and p_vid.
add svlist: Adds a secondary VLAN to be associated with a port.
remove svlist: Cancels the secondary VLAN associated with a port.

Defaults

By default, an interface works in Access mode; a promiscuous port is not associated with a secondary VLAN.

Command

Interface configuration mode

Mode
Usage Guide

The port mode must be configured as the promiscuous mode.
Ifa port isconfigured as a promiscuous port,it must be associated withPVLN pairs. Otherwise, theport cannot bear or
forward services.
One promiscuous port can be associated withmultiple PVLAN pairs within one primary VLAN but cannot be associated
with multiple primary VLANs.

Verification
MakeuserhostsconnectedtoPVLANportstransmitand receivepacketsasperPVLANport forwardingrulestoimplementisolation.
Configure Layer-3 association to make users in the primary VLAN and secondary VLANs of the same PVLAN to share the same gateway
IP address and make Layer-3 communication.
Configuration Example



Cross-Device Layer-2 Application of PVLAN
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Figure 9- 3

Configuration



Steps

Configure all enterprises to be in the same PVLAN (primary VLAN 99 in this example). All enterprise users share the
same Layer-3 interface through this VLAN to communicate with the external network.



Ifan enterprisehas multipleuser hosts,allocateeach enterprisetoadifferentcommunityVLAN (inthisexample,
allocate Enterprise A to Community VLAN 100) to implement user communication inside an enterprise and isolate
user communication between enterprises.



If an enterprise has only one user host, allocate such enterprises to the same isolated VLAN (in this example,
allocateEnterpriseBand EnterpriseCtoIsolatedVLAN101) toisolateusercommunication betweenenterprises.

A

SwitchA#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchA(config)#vlan 99
SwitchA(config-vlan)#private-vlan primary
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 100
SwitchA(config-vlan)#private-vlan community
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 101
SwitchA(config-vlan)#private-vlan isolated
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 99
SwitchA(config-vlan)#private-vlan association 100-101
SwitchA(config-vlan)#exit
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SwitchA(config)#interface range gigabitEthernet 0/2-3
SwitchA(config-if-range)#switchport mode private-vlan host
SwitchA(config-if-range)#switchport private-vlan host-association 99 100
SwitchA(config-if-range)#exit
SwitchA(config)#interface gigabitEthernet 0/4
SwitchA(config-if-GigabitEthernet 0/4)#switchport mode private-vlan host
SwitchA(config-if-GigabitEthernet 0/4)#switchport private-vlan host-association 99 101
B

SwitchB#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchB(config)#vlan 99
SwitchB(config-vlan)#private-vlan primary
SwitchB(config-vlan)#exit
SwitchB(config)#vlan 100
SwitchB(config-vlan)#private-vlan community
SwitchB(config-vlan)#exit
SwitchB(config)#vlan 101
SwitchB(config-vlan)#private-vlan isolated
SwitchB(config-vlan)#exit
SwitchB(config)#vlan 99
SwitchB(config-vlan)#private-vlan association 100-101
SwitchB(config-vlan)#exit
SwitchB(config)#interface gigabitEthernet 0/2
SwitchB(config-if-GigabitEthernet 0/2)#switchport mode private-vlan host
SwitchB(config-if-GigabitEthernet 0/2)# switchport private-vlan host-association 99 101
SwitchB(config-if-GigabitEthernet 0/2)#exit
SwitchB(config)#interface gigabitEthernet 0/3
SwitchB(config-if-GigabitEthernet 0/3)#switchport mode private-vlan host
SwitchB(config-if-GigabitEthernet 0/3)# switchport private-vlan host-association 99 100
SwitchB(config-if-GigabitEthernet 0/3)#exit

Verification

Check whetherVLANs and ports are correctlyconfigured, and checkwhether packet forwarding is correct according to
packet forwarding rules in section "Features".

A

SwitchA#show running-config
!
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vlan 99
private-vlan primary
private-vlan association add 100-101
!
vlan 100
private-vlan community
!
vlan 101
private-vlan isolated
!
interface GigabitEthernet 0/1
switchport mode private-vlan promiscuous
switchportprivate-vlanmapping99add100-101
!
interface GigabitEthernet 0/2
switchport modeprivate-vlan host
switchport private-vlan host-association 99 100
!
interface GigabitEthernet 0/3
switchport modeprivate-vlan host
switchport private-vlan host-association 99 100
!
interface GigabitEthernet 0/4
switchport modeprivate-vlan host
switchport private-vlan host-association 99 101
!
B

SwitchB#show running-config
!
vlan 99
private-vlan primary
private-vlan association add 100-101
!
vlan 100
private-vlan community
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!
vlan 101
private-vlan isolated
!
Common Errors



Layer-2 association is not performed between the primary VLAN and secondary VLANs of PVLAN, and a port VLAN list fails to be
added when isolated ports, promiscuous ports, and community ports are configured.



One host port fails to be associated with multiple PVLAN pairs.

Configuration Example



Layer-3 Application of PVLAN on a Single Device

Figure 9- 4

Configuration
Steps



ConfigurethePVLANfunctiononthedevice(SwitchAinthisexample).For detailsabout theconfiguration,see
configuration tips in "Cross-Device Layer-2 Application of PVLAN."



Set the port that is directly connected tothe server (Port Gi 0/7 in thisexample) as a promiscuous port.Then, all
enterprise users can communicate with the server through the promiscuous port.



Configure the gateway address of PVLAN on the Layer-3 device (Switch A in this example) (in this example, set the
SVI address of VLAN 2 to 192.168.1.1/24) and configure the Layer-3 interface mapping between the primary VLAN
(VLAN 2 in this example) and secondary VLANs (VLAN 10, VLAN 20, and VLAN 30 in this example). Then, all
enterprise users can communicate with the external network through the gateway address.

A

SwitchA#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchA(config)#vlan 2
SwitchA(config-vlan)#private-vlan primary
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SwitchA(config-vlan)#exit
SwitchA(config)#vlan 10
SwitchA(config-vlan)#private-vlan community
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 20
SwitchA(config-vlan)#private-vlan community
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 30
SwitchA(config-vlan)#private-vlan isolated
SwitchA(config-vlan)#exit
SwitchA(config)#vlan 2
SwitchA(config-vlan)#private-vlan association 10,20,30
SwitchA(config-vlan)#exit
SwitchA(config)#interface range gigabitEthernet 0/1-2
SwitchA(config-if-range)#switchport mode private-vlan host
SwitchA(config-if-range)#switchport private-vlan host-association 2 10
SwitchA(config-if-range)#exit
SwitchA(config)#interface range gigabitEthernet 0/3-4
SwitchA(config-if-range)#switchport mode private-vlan host
SwitchA(config-if-range)#switchport private-vlan host-association 2 20
SwitchA(config-if-range)#exit
SwitchA(config)#interface range gigabitEthernet 0/5-6
SwitchA(config-if-range)#switchport mode private-vlan host
SwitchA(config-if-range)#switchport private-vlan host-association 2 30
SwitchA(config-if-range)#exit
SwitchA(config)#interface gigabitEthernet 0/7
SwitchA(config-if-GigabitEthernet 0/7)#switchport mode private-vlan promiscuous
SwitchA(config-if-GigabitEthernet 0/7)#switchport private-vlan maping 2 10,20,30
SwitchA(config-if-GigabitEthernet 0/7)#exit
SwitchA(config)#interface vlan 2
SwitchA(config-if-VLAN 2)#ip address 192.168.1.1 255.255.255.0
SwitchA(config-if-VLAN 2)#private-vlan mapping 10,20,30
SwitchA(config-if-VLAN 2)#exit
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Verification

Ping the gateway address 192.168.1.1 from user hosts in different subdomains. The ping operation is successful.

A

SwitchA#show running-config
!
vlan 2
private-vlan primary
private-vlan association add 10,20,30
!
vlan 10
private-vlan community
!
vlan 20
private-vlan community
!
vlan 30
private-vlan isolated
!
interface GigabitEthernet 0/1
switchport modeprivate-vlan host
switchport private-vlan host-association 2 10
!
interface GigabitEthernet 0/2
switchport modeprivate-vlan host
switchport private-vlan host-association 2 10
!
interface GigabitEthernet 0/3
switchport modeprivate-vlan host
switchport private-vlan host-association 2 20
!
interface GigabitEthernet 0/4
switchport modeprivate-vlan host
switchport private-vlan host-association 2 20
!
interface GigabitEthernet 0/5
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switchport mode private-vlan host
switchport private-vlan host-association 2 30
!
interface GigabitEthernet 0/6
switchport mode private-vlan host
switchport private-vlan host-association 2 30
!
interface GigabitEthernet 0/7
switchport mode private-vlan promiscuous
switchport private-vlan mapping 2 add 10,20,30
!
interfaceVLAN 2
noip proxy-arp
ip address 192.168.1.1 255.255.255.0
private-vlanmapping add 10,20,30
!
SwitchA#show vlan private-vlan
VLAN Type

Status

Routed

Ports Associated VLANs

------------------------------ -----------------2

primary

active

10

community active

Enabled Gi0/1, Gi0/2

2

20

community active

Enabled Gi0/3, Gi0/4

2

30

isolated

active

Enabled Gi0/7

Enabled Gi0/5, Gi0/6

10,20,30

2



Common Errors



No Layer-2 association is performed on the primary VLAN and secondary VLANs of PVLAN and the Layer-3 association fails to be
configured.



ThedeviceisconnectedtotheexternalnetworkbeforeLayer-3associationisconfigured.Asaresult,thedevicecannot
communicate with the external network.



Theinterfacesforconnectingtotheserverand theexternalnetworkarenot configuredaspromiscuousinterfaces,whichresults
in asymmetric forwarding of upstream and downstream packets.

30.5 Monitoring
Displaying
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Description

Command

Displays PVLAN configuration.

show vlan private-vlan

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs PVLAN.

debug bridge pvlan

31 Configuring MSTP
31.1 Overview
Spanning Tree Protocol (STP) is a Layer-2 management protocol. It cannot only selectively block redundant links to eliminate Layer-2
loops but also can back up links.
Similar to many protocols, STP is continuously updated from Rapid Spanning Tree Protocol (RSTP) to Multiple Spanning Tree Protocol
(MSTP) as the network develops.
For theLayer-2Ethernet, only one activelink canexist between twolocal area networks(LANs).Otherwise, a broadcaststormwill
occur.Toenhance the reliability of a LAN, it is necessary to establish a redundant link and keep some paths in backup state. If the
network is faulty and a link fails, you must switch the redundant link tothe active state. STP can automatically activate the redundant
link without any manual operations. STP enables devices on a LAN to:



Discover and start the best tree topology on the LAN.



Troubleshoot a fault and automatically update the network topology so that the possible best tree topology is always selected.

TheLANtopologyisautomaticallycalculatedbasedonasetof bridgeparametersconfiguredbytheadministrator.The besttopology
tree can be obtained by properly configuring these parameters.
RSTPiscompletelycompatiblewith802.1DSTP.SimilartotraditionalSTP,RSTPprovidesloop-freeand redundancyservices.Itis
characterizedbyrapidspeed. IfallbridgesinaLANsupportRSTPandareproperlyconfiguredbytheadministrator,ittakeslessthan1
second (about 50 seconds if traditional STP is used) to re-generate a topology tree after the network topology changes.
STP and RSTP have the following defects:



STP migration is slow. Even on point-to-point links or edge ports, it still takes two times of the forward delay for ports to switch
to the forwarding state.



RSTP can rapidly conveFSe but has the same defect with STP: Since all VLANs in a LAN share the same spanning tree, packets
of all VLANs are forwarded along this spanning tree. Therefore, redundant links cannot be blocked according to specific VLANs
and data traffic cannot be balanced among VLANs.

MSTP,defined by the IEEE in 802.1s, resolves defects of STP and RSTP.It cannot only rapidly conveFSe but also can enable traffic of
differentVLANs tobe forwardedalongrespectivepaths,thereby providingabetterloadbalancingmechanismforredundant links.
In general, STP/RSTP works based on ports while MSTP works based on instances. An instance is a set of multiple VLANs. Binding
multiple VLANs to one instance can reduce the communication overhead and resource utilization.
FS devices support STP, RSTP, and MSTP, and comply with IEEE 802.1D, IEEE 802.1w, and IEEE 802.1s.
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Protocols and Standards



IEEE 802.1D: Media Access Control (MAC) Bridges



IEEE 802.1w: Part 3: Media Access Control (MAC) Bridges—Amendment 2: Rapid Reconfiguration



IEEE 802.1s: Virtual Bridged Local Area Networks—Amendment 3: Multiple Spanning Trees

31.2 Applications
Application

Description

MSTP+VRRP Dual-Core Topology

Withahierarchicalnetworkarchitecturemodel,theMSTP+VRRPmodeisusedtoimplement
redundancy and load balancing to improve system availability of the network.

BPDU Tunnel

In QinQ network environment, Bridge Protocol Data Unit (BPDU) Tunnel is used to
implement tunnel-based transparent transmission of STP packets.

31.2.1 MSTP+VRRP Dual-Core Topology

Scenario
Thetypical applicationof MSTP istheMSTP+VRRPdual-coresolution.This solutionisanexcellent solutiontoimprovesystem
availability of the network. Using a hierarchical network architecture model, it is generally divided into three layers (core layer,
conveFSence layer, and access layer) or two layers (core layer and access layer). They form the core network system to provide data
exchange service.
Themainadvantageofthisarchitectureisitshierarchicalstructure.Inthehierarchicalnetworkarchitecture,allcapacityindicators,
characteristics,andfunctionsofnetworkdevicesateachlayerareoptimizedbasedontheirnetworklocationsandroles,enhancing
their stability andavailability.
Figure 10- 1 MSTP+VRRP Dual-Core Topology

Remarks

The topology is divided into two layers: core layer (Devices A and B) and access layer (Devices C and D).

Deployment
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Core layer: Multiple MSTP instances are configured to realize load balancing. For example, two instances are created: Instance 1
and Instance 2. Instance 1 maps VLAN 10 while Instance 2 maps VLAN 20. Device A is the root bridge of Instances 0 and 1
(Instance 0 is CIST, which exists by default). Device B is the root bridge of Instance 2.



Core layer: Devices A and B are the active VRRP devices respectively on VLAN 10 and VLAN 20.



Access layer: Configure the port directly connected to the terminal (PC or server) as a PortFast port, and enable BPDU guard to
prevent unauthorized users from accessing illegal devices.

31.2.2 BPDUTunnel

Scenario
The QinQnetwork isgenerally divided into twoparts:customer networkand serviceprovider (SP)network.Youcan enable BPDU
Tunnel to calculate STP packets of the customer network independently of the SP network, thereby preventing STP packets between
the customer network from affecting the SP network.
Figure 10- 2 BPDU Tunnel Topology

Remarks

As shown in the above figure, the upper part isthe SP network and the lower part is the customer network.The SP network
consistsoftwoprovideredges(PEs):ProviderS1andProviderS2.CustomerNetworkA1andCustomerNetworkA2area
user'stwositesindifferentregions. Customer S1and CustomerS2, accessdevicesfromthecustomernetworktotheSP
network, access the SP network respectively through Provider S1 and Provider S2.
Using BPDU Tunnel, Customer Network A1 and Customer Network A2 in different regions can perform unified spanning
tree calculation across the SP network, not affecting the spanning tree calculation of the SP network.

Deployment



Enable basic QinQ on the PEs (Provider S1/Provider S2 in this example) so that data packets of the customer network are
transmitted within the specified VLAN on the SP network.



Enable STP transparent transmission on the PEs (Provider S1/Provider S2 in this example) so that the SP network can transmit
STP packets of the customer network through BPDU Tunnel.
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31.3 Features
Basic Concepts



BPDU

To generate a stable tree topology network, the following conditions must be met:



Each bridge has a unique ID consisting of the bridge priority and MAC address.



The overhead of the path from the bridge to the root bridge is called root path cost.



A port ID consists of the port priority and port number.

Bridges exchange BPDU packets to obtain information required for establishing the best tree topology. These packets use the
multicast address 01-80-C2-00-00-00 (hexadecimal) as the destination address.
A BPDU consists of the following elements:



Root bridge ID assumed by the local bridge



Root path cost of the local bridge



Bridge ID (ID of the local bridge)



Message age (age of a packet)



Port ID (ID of the port sending this packet)



Forward-Delay Time, Hello Time, Max-Age Time are time parameters specified in the MSTP.



Other flags, such as flags indicating network topology changes and local port status.

If a bridge receives a BPDU witha higher priority (smaller bridge IDand lower root path cost) at a port, it saves the BPDU information
at this port and transmits the information to all other ports. If the bridge receives a BPDU with a lower priority, it discards the
information.
Suchamechanismallowsinformationwithhigherprioritiestobetransmittedacrosstheentirenetwork.BPDUexchangeresultsareas
follows:



A bridge is selected as the root bridge.



Except the root bridge, each bridge has a root port, that is, a port providing the shortest path to the root bridge.



Each bridge calculates the shortest path to the root bridge.



Each LAN has a designated bridge located in the shortest path between the LAN and the root bridge. A port designated to
connect the bridge and the LAN is called designated port.



The root port and designated port enter the forwarding status.



Bridge ID

AccordingtoIEEE802.1W,eachbridge has aunique ID.Thespanning treealgorithmselectsthe root bridgebased on the bridgeID.
The bridge ID consists of eight bytes, of which the last sixbytes are the MAC address of the bridge. In its first two bytes (as listed in the
following table), the first four bits indicate the priority; the last eight bits indicate the system ID for use in extended protocol. In RSTP,
the system ID is 0. Therefore, the bridge priority should be a integral multiple of 4,096.

Priority value
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System ID



15

16,384

14

8,192

13

4,096

12

2,048

11

1,024

10

512

9

256

8

128

7

64

6

32

5

16

4

8

3

4

2

2

1

1

Spanning-Tree Timers

The following three timers affect the performance of the entire spanning tree:



Hello timer: Interval for periodically sending a BPDU packet.



Forward-Delay timer: Interval for changing the port status, that is, interval for a port to change from the listening state to the
learning state or from the learning state to the forwarding state when RSTP runs in STP-compatible mode.



Max-Age timer: The longest time-to-live (TTL) of a BPDU packet. When this timer elapses, the packet is discarded.



Port Roles and Port States

Each port plays a role on a network to reflect different functions in the network topology.



Root port: Port providing the shortest path to the root bridge.



Designated port: Port used by each LAN to connect the root bridge.



Alternate port: Alternative port of the root port. Once the root port loses effect, the alternate port immediately changes to the
root port.



Backup port: Backup port of the designated port. When a bridge has two ports connected to a LAN, the port with the higher
priority is the designated port while the port with the lower priority is the backup port.



Disabled port: Inactive port. All ports with the operation state being down play this role.

The following figures show the roles of different ports:
R = Root port

D = Designated port

A = Alternate port

B = Backup port

Unless otherwise specified, port priorities decrease from left to right.
Figure 10- 3
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Figure 10- 4

Figure 10- 5

Each port has three states indicating whether to forward data packets so as to control the entire spanning tree topology.



Discarding: Neither forwards received packets nor learns the source MAC address.



Learning: Does not forward received packets but learns the source MAC address, which is a transitive state.



Forwarding: Forwards received packets and learns the source MAC address.

For a stable network topology, only the root port and designated port can enter the forwarding state while other ports are always in
discarding state.



Hop Count

Internal spanning trees (ISTs) and multiple spanning tree instances (MSTIs) calculate whether the BPDU packet time expires based on
an IP TTL-alike mechanism Hop Count, instead of Message Age and Max Age.
It is recommended to run the spanning-tree max-hops command in global configuration mode to configure the hop count. In a
region, everytimea BPDU packet passesthrough adevicefromtheroot bridge, thehop count decreasesby 1.When thehop count
becomes 0, the BPDU packet time expires and the device discards the packet.
To be compatible with STP and RSTP outside the region, MSTP also retains the Message Age and Max Age mechanisms.
Overview
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Feature

Description

STP

STP, defined by the IEEE in 802.1D, is used to eliminate physical loops at the data link layer in a LAN.

RSTP

RSTP,defined by the IEEEin 802.1w,is optimized based on STP torapidly conveFSe the network topology.

MSTP

MSTP,defined by the IEEE in 802.1s,resolves defects of STP,RSTP,and Per-VLAN Spanning Tree (PVST). It
cannot only rapidly conveFSe but also can forward traffic of different VLANs along respective paths, thereby
providing a better load balancing mechanism for redundant links.

MSTP Optical

MSTP includes the following features: PortFast, BPDU guard, BPDU filter, TC protection, TC guard, TC filter,

Features

BPDU check based on the source MAC address, BPDU filter based on the illegal length, Auto Edge, root guard,
and loop guard.

31.3.1 STP

STP is used to prevent broadcast storms incurred by loops and provide link redundancy.
Working Principle
For theLayer-2Ethernet, only one activelink can existbetween two LANs. Otherwise,a broadcast storm willoccur.Toenhance the
reliability of a LAN, it is necessary toestablish a redundant link and keep some paths in backup state. If the network is faulty and a link
fails, you must switch the redundant link to the active state. STP can automatically activate the redundant link without any manual
operations. STP enables devices on a LAN to:



Discover and start the best tree topology on the LAN.



Troubleshoot a fault and automatically update the network topology so that the possible best tree topology is always selected.

TheLANtopologyisautomaticallycalculatedbasedonasetof bridgeparametersconfiguredbytheadministrator.The besttopology
tree can be obtained by properly configuring these parameters.
Related Configuration



Enabling spanning-tree



By default, the spanning-tree function is disabled.



Run the spanning-tree [ forward-time seconds | hello-time seconds | max-age seconds ] command to enable STP and configure
basic attributes.



The forward-time ranges from 4 to 30. The hello-time ranges from 1 to 10. The max-age ranges from 6 to 40.
Running the clear commands may lose vital information and thus interrupt services. The value ranges of forward-time,
hello-time,and max-age arerelated. If one of them ismodified, the other tworanges are affected. The threevalues must meet
thefollowing condition: 2 x(HelloTime + 1second) <= Max-AgeTime<= 2x (Forward-DelayTime–1 second).Otherwise, the
configuration will fail.

31.3.2 RSTP

RSTPiscompletelycompatiblewith802.1DSTP.SimilartotraditionalSTP,RSTPprovidesloop-freeand redundancyservices.Itis
characterizedbyrapidspeed. IfallbridgesinaLANsupportRSTPandareproperlyconfiguredbytheadministrator,ittakeslessthan1
second (about 50 seconds if traditional STP is used) to re-generate a topology tree after the network topology changes.
Working Principle
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Fast RSTP ConveFSence

RSTP has a special feature, that is, to make ports quickly enter the forwarding state.
STPenablesaporttoentertheforwardingstate30seconds(twotimesoftheForward-DelayTime;theForward-DelayTimecanbe
configured, with a default value of 15 seconds) after selecting a port role. Every time the topology changes, the root port and
designatedportreselectedbyeachbridgeentertheforwardingstate30secondslater.Therefore,ittakesabout50secondsforthe
entire network topology to become a tree.
RSTP differs greatly from STP in the forwarding process. As shown in Figure 10- 6, Switch A sends an RSTP Proposal packet to Switch B.
If Switch B finds the priority of Switch A higher, it selects Switch A as the root bridge and the port receiving the packet as the root port,
enters the forwarding state, and then sends an Agree packet from the root port to Switch A. If the designated port of Switch A is
agreed, the port enters the forwarding state. Switch B's designated port resends a Proposal packet to extend the spanning tree by
sequence.Theoretically, RSTP can recover the network tree topology to rapidly conveFSe once the network topology changes.
Figure 10- 6

The above handshake process is implemented only when the connection between ports is in point-to-point mode. Togive the
devices their full play, it is recommended not to enable point-to-point connection between devices.
Figure 10- 7 and Figure 10- 8 show the examples of non point-to-point connection.
Example of non point-to-point connection:
Figure 10- 7
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Figure 10- 8

Figure10-9showsan exampleof point-to-point connection.
Figure 10- 9



Compatibility Between RSTP and STP

RSTP is completely compatible with STP.RSTP automatically checks whether the connected bridge supports STP or RSTP based on the
received BPDU version number. If the port connects to an STP bridge, the port enters the forwarding state 30 seconds later, which
cannot give RSTP its full play.
Another problem may occur when RSTP and STP are used together. As shown in the following figures, Switch A (RSTP) connects to
Switch B (STP). If Switch A finds itself connected to an STP bridge, it sends an STP BPDU packet. However, if Switch B is replaced with
Switch C (RSTP) but Switch A still sends STP BPDU packets, Switch C will assume itself connected to the STP bridge. As a result, two
RSTP devices work under STP, greatly reducing the efficiency.
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RSTP provides the protocol migration feature to forcibly send RSTP BPDU packets (the peer bridge must support RSTP). In this case,
Switch A is enforced to send an RSTP BPDU and Switch C then finds itself connected to the RSTP bridge. As a result, two RSTP devices
work under RSTP, as shown in Figure 10- 11.
Figure 10- 10

Figure 10- 11

Related Configuration



Configuring Protocol Migration



Run the clear spanning-tree detected-protocols [ interface interface-id ] command to enforce version check on a port. For
details, see "Compatibility Between RSTP and STP".

31.3.3 MSTP

MSTP resolves defects of STP and RSTP. It cannot only rapidly conveFSe but also can forward traffic of different VLANs along respective
paths, thereby providing a better load balancing mechanism for redundant links.
Working Principle
FS devices support MSTP.MSTP is a new spanning tree protocol developed from traditional STP and RSTP and includes the fast RSTP
forwarding mechanism.
Since traditional spanning tree protocols are irrelevant to VLANs, problems may occur in specific network topologies:
As shown in Figure 10- 12, Devices A and B are in VLAN 1 while Devices C and D are inVLAN 2, forming a loop.
Figure 10- 12
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If the link from Device A to Device B through Devices C and D costs less than the link from Device A direct to Device B, the link
betweenDeviceAandDeviceBentersthediscardingstate(asshowninFigure10-13).SinceDevicesCandDdonotincludeVLAN1
and cannot forward data packets of VLAN 1, VLAN 1 of Device A fails to communicate with VLAN 1 of Device B.
Figure 10- 13

MSTPisdevelopedtoresolvethisproblem. Itdividesone ormultipleVLANsof adeviceintoaninstance.Devicesconfiguredwiththe
sameinstanceformanMSTregion torunanindependent spanningtree(calledIST).ThisMSTregion,likeabigdevice,implements
the spanning tree algorithm with other MST regions to generate a complete spanning tree called common spanning tree (CST).
Basedon this algorithm, theabove network canformthetopology shown inFigure 10-14 under theMSTP algorithm:Devices Aand B
are inMSTP region 1 in whichno loop occurs,and therefore no link enters the discarding state.This alsoapplies toMSTP Region 2.
Region1 and Region 2, liketwobig devices havingloops, select alink toenter the discardingstatebased on relatedconfiguration.
Figure 10- 14

This prevents loops to ensure proper communication between devices in the same VLAN.



MSTP Region Division

TogiveMSTPitsdueplay,properlydivideMSTPregionsandconfigurethesameMSTconfigurationinformationfordevicesinthe
same MSTP region.
MST configuration information include:



MST configuration name: Consists of at most 32 bytes to identify an MSTP region.
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MST Revision Number: Consists of 16 bits to identify an MSTP region.



MSTinstance-VLANmapping table: Amaximum number of 64 instances (withtheir IDsranging from1 to64) are createdfor
each device and Instance 0 exists mandatorily. Therefore, the system supports a maximum number of 65 instances. Users can
assign 1 to 4,994 VLANs belonging to different instances (ranging from 0 to 64) as required. Unassigned VLANs belong to
Instance0bydefault.Inthiscase,eachMSTIisaVLANgroupandimplementsthespanningtreealgorithmoftheMSTIspecified
in the BPDU packet, not affected by CIST and other MSTIs.

Run thespanning-treemst configuration command inglobal configuration modeto enter the MSTconfiguration mode to
configure the above information.
MSTP BPDUs carry the above information. If the BPDU received by a device carries the same MST configuration information with the
information on the device, it regards that the connected device belongs to the same MST region with itself.Otherwise, it regards the
connected device originated from another MST region.
It is recommended to configure the instance-VLAN mapping table after disabling MSTP. After the configuration, re-enable MSTP
to ensure stability and conveFSence of the network topology.

 IST (Spanning Tree in an MSTP Region)
AfterMSTP regions aredivided, eachregion selectsan independent root bridge for each instancebased on the corresponding
parameters such as bridge priority and port priority, assigns roles to each port on each device, and specifies whether the port isin
forwarding or discarding state in the instance based on the port role.
Through MSTP BPDU exchange, an IST is generated and each instance has their own spanning trees (MSTIs), in which the spanning
tree corresponding to Instance 0 and CST are uniformly called Common Instance Spanning Tree (CIST). That is, each instance provides
a single and loop-free network topology for their own VLAN groups.
As shown in Figure 100- 15, Devices A, B, and C form a loop in Region 1.
AsshowninFigure100-15,DeviceAhasthehighestpriorityintheCIST(Instance0)andthereby isselectedastheregionroot.Then
MSTPenables the linkbetween Aand C toenter the discarding statebased onother parameters.Therefore, fortheVLAN group of
Instance 0, only links from A to B and from B to C are available, interrupting the loop of this VLAN group.
Figure 100- 15
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AsshowninFigure 10-16, DeviceBhas thehighestpriorityintheMSTI1(Instance1) and therebyisselectedastheregionroot.Then
MSTP enables the link betweenB and C toenter the discarding statebased on other parameters.Therefore, for theVLAN group of
Instance 1, only links from A to B and from A to C are available, interrupting the loop of this VLAN group.
Figure 10- 16

AsshowninFigure10-17, DeviceChas thehighestpriorityintheMSTI 2(Instance2)and therebyisselectedastheregion root.Then
MSTP enables thelink between B and C toenter the discarding state based on other parameters.Therefore, for theVLAN group of
Instance 2, only links from B to C and from A to C are available, interrupting the loop of this VLAN group.
Figure 10- 17

Notethat MSTPdoes notcarewhichVLAN aport belongsto.Therefore,usersshouldconfigurethe pathcostand priorityof arelated
port based on the actual VLAN configuration to prevent MSTP from interrupting wrong loops.



CST (Spanning Tree Between MSTP Regions)

EachMSTP region is like a big devicefor theCST.Different MSTP regions forma bit network topology tree called CST.As shown in
Figure10-18, DeviceA, of whichthebridge IDisthesmallest,is selectedas theroot intheentire CSTand theCIST regional root inthis
region. In Region 2, since the root path cost from Device B to the CST root is lowest, Device B is selectedas the CIST regional root in
this region. For the same reason, Device C is selected as the CIST regional root.
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Figure 10- 18

The CIST regional root may not be the device of which the bridge ID is the smallest in the region but indicates the device of which the
root path cost from this region to the CST root is the smallest.
For the MSTI, the root port of the CIST regional root has a new role "master port".The master port acts as the outbound port of all
instances and is in forwarding state for all instances.Tomake the topology more stable, we suggest that the master port of each
region to the CST root be on the same device of the region if possible.



Compatibility Among MSTP, RSTP, and STP

Similarto RSTP,MSTP sends STP BPDUs to be compatiblewith STP.Fordetails,see"CompatibilityBetween RSTP and STP".
SinceRSTPprocessesMSTPBPDUsoftheCIST,MSTPdoesnotneedtosendRSTPBPDUstobecompatiblewithit.
Each STP or RSTP device is a single region and does not form the same region with any devices.
Related Configuration



Configuring STP



By default, the STP mode is MSTP mode.



Run spanning-tree mode [stp | rstp | mstp] to modify the STP mode.

31.3.4 MSTP Optional Features

MSTP optional features mainly include PortFast port, BPDU guard, BPDU filter, TC guard, and guard. The optional features are mainly
used to deploy MSTP configurations based on the network topology and application characteristics in the MSTP network.This
enhances the stability, robustness, and anti-attack capability of MSTP, meeting application requirements of MSTP in different customer
scenarios.
Working Principle
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PortFast

If a port of a device connects directly to the network terminal, this port is configured as a PortFast port to directly enter the forwarding
state. If the PortFast port is not configured, the port needs to wait for 30 seconds to enter the forwarding state. Figure 10- 19 shows
which ports of a device can be configured as PortFast ports.
Figure 10- 19

IfaPortFastportstillreceivesBPDUs,itsPortFastOperationalStateisDisabledandtheportenterstheforwardingstateaccordingto
the normal STPalgorithm.



BPDU Guard

BPDU guard can be enabled globally or enabled on an interface.
It is recommended to run the spanning-tree portfast bpduguard default command in global configuration mode to enable global
BPDU guard. If PortFast is enabled on a port or thisport is automaticallyidentified as an edge port, this port enters the error-disabled
state to indicate the configuration error immediately after receiving a BPDU. At the same time, the port is disabled, indicating that a
network device may be added by an unauthorized user to change the network topology.
Itisalsorecommended torunthe spanning-treebpduguard enable command ininterfaceconfiguration mode toenable BPDU
guard on a port (whether PortFast is enabled or not on the port). In this case, the port enters the error-disabled state immediately
after receivinga BPDU.



BPDU Filter

BPDU filter can be enabled globally or enabled on an interface.
It is recommended to run the spanning-tree portfast bpdufilter default command in global configuration mode to enable global
BPDU filter. In this case, the PortFast port neither receives nor sends BPDUs and therefore the host connecting directly to the PortFast
port receives no BPDUs. If the port changes its Port Fast Operational State to Disabled after receiving a BPDU, BPDU filter
automatically loses effect.
Itisalso recommended torun the spanning-tree bpdufilterenable command ininterface configuration mode toenable BPDU filter
on a port (whether PortFast is enabled or not on the port). In this case, the port neither receives nor sends BPDUs but directly enters
the forwarding state.



TC Protection
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TCBPDUs areBPDUpacketscarryingtheTC.Ifaswitchreceives suchpackets,it indicatesthenetworktopologychangesand the
switchwilldeletetheMACaddresstable.For Layer-3switchesinthiscase,theforwardingmoduleisre-enabledand theport statusin
the ARP entry changes. When a switch is attacked by foFSed TC BPDUs, it will frequently perform the above operations, causing heavy
load and affecting network stability. To prevent this problem, you can enable TC protection.
TCprotectioncanonlybe globallyenabledordisabled.Thisfunctionisdisabledbydefault.
WhenTCprotectionisenabled,theswitchdeletesTCBPDUswithinaspecifiedperiod(generally4seconds)afterreceivingthemand
monitors whether any TC BPDU packet is received during the period. If a device receives TC BPDU packets during this period, it deletes
them when the period expires. This can prevent the device from frequently deleting MAC address entries and ARP entries.



TC Guard

TC protection ensures less dynamic MAC addresses and ARP entries removed when a laFSe number of TC packets are generated on
thenetwork. However,adevicereceivingTCattackpacketsstillperformsmany removaloperationsandTCpacketscanbe spread,
affecting the entire network. Users can enableTC guard to prevent TC packets from spreading globally or on a port. If TC guard is
enabledgloballyorona port,aport receivingTCpacketsfilterstheseTCpacketsorTCpacketsgeneratedbyitselfsothatTCpackets
willnot be spreadtoother ports.This can effectively controlpossibleTC attacksinthe network toensurenetwork stability.Particularly
on Layer-3 devices, this function can effectively prevent the access-layer device from flapping and interrupting the core route.
If TC guard is used incorrectly, the communication between networks is interrupted.
It is recommended to enable this function only when illegal TC attack packets are received in the network.
If TC guard is enabled globally, no port spreads TC packets to others. This function can be enabled only on laptop access devices.
If TC guard is enabled on a port, the topology changes incurred and TC packets received on the port will not be spread to other
ports. This function can be enabled only on uplink ports, particularly on ports of the conveFSence core.



TC Filter

If TC guard is enabled on a port, the port does not forward TC packets received and generated by the port to other ports performing
spanning tree calculation on the device. When the status of a port changes (for example, from blocking to forwarding), the port
generates TC packets, indicating that the topology may have changed.
Inthiscase,sinceTCguardpreventsTCpacketsfromspreading,thedevicemaynotcleartheMACaddressesoftheportwhenthe
network topology changes, causing a data forwarding error.
To resolve this problem, TC filter is introduced. TC filter does not process TC packets received by ports but processes TC packets in case
of normal topology changes. If TC filter is enabled, the address removal problem will be avoided and the core route will not be
interrupted when ports not enabled with PortFast frequently go up or down, and the core routing entries can be updated in a timely
manner when the topology changes.
TC filter is disabled by default.



BPDU Source MAC Address Check

BPDU source MAC address check prevents BPDU packets from maliciously attacking switches and causing MSTP abnormal. When the
switchconnectedtoaportona point-to-pointlinkisdetermined, youcanenable BPDUsourceMACaddresschecktoreceiveBPDU
packetssentonly by the peer switchanddiscard all other BPDU packets, thereby preventingmaliciousattacks.Youcan enable the
BPDUsourceMACaddresscheckininterfaceconfigurationmode foraspecificport.Oneport canonlyfilteroneMACaddress.Ifyou
run the no bpdu src-mac-check command to disable BPDU source MAC address check on a port, the port receives all BPDU packets.



BPDU Filter
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If the Ethernet length of a BPDU exceeds 1,500, this BPDU will be discarded, preventing receipt of illegal BPDU packets.



Auto Edge

If the designated port of a device does not receive a BPDU from the downlink port within a specific period (3 seconds), the device
regards a network device connected to the designated port, configures the port as an edge port, and switches the port directly into
the forwarding state. The edge port will be automatically identified as a non-edge port after receiving a BPDU.
You can run the spanning-tree autoedge disabled command to disable Auto Edge.
This function is enabled by default.
If Auto Edge conflicts with the manually configured PortFast, the manual configuration prevails.
Since this function is used for rapid negotiation and forwarding between the designated port and the downlink port, STP does
not support this function. If the designated port is in forwarding state, the Auto Edge configuration does not take effect on this
port. It takes only when rapid negotiation is re-performed, for example, when the network cable is removed and plugged.
If BPDU filter has been enabled on a port, the port directly enters the forwarding state and is not automatically identified as an
edge port.
This function applies only to the designated port.



Root Guard

In the network design, the root bridge and backup root bridge are usually divided into the same region. Due to incorrect
configuration of maintenance personnel or malicious attacks in the network, the root bridge may receive configuration information
with a higher priority and thereby switches to the backup root bridge, causing incorrect changes in the network topology. Root guard
is to resolve this problem.
If root guard isenabled on a port, itsroles on all instances areenforced as the designated port. Once theport receives configuration
information with a higher priority, it enters the root-inconsistent (blocking) state. If the port does not receive configuration
information with a higher priority within a period, it returns to its original state.
If a port enters the blocking state due to root guard, you can manually restore the port to the normal state by disabling root guard on
this port or disabling spanning tree guard (running spanning-tree guard none in interface configuration mode).
If root guard is used incorrectly, the network link will be interrupted.
If root guard is enabled on a non-designated port, this port will be enforced as a designated port and enter the BKN state.This
indicates that the port enters the blocking state due to root inconsistency.
If a port enters the BKN state due to receipt of configuration information with a higher priority in MST0, this port will be
enforced in the BKN state in all other instances.
Root guard and loop guard cannot take effect on a port at the same time.



Loop Guard

Due to the unidirectional link failure, the root port or backup port becomes the designated port and enters the forwarding state if it
does not receive BPDUs, causing a network loop. Loop guard is to prevent this problem.
Ifa port enabled withloop guarddoes not receive BPDUs, theport switchesitsrolebut stays indiscarding statetillitreceives BPDUs
and recalculates the spanning tree.
You can enable loop guard globally or on a port.
Root guard and loop guard cannot take effect on a port at the same time.
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Before MSTPisrestarted ona port, theport enters theblockingstateinloop guard. If theport still receivesno BPDU after MSTP
is restarted, the port will become a designated port and enter the forwarding state. Therefore, it is recommended to identify the
causewhy aport enters the blocking stateinloop protection and rectifythe fault as soonas possible before restartingMSTP.
Otherwise, the spanning tree topology will still become abnormal after MSTP is restarted.



BPDU Transparent Transmission

In IEEE 802.1Q, the destination MAC address 01-80-C2-00-00-00 of the BPDU is used as a reserved address.That is, devices compliant
with IEEE 802.1Q do not forward the BPDU packets received. However, devices may need to transparently transmit BPDU packets in
actual network deployment. For example, if STP is disabled on a device, the device needs to transparently transmit BPDU packets so
that the spanning tree between devices is properly calculated.
BPDU transparent transmission is disabled by default.
BPDU transparent transmission takes effect only when STP is disabled. If STP is enabled on a device, the device does not
transparently transmit BPDU packets.



BPDU Tunnel



TheQinQnetworkisgenerallydividedintotwoparts:customernetworkandSPnetwork.BeforeauserpacketenterstheSP
network,itisencapsulatedwiththeVLAN tagofan SPnetworkand alsoretainstheoriginalVLAN tagasdata. As aresult,the
packetcarriestwoVLANtagstopassthroughtheSPnetwork.IntheSPnetwork,packetsaretransmittedonlybased onthe
outer-layer VLAN tag. When packets leave the SP network, the outer-layer VLAN tag is removed.



The STP packet transparent transmission feature, namely BPDU Tunnel, can be used to realize the transmission of STP packets
between the customer network without any impact on the SP network. If an STP packet sent fromthe customer network enters
aPE, thePEchanges thedestinationMACaddressof thepackettoaprivateaddressbeforethepacket isforwardedby theSP
network. When the packet reaches the PE at the peer end, the PE changes the destination MAC address to a public address and
returns the packet to the customer network at the peer end, realizing transparent transmission across the SP network. In this
case, STP on the customer network is calculated independently of that on the SP network.

Related Configuration



Configuring PortFast



PortFast is disabled by default.



In global configuration mode, run the spanning-tree portfast default command to enable PortFast on all ports and the no
spanning-tree portfast default command to disable PortFast on all ports.



In interface configuration mode, run the spanning-tree portfast command to enable PortFast on a port and the
spanning-tree portfast disabled command to disable PortFast on a port.



Configuring BPDU Guard



BPDU guard is disabled by default.



Inglobalconfiguration mode, runthespanning-treeportfastbpduguarddefault command toenableBPDU guardon all
ports and the no spanning-tree portfast bpduguard default command to disable BPDU guard on all ports.



Ininterfaceconfigurationmode, run thespanning-treebpduguard enabledcommand toenable BPDU guardon aport and
the spanning-tree bpduguard disabled command to disable BPDU guard on a port.



Configuring BPDU Filter
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BPDU Filter is disabled by default.



In global configuration mode, run thespanning-tree portfast bpdufilter default command toenable BPDU filter on all ports
and the no spanning-tree portfast bpdufilter default command to disable BPDU filter on all ports.



In interface configuration mode, run the spanning-tree bpdufilter enabled command to enable BPDU filter on a port and the
spanning-tree bpdufilter disabled command to disable BPDU filter on a port.



Configuring TCProtection



TC protection is disabled by default.



In global configuration mode, run the spanning-tree tc-protection command to enableTC protection on all ports and the no
spanning-tree tc-protection command to disable TC protection on all ports.



TC protection can only be enabled or disabled globally.



Enabling TCGuard



TC guard is disabled by default.



In global configuration mode, run the spanning-tree tc-protection tc-guard command to enable TC guard on all ports and the
no spanning-tree tc-protection tc-guard command to disable TC guard on all ports.



In interfaceconfiguration mode, run the spanning-tree tc-guard command to enableTC guard on a port and the no
spanning-tree tc-guard command to disable TC guard on a port.



Configuring TC Filter



TC filter is disabled by default.



In interface configuration mode, run the spanning-tree ignore tc command to enableTC filter on a port and the no
spanning-tree ignore tc command to disable it on a port.



Enabling BPDU Source MAC Address Check



BPDU Source MAC Address Check is disabled by default.



In interface configuration mode, run the bpdu src-mac-check H.H.H command to enable BPDU source MAC address check on a
port and the no bpdu src-mac-check command to disable it on a port.



Configuring Auto Edge



Auto Edge is disabled by default.



In interface configuration mode, run the spanning-tree autoedge command to enable Auto Edge on a port and the
spanning-tree autoedge disabled command to disable it on a port.



Configuring Root Guard



Root Guard is disabled by default.



In interface configuration mode, run the spanning-tree guard root command to enable root guard on a port and the no
spanning-tree guard root command to disable it on a port.



Configuring Loop Guard



Loop Guard is disabled by default.
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In global configuration mode, run the spanning-tree loopguard default command to enable loop guard on all ports and the
no spanning-tree loopguard default command to disable it on all ports.



In interface configuration mode, run the spanning-tree guard loop command to enable loop guard on a port and the no
spanning-tree guard loop command to disable it on a port.



Configuring BPDU Transparent Transmission



BPDU Transparent Transmission is disabled by default.



Inglobalconfigurationmode,runthebridge-frameforwardingprotocolbpducommandtoenableBPDUtransparent
transmission and the no bridge-frame forwarding protocol bpdu command to disable it.



BPDU transparent transmission takes effect only when STP is disabled. If STP is enabled on a device, the device does not
transparently transmit BPDU packets.



Configuring BPDU Tunnel



BPDU Tunnel is disabled by default.



Inglobalconfiguration mode, runthel2protocol-tunnel stpcommand togloballyenable BPDUTunneland theno
l2protocol-tunnel stp command to globally disable it.



Ininterfaceconfiguration mode, run the l2protocol-tunnel stpenable command toenable BPDUTunnel on a port and theno
l2protocol-tunnel stp enable command to disable it on a port.



BPDU Tunnel takes effect only when it is enabled in both global configuration mode and interface configuration mode.

31.3.5 VSTP

Virtual Spanning Tree Protocol (VSTP) is used for loop prevention in the Multichassis Link Aggregation (M-LAG) scenario. VSTP
virtualizes the M-LAG enabled devices into one bridge device. And the bridge ID is automatically chosen by the M-LAG system.
Currently, VSTP only applies to the M-LAG network to meet the following requirements:
1.

Multiple-layer M-LAG interconnection;

2.

The M-LAG member devices to act as non-root bridges.

Working Principle
VSTP virtualizes two devices running the STP into one device.
STP is able to learn the negotiation status of the M-LAG active-standby devices. With VSTP enabled, after the M-LAG active-standby
negotiation is completed, the active and standby devices are virtualized to one device for port designation and conveFSence
calculation.
1.

STP synchronizes the bridge MAC address and instance priority of the M-LAG active and standby devices.

2.

M-LAG active-standby negotiation.

3.

Upon successful negotiation, the M-LG standby device uses the bridge MAC address and instance priority learned from the
M-LAG active device to perform the virtual STP calculation and packet transmission.
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31.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable STP.

Enabling STP

spanning-tree

Enables STP and configures basic attributes.

spanning-tree mode

Configures the STP mode.

(Optional) It is used to be compatible with competitor devices.
Configuring STP Compatibility

Configuring an MSTP Region

spanning-tree compatible enable

Enables the compatibility mode of a port.

clear spanning-tree detected-protocols

Performsmandatory versioncheckforBPDUs.

(Optional) It is used to configure an MSTP region.
spanning-tree mst configuration

Enabling Fast RSTP
ConveFSence

Enters the MST configuration mode.

(Optional) It is used to configure whether the link type of a port is point-to-point connection.
spanning-tree link-type

Configures the link type.

(Optional) It is used to configure the switch priority or port priority.
Configuring Priorities

spanning-tree priority

Configures the switch priority.

spanning-tree port-priority

Configures the port priority.

(Optional) It is used to configure the path cost of a port or the default path cost calculation
method.
Configuring the Port Path Cost

spanning-tree cost
spanning-tree pathcost method

Configuring the Maximum Hop
Count of a BPDU Packet

Configures the port path cost.
Configures the default path cost calculation
method.

(Optional) It is used to configure the maximum hop count of a BPDU packet.
spanning-tree max-hops

Configures the maximum hop count of a BPDU
packet.

(Optional) It is used to enable PortFast-related features.
Enabling PortFast-related
Features

spanning-tree portfast

Enables PortFast.

spanning-tree portfast bpduguard default

Enables BPDU guard on all ports.

spanning-tree bpduguard enabled

Enables BPDU guard on a port.

spanning-tree portfast bpdufilter default

Enables BPDU filter on all ports.

spanning-tree bpdufilter enabled

Enables BPDU filter on a port.

(Optional) It is used to enable TC-related features.
Enabling TC-related Features

Enabling BPDU Source MAC
Address Check
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spanning-tree tc-protection

Enables TC protection.

spanning-tree tc-protection tc-guard

Enables TC guard on all ports.

spanning-tree tc-guard

Enables TC guard on a port.

spanning-tree ignore tc

Enables TC filter on a port.

(Optional) It is used to enable BPDU source MAC address check.
bpdu src-mac-check

EnablesBPDUsourceMACaddresscheckona
port.
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Configuration

Description and Command
(Optional) It is used to configure Auto Edge.

Configuring Auto Edge
spanning-tree autoedge

Enables Auto Edge on a port. This function is
enabled by default.

(Optional) It is used to enable port guard features.
Enabling Guard-related

spanning-tree guard root

Enables root guard on a port.

Features

spanning-tree loopguard default

Enables loop guard on all ports.

spanning-tree guard loop

Enables loop guard on a port.

spanning-tree guard none

Disables the guard feature on a port.

Enabling BPDU Transparent
Transmission

(Optional) It is used to enable BPDU transparent transmission
bridge-frame forwarding protocol bpdu

Enables BPDU transparent transmission.

(Optional) It is used to enable BPDU Tunnel.
Enabling BPDU Tunnel

l2protocol-tunnel stp

Enables BPDU Tunnel globally.

l2protocol-tunnel stp enable

Enables BPDU Tunnel on a port.

l2protocol-tunnel stp tunnel-dmac
Enabling VSTP

Configures the transparent transmission
address of BPDU Tunnel.

(Optional) It is used to enable VSTP.
spanning-tree v-stp enable

Enables the VSTP function.

31.4.1 Enabling STP

Configuration Effect



Enable STP globally and configure the basic attributes.



Configure the STPmode.

Notes



STP is disabled by default. Once STP is enabled, the device starts to run STP.The device runs MSTP by default.



The default STP mode is MSTP mode.



STP and Transparent Interconnection of Lots of Links (TRILL) of the data center cannot be enabled at the same time.



STPtimer parameters takeeffect only when thedevice isselected as the root bridge of thespanning tree. That is,the timer
parameters of a non-root bridge should use the timer values of the root bridge.

Configuration Steps



Enabling STP



Mandatory.



Unless otherwise specified, enable STP on each device.



Run the spanning-tree [ forward-time seconds | hello-time seconds | max-age seconds ] command to enable STP and configure
basic attributes.
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Running the clear commands may lose vital information and thus interrupt services. The value ranges of forward-time,
hello-time,and max-age arerelated. If one of them ismodified, the other tworanges are affected. The threevalues must meet
thefollowing condition: 2 x(HelloTime + 1second) <= Max-AgeTime<= 2x (Forward-DelayTime–1 second).Otherwise, the
topology may become unstable.
Command

spanning-tree [ forward-time seconds | hello-time seconds | max-age seconds | tx-hold-count numbers]

Parameter

forward-time seconds: Indicates the interval when the port status changes. The value ranges from 4 to 30 seconds.

Description

The default value is 15 seconds.
hello-time seconds: Indicates the interval when a device sends a BPDU packet. The value ranges from 1 to 10
seconds. The default value is 2 seconds.
max-age second: Indicates the longest TTL of a BPDU packet. The value ranges from 6 to 40 seconds. The default
value is 20 seconds.
tx-hold-countnumbers:Indicates themaximum number of BPDUs sent per second.The value ranges from1 to10.
The default value is 3.

Defaults

STP is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

The value ranges of forward-time, hello-time, and max-age are related. If one of them ismodified, the other two
ranges are affected. The three values must meet the following condition:
2 x (Hello Time + 1 second) <= Max-Age Time <= 2 x (Forward-Delay Time – 1 second)
Otherwise, the topology may become unstable.



Configuring the STP Mode



Optional.



According to related 802.1 protocol standards, STP, RSTP, and MSTP are mutually compatible, without any configuration by the
administrator. However, some vendors' devices do not work according to 802.1 protocol standards, possibly causing
incompatibility.Therefore, FSprovidesa command fortheadministratortoswitchthe STP modeto alowerversion ifother
vendors' devices are incompatible with FS devices.



Run the spanning-tree mode [ stp | rstp | mstp ] command to modify the STP mode.

Command

spanning-tree mode [ stp | rstp | mstp ]

Parameter

stp: Spanning Tree Protocol (IEEE 802.1d)

Description

rstp: Rapid Spanning Tree Protocol (IEEE 802.1w)
mstp: Multiple Spanning Tree Protocol (IEEE 802.1s)

Defaults

The default value is mstp.

Command

Global configuration mode

Mode
Usage Guide

However,somevendors'devicesdonot workaccordingto802.1protocolstandards,possiblycausingincompatibility.
Ifother vendors'devices areincompatible withFSdevices,runthiscommand toswitchthe STPmode toa lower
version.

Verification



Display the configuration.

Related Commands
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Configuring STP

Command

spanning-tree [ forward-time seconds | hello-time seconds | max-age seconds | tx-hold-count numbers]

Parameter

forward-time seconds: Indicates the interval when the port status changes. The value ranges from 4 to 30 seconds.

Description

The default value is 15 seconds.
hello-time seconds: Indicates the interval when a device sends a BPDU packet. The value ranges from 1 to 10
seconds. The default value is 2 seconds.
max-age second: Indicates the longest TTL of a BPDU packet. The value ranges from 6 to 40 seconds. The default
value is 20 seconds.
tx-hold-countnumbers:Indicates themaximum number of BPDUs sent per second.The value ranges from1 to10.
The default value is 3.

Command

Global configuration mode

Mode
Usage Guide

The value ranges of forward-time, hello-time, and max-age are related. If one of them ismodified, the other two
ranges are affected. The three values must meet the following condition:
2 x (Hello Time + 1 second) <= Max-Age Time <= 2 x (Forward-Delay Time – 1 second)
Otherwise, the topology may become unstable and the configuration will fail.



Configuring the STP Mode

Command

spanning-tree mode [ stp | rstp | mstp ]

Parameter

stp: Spanning Tree Protocol (IEEE 802.1d)

Description

rstp: Rapid Spanning Tree Protocol (IEEE 802.1w)
mstp: Multiple Spanning Tree Protocol (IEEE 802.1s)

Command

Global configuration mode

Mode
Usage Guide

However, some vendors' devices do not work according to 802.1 protocol standards, possibly causing
incompatibility.Ifother vendors'devicesareincompatiblewithFSdevices,runthiscommand toswitchtheSTP
mode to a lower version.

Configuration Example



Enabling STP and Configuring Timer Parameters

Scenario
Figure 10- 20

Configuration



Enable STP and set the STP mode to STP on the devices.

Steps



Configure the timer parameters of root bridge DEV A as follows: Hello Time=4s, Max Age=25s, Forward
Delay=18s.
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DEV A

Step 1: Enable STP and set the STP mode to STP.
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#spanning-tree
FS(config)#spanning-tree mode stp
Step2:ConfigurethetimerparametersofrootbridgeDEVA.
FS(config)#spanning-tree hello-time4
FS(config)#spanning-tree max-age 25
FS(config)#spanning-tree forward-time 18

DEV B

Enable STP and setthe STP mode to STP.
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#spanning-tree
FS(config)#spanning-tree mode stp

Verification



Run the show spanning-tree summary command to display the spanning tree topology and protocol
configuration parameters.

DEV A

FS#show spanning-tree summary

Spanningtreeenabled protocolstp
Root ID

Priority

0

Address

00d0.f822.3344

this bridge is root
HelloTime

Bridge ID Priority

Interface

4 sec Forward Delay 18 sec Max Age 25 sec

0

Address

00d0.f822.3344

HelloTime

4 sec Forward Delay 18 sec Max Age 25 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ----------------

DEV B

www.fs.com

Gi0/2

Desg FWD 20000

128

False

P2p

Gi0/1

Desg FWD 20000

128

False

P2p

FS#showspanning-treesummary
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Spanning treeenabled protocol stp
Root ID

Priority

0

Address

00d0.f822.3344

this bridge is root
HelloTime

Bridge ID Priority

Interface

4 sec Forward Delay 18 sec Max Age 25 sec

32768

Address

001a.a917.78cc

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role StsCost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

Altn BLK 20000

Gi0/1

Root FWD 20000

128
128

False
False

P2p Bound(STP)
P2p Bound(STP)

Common Errors
N/A
31.4.2 Configuring STP Compatibility

Configuration Effect



Enable the compatibility mode of a port to realize interconnection between FS devices and other SPs' devices.



Enable protocol migration to perform forcible version check to affect the compatibility between RSTP and STP.

Notes


If the compatibility mode is enabled on a port, this port will add different MSTI information into the to-be-sent BPDU based on
the current port to realize interconnection between FS devices and other SPs' devices.



When enabling compatibility on a port, ensure correct VLAN trimming information of the port. It is recommended to configure
consistent VLAN lists for ports at both ends of the link.

Configuration Steps



Enabling the Compatibility Mode on a Port



Optional.



Configuring Protocol Migration



Optional.



If the peer device supports RSTP, you can enforce version check on the local device to force the two devices to run RSTP.
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Verification



Display the configuration.

Related Commands



Enabling the Compatibility Mode on a Port

Command

spanning-tree compatible enable

Parameter

N/A

Description
Defaults

The compatibility mode is disabled on a port by default.

Command

Interface configuration mode

Mode
Usage Guide

If the compatibility mode is enabled on a port, this port will add different MSTI information into the to-be-sent BPDU
based on the current port to realize interconnection between FS devices and other SPs' devices.



Enabling Protocol Migration

Command

clear spanning-tree detected-protocols [ interface interface-id ]

Parameter

interface interface-id: Indicates a port.

Description
Command

Privileged EXEC mode

Mode
Usage Guide

This command is used to enforce a port to send RSTP BPDU packets and perform forcible check on them.

Configuration Example



Enabling STPCompatibility

Scenario
Figure 10- 21

Configuration



Steps

20.


DEV A

ConfigureInstances1and2onDevicesAandB,andmapInstance1withVLAN10andInstance2withVLAN
Configure Gi0/1 and Gi0/2 to respectively belong toVLAN 10 and VLAN 20, and enable STP compatibility.

Step 1: Configure Instances 1 and 2, and map Instances 1 and 2 respectively with VLANs 10 and 20.
FS#configure terminal
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Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#spanning-tree mstconfiguration
FS(config-mst)#instance 1 vlan 10
FS(config-mst)#instance 2 vlan 20
Step2: Configure theVLAN theport belongs to,and enable STP compatibilityon theport.
FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#switchport access vlan 10
FS(config-if-GigabitEthernet 0/1)#spanning-tree compatible enable
FS(config-if-GigabitEthernet 0/1)#int gi 0/2
FS(config-if-GigabitEthernet 0/2)#switchport access vlan 20
FS(config-if-GigabitEthernet 0/2)#spanning-tree compatible enable
DEV B

Perform the same steps as DEV A.

Verification



Run the show spanning-tree summary command to check whether the spanning tree topology is correctly
calculated.

DEV A

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : 1-9, 11-19, 21-4094
Root ID

Priority

32768

Address

001a.a917.78cc

this bridge is root
HelloTime

Bridge ID Priority

Interface

2 sec Forward Delay 15 sec Max Age 20 sec

32768

Address

001a.a917.78cc

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

Desg FWD 20000

128

False

P2p

Gi0/1

Desg FWD 20000

128

False

P2p

MST 1 vlans map : 10
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Region Root Priority

32768

Address

001a.a917.78cc

this bridge is region root

Bridge ID Priority

32768

Address

Interface

001a.a917.78cc

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/1

Desg FWD 20000

128

False

P2p

MST 2 vlans map : 20
Region Root Priority

32768

Address

001a.a917.78cc

this bridge is region root

Bridge ID Priority

32768

Address

Interface

001a.a917.78cc

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2
DEV B

Desg FWD 20000

128

False

P2p

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : 1-9, 11-19, 21-4094
Root ID

Priority

32768

Address

001a.a917.78cc

this bridge is root
HelloTime

Bridge ID Priority

www.fs.com

2 sec Forward Delay 15 sec Max Age 20 sec

32768

Address

00d0.f822.3344

HelloTime

4 sec Forward Delay 18 sec Max Age 25 sec
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Interface

Role StsCost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

Altn BLK 20000

Gi0/1

Root FWD 20000

128

False

128

False

P2p
P2p

MST 1 vlans map : 10
RegionRoot Priority
Address

32768
001a.a917.78cc

this bridge is region root

Bridge ID Priority
Address

Interface

32768
00d0.f822.3344

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/1

Root FWD 20000

128

False

P2p

MST 2 vlans map : 20
RegionRoot Priority
Address

32768
001a.a917.78cc

this bridge is region root

Bridge ID Priority
Address

Interface

32768
00d0.f822.3344

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

Root FWD 20000

128

False

P2p

Common Errors
N/A
31.4.3 Configuring an MSTP Region

Configuration Effect
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Configure an MSTP region to adjust which devices belong to the same MSTP region and thereby affect the network topology.

Notes



To make multiple devices belong to the same MSTP region, configure the same name, revision number, and instance-VLAN
mapping table forthem.



You can configure VLANs for Instances 0 to 64, and then the remaining VLANs are automatically allocated to Instance 0. One
VLAN belongs to only one instance.



It is recommended to configure the instance-VLAN mapping table after disabling STP. After the configuration, re-enable MSTP
to ensure stability and conveFSence of the network topology.

Configuration Steps



Configuring an MSTP Region



Optional.



Configure an MSTP region when multiple devices need to belong to the same MSTP region.

Verification



Display the configuration.

Related Commands



Entering MSTP Region Configuration Mode



Optional.



Configure an MSTP region when multiple devices need to belong to the same MSTP region.



Run the spanning-tree mst configuration command to enter the MST configuration mode.



Run the instance instance-id vlan vlan-range command to configure the MSTI-VLAN mapping.



Run the name name command to configure the MST name.



Run the revision version command to configure the MST version number.

Command

spanning-tree mst configuration

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Run this command to enter the MST configuration mode.

Configuring Instance-VLAN Mapping

Command

instance instance-id vlan vlan-range

Parameter

instance-id: Indicates the MSTI ID, ranging from 0 to 64.

Description

vlan-range: Indicates the VLAN ID, ranging from 1 to 4,094.

Defaults

The default instance-VLAN mapping is that all VLANs are in Instance 0.

Command

MST configuration mode

Mode
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Usage Guide

ToaddaVLANgrouptoanMSTI,runthiscommand.
For example,
instance 1 vlan 2-200: Adds VLANs 2 to 200 to Instance 1.
instance 1 vlan 2,20,200: Adds VLANs 2, 20, and 200 to Instance 1.
You can use the no form of this command to remove VLANs from an instance. Removed VLANs are automatically
forwarded to Instance 0.



Configuring MST Version Name

Command

name name

Parameter

name: Indicates the MST name. It consists of a maximum of 32 bytes.

Description
Defaults

The default name is an empty character string.

Command

MST configuration mode

Mode
Usage Guide



N/A

Configuring MST Version Number

Command

revision version

Parameter

version: Indicates the MST revision number, ranging from 0 to 65,535.

Description
Defaults

The default revision number is 0.

Command

MST configuration mode

Mode
Usage Guide

N/A

Verification



Display the configuration.



Run the show spanning-tree mst configuration command to display the MSTP region configuration.

Configuration Example



Enabling MSTP to Achieve VLAN Load Balancing in the MSTP+VRRP Topology
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Scenario
Figure 10- 22

Configuration



Enable MSTP and create Instances 1 and 2 on Switches A, B, C, and D.

Steps



Configure Switch A as the root bridge of Instances 0 and 1 and Switch B as the root bridge of Instance 2.



Configure Switch A as the VRRP master device of VLANs 1 and 10 and Switch B as the VRRP master device of
VLAN 20.

A

Step 1: Configure VLANs 10 and 20, and configure ports as Trunk ports.
A(config)#vlan 10
A(config-vlan)#vlan 20
A(config-vlan)#exit
A(config)#int range gi 0/1-2
A(config-if-range)#switchport mode trunk
A(config-if-range)#int ag 1
A(config-if-AggregatePort 1)# switchport mode trunk

Step 2: Enable MSTP and create Instances 1 and 2.
A(config)#spanning-tree
A(config)# spanning-tree mst configuration
A(config-mst)#instance 1 vlan 10
A(config-mst)#instance 2 vlan 20
A(config-mst)#exit

Step3: Configure SwitchAastherootbridge of Instances0and 1.
A(config)#spanning-tree mst 0 priority 4096
A(config)#spanning-tree mst 1 priority 4096
A(config)#spanning-tree mst 2 priority 8192
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Step 4: Configure VRRP priorities to enable Switch A to act as the VRRP master device of VLAN 10, and configure the
virtual gateway IP address of VRRP.
A(config)#interface vlan 10
A(config-if-VLAN 10)ip address 192.168.10.2 255.255.255.0
A(config-if-VLAN 10) vrrp 1 priority 120
A(config-if-VLAN 10) vrrp 1 ip 192.168.10.1

Step5SettheVRRPprioritytothedefaultvalue100toenableSwitchAtoactastheVRRPbackupdeviceofVLAN20.
A(config)#interface vlan 20
A(config-if-VLAN 20)ip address 192.168.20.2 255.255.255.0
A(config-if-VLAN 20) vrrp 1 ip 192.168.20.1
B

Step 1: Configure VLANs 10 and 20, and configure ports as Trunk ports.
B(config)#vlan 10
B(config-vlan)#vlan 20
B(config-vlan)#exit
B(config)#int range gi 0/1-2
B(config-if-range)#switchport mode trunk
B(config-if-range)#int ag 1
B(config-if-AggregatePort 1)# switchport mode trunk

Step 2: Enable MSTP and create Instances 1 and 2.
B(config)#spanning-tree
B(config)# spanning-tree mst configuration
B(config-mst)#instance 1 vlan 10
B(config-mst)#instance 2 vlan 20
B(config-mst)#exit

Step3:Configure SwitchAas therootbridge ofInstance2.
B(config)#spanning-tree mst 0 priority 8192
B(config)#spanning-tree mst 1 priority 8192
B(config)#spanning-tree mst 2 priority 4096

Step 4: Configure the virtual gateway IP address of VRRP.
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B(config)#interface vlan 10
B(config-if-VLAN 10)ip address 192.168.10.3 255.255.255.0
B(config-if-VLAN 10) vrrp 1 ip 192.168.10.1

Step 5 Set the VRRP priority to 120 to enable Switch B to act as the VRRP backup device of VLAN 20.
B(config)#interface vlan 20
B(config-if-VLAN 20)vrrp 1 priority 120
B(config-if-VLAN 20)ip address 192.168.20.3 255.255.255.0
B(config-if-VLAN 20) vrrp 1 ip 192.168.20.1
C

Step 1: Configure VLANs 10 and 20, and configure ports as Trunk ports.
C(config)#vlan 10
C(config-vlan)#vlan 20
C(config-vlan)#exit
C(config)#int range gi 0/1-2
C(config-if-range)#switchport mode trunk

Step 2: Enable MSTP and create Instances 1 and 2.
C(config)#spanning-tree
C(config)# spanning-tree mst configuration
C(config-mst)#instance 1 vlan 10
C(config-mst)#instance 2 vlan 20
C(config-mst)#exit

Step 3: Configure the port connecting Device C directly to users as a PortFast port and enable BPDU guard.
C(config)#int gi 0/3
C(config-if-GigabitEthernet 0/3)#spanning-tree portfast
C(config-if-GigabitEthernet 0/3)#spanning-tree bpduguard enable
D

Perform the same steps as Device C.

Verification



Runtheshowspanning-treesummarycommandtocheckwhetherthespanningtreetopologyiscorrectly
calculated.


A
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Run the show vrrp brief command to check whether the VRRP master/backup devices are successfully created.

FS#show spanning-tree summary

355

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Spanning tree enabled protocol mstp
MST 0 vlans map : 1-9, 11-19, 21-4094
Root ID

Priority

4096

Address

00d0.f822.3344

this bridge is root
HelloTime

Bridge ID Priority

Interface

4 sec Forward Delay 18 sec Max Age 25 sec

4096

Address

00d0.f822.3344

HelloTime

4 sec Forward Delay 18 sec Max Age 25 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Ag1

Desg FWD 19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

MST 1 vlans map : 10
RegionRoot Priority
Address

4096
00d0.f822.3344

this bridge is region root

Bridge ID Priority
Address

Interface

4096
00d0.f822.3344

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Ag1

Desg FWD 19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

MST 2 vlans map : 20
RegionRoot Priority
Address
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this bridge is region root

Bridge ID Priority

8192

Address

Interface

00d0.f822.3344

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Ag1

B

RootFWD19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : 1-9, 11-19, 21-4094
Root ID

Priority

4096
00d0.f822.3344

Address

this bridge is root
HelloTime

Bridge ID Priority

Interface

4 sec Forward Delay 18 sec Max Age 25 sec

8192

Address

001a.a917.78cc

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Ag1

RootFWD19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

MST 1 vlans map : 10
Region Root Priority
Address

4096
00d0.f822.3344

this bridge is region root
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Bridge ID Priority

8192

Address

Interface

001a.a917.78cc

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------RootFWD19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

Ag1

MST 2 vlans map : 20
Region Root Priority

4096

Address

001a.a917.78cc

this bridge is region root

Bridge ID Priority

4096

Address

Interface

001a.a917.78cc

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Ag1

C

Desg FWD 19000

128

False

P2p

Gi0/1

Desg FWD 200000

128

False

P2p

Gi0/2

Desg FWD 200000

128

False

P2p

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : 1-9, 11-19, 21-4094
Root ID

Priority

4096

Address

00d0.f822.3344

this bridge is root
HelloTime

Bridge ID Priority

www.fs.com

4 sec Forward Delay 18 sec Max Age 25 sec

32768

Address

001a.a979.00ea

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec
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Interface

Role Sts Cost

Prio

Type OperEdge

---------------- ---- --- ---------- -------- ----- --------------Fa0/2

Altn BLK 200000

Fa0/1

Root FWD 200000

128

P2p

128

P2p

False
False

MST 1 vlans map : 10
Region Root Priority
Address

4096
00d0.f822.3344

this bridge is region root

Bridge ID Priority
Address

Interface

32768
001a.a979.00ea

Role Sts Cost

Prio

Type OperEdge

---------------- ---- --- ---------- -------- ----- --------------Fa0/2

Altn BLK 200000

Fa0/1

Root FWD 200000

128

P2p

128

P2p

False
False

MST 2 vlans map : 20
Region Root Priority
Address

4096
001a.a917.78cc

this bridge is region root

Bridge ID Priority
Address

Interface

32768
001a.a979.00ea

Role Sts Cost

Prio

Type OperEdge

---------------- ---- --- ---------- -------- ----- ---------------

D

Fa0/2

Root FWD 200000

Fa0/1

Altn BLK 200000

128
128

P2p
P2p

False
False

Omitted.

Common Errors



MST region configurations are inconsistent in the MSTP topology.
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VLANs are not created before you configure the mapping between the instance and VLAN.



A device runs STP or RSTP in the MSTP+VRRP topology, but calculates the spanning tree according to the algorithms of different
MST regions.

31.4.4 Enabling Fast RSTP ConveFSence

Configuration Effect



Configure the link type to make RSTP rapidly conveFSe.

Notes


If the link type of a port is point-to-point connection, RSTP can rapidly conveFSe. For details, see "Fast RSTP ConveFSence". If the
link type is not configured, the device automatically sets the link type based on the duplex mode of the port. If a port is in full
duplex mode, the device sets the link type to point-to-point. If a port is in half duplex mode, the device sets the link type to
shared. Youcan also forcibly configure the link type to determine whether the port connection is point-to-point connection.



The link type of a port is related to the rate and duplex mode. If the port is in half duplex mode, the link type is shared.

Configuration Steps



Configuring the Link Type



Optional.

Verification



Display the configuration.



Run the show spanning-tree [mst instance-id] interface interface-id command to display the spanning tree configuration of
the port.

Related Commands



Configuring the Link Type

Command

spanning-tree link-type [ point-to-point | shared ]

Parameter

point-to-point: Forcibly configures the link type of a port to be point-to-point.

Description

shared: Forcibly configures the link type of a port to be shared.

Defaults

If a port is in full duplex mode, the link type of the port is point-to-point. If a port is in half duplex mode, the link type
of the port is shared.

Command

Interface configuration mode

Mode
Usage Guide

If the link type of a port is point-to-point connection, RSTP can rapidly conveFSe. If the link type is not configured, the
device automatically sets the link type based on the duplex mode of the port.

Configuration Example



Enabling Fast RSTP ConveFSence

Configuration

Set the link type of a port to point-to-point.

Steps
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FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#spanning-tree link-type point-to-point
Verification



Run the show spanning-tree summary command to display the link type of the port.

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : ALL
Root ID

Priority

32768

Address

001a.a917.78cc

this bridge is root
HelloTime

Bridge ID Priority

Interface

2 sec Forward Delay 15 sec Max Age 20 sec

32768

Address

00d0.f822.3344

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/1

RootFWD20000

128

False

P2p

Common Errors
N/A
31.4.5 Configuring Priorities

Configuration Effect



Configure the switch priority to determine a device as the root of the entire network and to determine the topology of the
entire network.



Configure the port priority to determine which port enters the forwarding state.

Notes



It is recommended to set the priority of the core device higher (to a smaller value) to ensure stability of the entire network. You
canassigndifferentswitchprioritiestodifferentinstancessothateachinstancerunsanindependentSTPbasedontheassigned
priorities.Devicesindifferentregions usethe priorityonly of theCIST(Instance 0).As describedinbridgeID,theswitchpriority
has 16 optional values: 0, 4,096, 8,192, 12,288, 16,384, 20,480, 24,576, 28,672, 32,768, 36,864, 40,960, 45,056, 49,152, 53,248,
57,344, 61,440. They are integral multiples of 4,096. The default value is 32,768.
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If two ports are connected to a shared device, the device selects a port with a higher priority (smaller value) to enter the
forwarding state and a port with a lower priority (laFSer value) to enter the discarding state. If the two ports have the same
priority, the device selects the port with a smaller port ID to enter the forwarding state. Youcan assign different port priorities to
different instances on a port so that each instance runs an independent STP based on the assigned priorities.



Similartotheswitchpriority,theport priorityalsohas16optionalvalues:0,16,32,48,64, 80,96,112,128,144,160,176,192,
208, 224, 240. They are integral multiples of 16. The default value is 128.



The modified port priority takes effect only on the designated port.

Configuration Steps



Configuring the Switch Priority



Optional.



To change the root or topology of a network, configure the switch priority.



Configuring the Port Priority



Optional.



To change the preferred port entering the forwarding state, configure the port priority.

Verification



Display the configuration.



Run the show spanning-tree [mst instance-id] interface interface-id command to display the spanning tree configuration of
the port.

Related Commands



Configuring the Switch Priority

Command

spanning-tree [ mst instance-id ] priority priority

Parameter

mst instance-id: Indicates the instance ID, ranging from 0 to 64.

Description

priority priority: Indicates the switch priority. There are 16 optional values: 0, 4,096, 8,192, 12,288, 16,384, 20,480,
24,576, 28,672, 32,768, 36,864, 40,960, 45,056, 49,152, 53,248, 57,344, 61,440. They are integral multiples of 4,096.

Defaults

The default value of instance-id is 0 while that of priority is 32,768.

Command

Global configuration mode

Mode
Usage Guide

Configure the switch priority to determine a device as the root of the entire network and to determine the topology
of the entire network.



Configuring the Port Priority

Command

spanning-tree [ mst instance-id ] port-priority priority

Parameter

mst instance-id: Indicates the instance ID, ranging from 0 to 64.

Description

port-prioritypriority: Indicates theport priority.There are16 optional values: 0, 16, 32, 48, 64, 80, 96, 112,128, 144,
160, 176, 192, 208, 224, 240. They are integral multiples of 4,096.

Defaults

The default value of instance-id is 0.
The default value of priority is 128.

Command
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Mode
Usage Guide

If a loop occurs in a region, the port with a higher priority is preferred to enter the forwarding state. If two ports have
the same priority, the port with a smaller port ID is selected to enter the forwarding state.
Run this command to determine which port in the loop of a region enters the forwarding state.

Configuration Example



Configuring the Port Priority

Scenario
Figure 10- 23

Configuration
Steps
DEV A



Configure the bridge priority so that DEV A becomes the root bridge of the spanning tree.



Configure the priority of Gi0/2 on DEV A is 16 so that Gi0/2 on DEV B can be selected as the root port.

Step 1: Enable STP and configure the bridge priority.
FS(config)#spanning-tree
FS(config)#spanning-tree mst 0 priority 0
Step 2: Configure the priority of Gi 0/2.
FS(config)# int gi 0/2
FS(config-if-GigabitEthernet 0/2)#spanning-tree mst 0 port-priority 16

DEV B
Verification

FS(config)#spanning-tree



Runtheshowspanning-treesummarycommand todisplaythetopologycalculationresultof thespanning
tree.

DEV A

FS# FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : ALL
Root ID

Priority
Address

0
00d0.f822.3344

this bridge is root
HelloTime
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Bridge ID Priority

Interface

0

Address

00d0.f822.3344

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ----------------

DEV B

Gi0/2

Desg FWD 20000

16

False

P2p

Gi0/1

Desg FWD 20000

128

False

P2p

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : ALL
Root ID

Priority

0
00d0.f822.3344

Address

this bridge is root
HelloTime

Bridge ID Priority

Interface

2 sec Forward Delay 15 sec Max Age 20 sec

32768

Address

001a.a917.78cc

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

RootFWD20000

Gi0/1

AltnBLK20000

128
128

False
False

P2p
P2p

Common Errors
N/A
31.4.6 Configuring the Port Path Cost

Configuration Effect



Configure the path cost of a port to determine the forwarding state of the port and the topology of the entire network.



If the path cost of a port uses its default value, configure the path cost calculation method to affect the calculation result.

Notes
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A device selects a port as the root port if the path cost from this port to the root bridge is the lowest. Therefore, the port path
cost determines the root port of the local device. The default port path cost is automatically calculated based on the port rate
(MediaSpeed). A port witha higher ratewill have a low path cost. Sincethis method can calculate the most scientificpath cost,
do not change the path cost unless required. Youcan assign different path costs to different instances on a port so that each
instance runs an independent STP based on the assigned path costs.



If the port path cost uses the default value, the device automatically calculates the port path cost based on the port rate.
However, IEEE 802.1d-1998 and IEEE 802.1t define different path costs for the same link rate. The value is a short integer ranging
from 1 to 65,535 in 802.1d-1998 while is a long integer ranging from 1 to 200,000,000 in IEEE802.1t. The path cost of an
aggregate port (AP) has two solutions: 1. FS solution: Port Path Cost x 95%; 2. Solution recommended in standards:
20,000,000,000/Actual link bandwidth of the AP,in which Actual link bandwidth of the AP = Bandwidth of a member port x
Number of active member ports.The administrator must unify the path cost calculation method in the entire network. The
default standard is the private long integer standard.



The following table lists path costs automatically configured for different link rate in two solutions.

Port Rate
10M

100M

1000M

10000M



IEEE 802.1d

IEEE 802.1t

IEEE 802.1t

(short)

(long)

(long standard)

Common port

100

2000000

2000000

AP

95

1900000

2000000÷linkupcnt

Common port

19

200000

200000

AP

18

190000

200000÷linkupcnt

Common port

4

20000

20000

AP

3

19000

20000÷linkupcnt

Common port

2

2000

2000

AP

1

1900

20000÷linkupcnt

Port

FS's long integer standard is used by default. After the solution is changed to the path cost solution recommended by the
standards, the path cost of an AP changes with the number of member ports in UP state. If the port path cost changes, the
network topology also will change.



If an AP is static, linkupcnt in the table is the number of active member ports. If an AP is an LACP AP,linkupcnt in the table is the
number of member ports forwarding AP data. If no member port in the AP goes up, linkupcnt is 1. For details about AP and
LACP, see the Configuring AP.



The modified port path cost takes effect only on the Rx port.

Configuration Steps



Configuring the Port Path Cost



Optional.



To determine which port or path data packets prefer to pass through, configure the port path cost.



Configuring the Default Path Cost Calculation Method



Optional.



To change the path cost calculation method, configure the default path cost calculation method.

Verification
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Display the configuration.



Run the show spanning-tree [mst instance-id] interface interface-id command to display the spanning tree configuration of
the port.

Related Commands



Configuring the Port Path Cost

Command

spanning-tree [ mst instance-id ] cost cost

Parameter

mst instance-id: Indicates the instance ID, ranging from 0 to 64.

Description

cost cost: Indicates the path cost, ranging from 1 to 200,000,000.

Defaults

The default value of instance-id is 0.
Thedefaultvalue isautomaticallycalculatedbasedontheport rate.
1000 Mbps—20000
100 Mbps—200000
10 Mbps—2000000

Command

Interface configuration mode

Mode
Usage Guide



A laFSer value of cost indicates a higher path cost.

Configuring the Default Path Cost Calculation Method

Command

spanning-tree pathcost method { long [ standard ] | short }

Parameter

long: Uses the path cost specified in 802.1t.

Description

standard: Uses the cost calculated according to the standard.
short: Uses the path cost specified in 802.1d.

Defaults

The path cost specified in 802.1t is used by default.

Command

Global configuration mode

Mode
Usage Guide

If the port path cost uses the default value, the device automatically calculates the port path cost based on the port
rate.

Configuration Example



Configuring the Port Path Cost

Scenario
Figure 10- 24

Configuration
Steps
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DEV A

Configure the path cost of Gi 0/2 on DEV B is 1 so that Gi 0/2 can be selected as the root port.

FS(config)#spanning-tree
FS(config)#spanning-tree mst 0 priority 0

DEV B

FS(config)#spanning-tree
FS(config)# int gi 0/2
FS(config-if-GigabitEthernet 0/2)# spanning-tree cost 1

Verification



Runtheshowspanning-treesummarycommand todisplaythetopologycalculationresultof thespanning
tree.

DEV A

FS# FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : ALL
Root ID

Priority

0

Address

00d0.f822.3344

this bridge is root
HelloTime

Bridge ID Priority

Interface

2 sec Forward Delay 15 sec Max Age 20 sec

0

Address

00d0.f822.3344

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role Sts Cost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ----------------

DEV B

Gi0/2

Desg FWD 20000

128

False

P2p

Gi0/1

Desg FWD 20000

128

False

P2p

FS#show spanning-tree summary

Spanningtreeenabledprotocolmstp
MST 0 vlans map : ALL
Root ID

Priority
Address

0
00d0.f822.3344

this bridge is root
HelloTime
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Bridge ID Priority

Interface

32768

Address

001a.a917.78cc

HelloTime

2 sec Forward Delay 15 sec Max Age 20 sec

Role StsCost

Prio

OperEdge Type

---------------- ---- --- ---------- -------- -------- ---------------Gi0/2

Root FWD 1

Gi0/1

Altn BLK 20000

128
128

False
False

P2p
P2p

Common Errors



N/A

31.4.7 Configuring the Maximum Hop Count of a BPDU Packet

Configuration Effect



Configure the maximum hop count of a BPDU packet to change the BPDU TTL and thereby affect the network topology.

Notes



The default maximum hop count of a BPDU packet is 20. Generally, it is not recommended to change the default value.

Configuration Steps



Configuring the Maximum Hop Count



(Optional)Ifthenetworktopology issolaFSe thataBPDU packet exceedsthedefault 20 hops, itisrecommendedtochange the
maximum hop count.

Verification



Display the configuration.

Related Commands



Configuring the Maximum Hop Count

Command

spanning-tree max-hops hop-count

Parameter

hop-count: Indicates the number of devices a BPDU passes through before being discarded. It ranges from 1to 40.

Description
Defaults

The default value of hop-count is 20.

Command

Global configuration mode

Mode
Usage Guide

Inaregion, theBPDUsent bytheroot bridgeincludesa hopcount. Everytimea BPDU passesthroughadevicefrom
the root bridge, the hop count decreases by 1. When the hop count becomes 0, the BPDU times out and the device
discards the packet.
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ThiscommandspecifiesthenumberofdevicesaBPDUpassesthroughinaregionbeforebeing discarded.Changing
the maximum hop count will affect all instances.
Configuration Example



Configuring the Maximum Hop Count of a BPDU Packet

Configuration
Steps



Set the maximum hop count of a BPDU packet to 25.

FS(config)# spanning-tree max-hops 25
Verification



Run the show spanning-tree command to display the configuration.

FS# show spanning-tree
StpVersion : MSTP
SysStpStatus : ENABLED
MaxAge : 20
HelloTime : 2
ForwardDelay : 15
BridgeMaxAge : 20
BridgeHelloTime : 2
BridgeForwardDelay : 15
MaxHops: 25
TxHoldCount : 3
PathCostMethod : Long
BPDUGuard : Disabled
BPDUFilter : Disabled
LoopGuardDef : Disabled

###### mst 0 vlans map : ALL
BridgeAddr : 00d0.f822.3344
Priority: 0
TimeSinceTopologyChange : 2d:0h:46m:4s
TopologyChanges : 25
DesignatedRoot : 0.001a.a917.78cc
RootCost : 0
RootPort : GigabitEthernet 0/1
CistRegionRoot : 0.001a.a917.78cc
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CistPathCost : 20000

31.4.8 Enabling PortFast-related Features

Configuration Effect



AfterPortFastisenabledonaport,theportdirectlyenterstheforwardingstate.However,sincethePortFastOperationalState
becomes disabled due to receipt of BPDUs, the port can properly run the STP algorithm and enter the forwarding state.



If BPDU guard is enabled on a port, the port enters the error-disabled state after receiving a BPDU.



If BPDU filter is enabled on a port, the port neither sends nor receives BPDUs.

Notes



The global BPDU guard takes effect only when PortFast is enabled on a port.



IfBPDUfilterisenabledglobally,aPortFast-enabledportneither sendsnorreceivesBPDUs.Inthiscase,thehostconnecting
directly to the PortFast-enabled port does not receive any BPDUs. If the port changes its Port Fast Operational State to Disabled
after receiving a BPDU, BPDU filter automatically fails.



The global BPDU filter takes effect only when PortFast is enabled on a port.

Configuration Steps



Enabling PortFast



Optional.



If a port connects directly to the network terminal, configure this port as a PortFast port.



EnablingBPDU Guard



Optional.



Ifdeviceportsconnect directlytonetworkterminals,you canenableBPDU guardon theseports toprevent BPDUattacksfrom
causing abnormality in the spanning tree topology. A port enabled with BPDU guard enters the error-disabled state after
receiving a BPDU.



If device ports connect directly tonetwork terminals, you can enable BPDU guard toprevent loops on the ports.The
prerequisite is that the downlink device (such as the hub) can forward BPDU packets.



Enabling BPDU Filter



Optional.



Toprevent abnormal BPDU packetsfromaffecting the spanning tree topology, you can enable BPDU filter on a port tofilter
abnormal BPDU packets.

Verification



Display the configuration.



Run the show spanning-tree [mst instance-id] interface interface-id command to display the spanning tree configuration of
the port.

Related Commands
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Configuring PortFast

Command

spanning-tree portfast

Parameter

N/A

Description
Defaults

PortFast is disabled on a port by default.

Command

Interface configuration mode

Mode
Usage Guide

After PortFast is enabled on a port, the port directly enters the forwarding state. However, since the Port Fast
OperationalStatebecomesdisabledduetoreceiptofBPDUs,theportcanproperlyruntheSTPalgorithmand enter
the forwarding state.



Configuring BPDU Guard for all Ports

Command

spanning-tree portfast bpduguard default

Parameter

N/A

Description
Defaults

BPDU guard is globally disabled by default.

Command

Global configuration mode

Mode
Usage Guide

If BPDU guard is enabled on a port, the port enters the error-disabled state after receiving a BPDU. Run the show
spanning-tree command to display the configuration.



Configuring BPDU Guard for a Port

Command

spanning-tree bpduguard enabled

Parameter

N/A

Description
Defaults

BPDU guard is disabled on a port by default.

Command

Interface configuration mode

Mode
Usage Guide



If BPDU guard is enabled on a port, the port enters the error-disabled state after receiving a BPDU.

Configuring BPDU Filter for all Ports

Command

spanning-tree portfast bpdufilter default

Parameter

N/A

Description
Defaults

BPDU filter is globally disabled by default.

Command

Global configuration mode

Mode
Usage Guide



If BPDU filter is enabled, corresponding ports neither send nor receive BPDUs.

Configuring BPDU Filter for a Port

Command

spanning-tree bpdufilter enabled

Parameter

N/A
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Description
Defaults

BPDU filter is disabled on a port by default.

Command

Interface configuration mode

Mode
Usage Guide

If BPDU filter is enabled on a port, the port neither sends nor receives BPDUs.

Configuration Example



Enabling PortFast on a Port

Scenario
Figure 10- 25

Configuration
Steps
DEV C



Configure Gi 0/3 of DEV C as a PortFast port and enable BPDU guard.

FS(config)# int gi 0/3
FS(config-if-GigabitEthernet 0/3)# spanning-tree portfast
%Warning: portfast should only be enabled on ports connected toa single
host.Connectinghubs,switches,bridges tothisinterfacewhen portfastis
enabled,can cause temporary loops.
FS(config-if-GigabitEthernet 0/3)#spanning-tree bpduguard enable

Verification
DEV C



Run the show spanning-tree interface command to display the port configuration.

FS#show spanning-tree int gi 0/3

PortAdminPortFast : Enabled
PortOperPortFast : Enabled
PortAdminAutoEdge : Enabled
PortOperAutoEdge : Enabled
PortAdminLinkType : auto
PortOperLinkType : point-to-point
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PortBPDUGuard : Enabled
PortBPDUFilter : Disabled
PortGuardmode : None

###### MST 0 vlans mapped :ALL
PortState : forwarding
PortPriority : 128
PortDesignatedRoot : 0.00d0.f822.3344
PortDesignatedCost : 0
PortDesignatedBridge :0.00d0.f822.3344
PortDesignatedPortPriority : 128
PortDesignatedPort : 4
PortForwardTransitions : 1
PortAdminPathCost:20000
PortOperPathCost : 20000
Inconsistent states : normal
PortRole : designatedPort

31.4.9 Enabling TC-related Features

Configuration Effect



IfTCprotectionisenabledonaport,theport deletesTCBPDUpacketswithinaspecifiedtime(generally4seconds)after
receiving them, preventing MAC and ARP entry from being removed.



If TC guard is enabled, a port receiving TC packets filters TC packets received or generated by itself so that TC packets are not
spread to other ports. In this way, possible TC attacks are efficiently prevented to keep the network stable.



TC filter does not process TC packets received by ports but processes TC packets in case of normal topology changes.

Notes



It is recommended to enable TC guard only when illegal TC attack packets are received in the network.

Configuration Steps



EnablingTCProtection



Optional.



TC protection is disabled by default.



Enabling TCGuard



Optional.



TC guard is disabled by default.
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To filter TC packets received or generated due to topology changes, you can enable TC guard.



Enabling TCFilter



Optional.



TC filter is disabled by default.



To filter TC packets received on a port, you can enable TC filter on the port.

Verification



Display the configuration.

Related Commands



Enabling TCProtection

Command

spanning-tree tc-protection

Parameter

N/A

Description
Defaults

TC protection is disabled by default.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring TC Guard for all Ports

Command

spanning-tree tc-protection tc-guard

Parameter

N/A

Description
Defaults

TC guard is globally disabled by default.

Command

Global configuration mode

Mode
Usage Guide



Enable TC guard to prevent TC packets from spreading.

Configuring TC Guard for a Port

Command

spanning-tree tc-guard

Parameter

N/A

Description
Defaults

TC guard is disabled on a port by default.

Command

Interface configuration mode

Mode
Usage Guide



Enable TC guard to prevent TC packets from spreading.

Configuring TC Filter for a Port

Command

spanning-tree ignore tc

Parameter

N/A

Description
Defaults
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Command

Interface configuration mode

Mode
Usage Guide

If TC filter is enabled on a port, the port does not process received TC packets.

Configuration Example



Enabling TC Guard on a Port

Configuration

Enable TC guard on a port.

Steps
FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#spanning-tree tc-guard
Verification



Run the show run interface command to display the TC guard configuration of the port.

FS#show run int gi 0/1

Building configuration...
Current configuration : 134 bytes

interface GigabitEthernet 0/1
switchport mode trunk
spanning-tree tc-guard
Common Errors



IfTC guard orTC filter is incorrectly configured, an error may occur during packet forwarding of the network device. For example,
when the topology changes, the device fails to clear MAC address in a timely manner, causing packet forwarding errors.

31.4.10 Enabling BPDU Source MAC Address Check

Configuration Effect



Enable BPDU source MAC address check. After this, a device receives only BPDU packets with the source MAC address being the
specified MAC address and discards other BPDU packets.

Notes



Whentheswitchconnectedtoaport onapoint-to-point linkisdetermined,you canenable BPDUsourceMACaddress checkso
that the switch receives the BPDU packets sent only by the peer switch.

Configuration Steps



Enabling BPDU Source MAC Address Check



Optional.
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BPDU source MAC address check is disabled by default.



To prevent malicious BPDU attacks, you can enable BPDU source MAC address check.

Verification



Display the configuration.

Related Commands



Enabling BPDU Source MAC Address Check

Command

bpdu src-mac-check H.H.H

Parameter

H.H.H:Indicatesan MACaddress.ThedevicereceivesonlyBPDUpacketswiththisaddressbeingthesourceMAC

Description

address.

Defaults

BPDU source MAC address check is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

BPDU source MAC address check prevents BPDU packets from maliciously attacking switches and causing MSTP
abnormal.When the switch connected to a port on a point-to-point link is determined, you can enable BPDU source
MAC address check to receive BPDU packets sent only by the peer switch and discard all other BPDU packets, thereby
preventing malicious attacks.
Youcan enable BPDU source MAC address check in interfaceconfiguration mode for a specific port. One port can
only filter one MAC address.

Configuration Example



Enabling BPDU Source MAC Address Check on a Port

Configuration

Enable BPDU source MAC address check on a port.

Steps
FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#bpdu src-mac-check 00d0.f800.1234
Verification



Run the show run interface command to display the spanning tree configuration of the port.

FS#show run int gi 0/1

Building configuration...
Current configuration : 170 bytes

interface GigabitEthernet 0/1
switchport mode trunk
bpdu src-mac-check 00d0.f800.1234

www.fs.com
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spanning-tree link-type point-to-point
Common Errors



If BPDU source MAC address check is enabled on a port, the port receives only BPDU packets with the configured MAC address
being the source MAC address and discards all other BPDU packets.

31.4.11 Configuring AutoEdge

Configuration Effect



EnableAutoEdge.IfadesignatedportdoesnotreceiveanyBPDUswithinaspecifiedtime(3seconds),itisautomatically
identifiedas an edge port. However, if the port receives BPDUs, itsPort FastOperational Statewill become Disabled.

Notes


Unless otherwise specified, do not disable Auto Edge.



By default, the port is automatically identified as an edge port and enters the forwarding state if a designated port does not
receive any BPDUs within 3 seconds. If packet loss or packet Tx/Rx delay occurs in the network, it is recommended to disable
Auto Edge.

Configuration Steps



Configuring Auto Edge



Optional.



Auto Edge is enabled by default.

Verification



Display the configuration.

Related Commands



Configuring Auto Edge

Command

spanning-tree autoedge

Parameter

N/A

Description
Defaults

Auto Edge is enabled by default.

Command

Interface configuration mode

Mode
Usage Guide

If the designated port of a device does not receive a BPDU from the downlink port within a specific period (3
seconds),thedeviceregards anetworkdeviceconnected tothedesignatedport,configurestheport asan edge
port, and switches the port directly into the forwarding state. The edge port will be automatically identified as a
non-edge port after receiving a BPDU.
You can run the spanning-tree autoedge disabled command to disable Auto Edge.
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Configuration Example



Disabling Auto Edge on a Port

Configuration

Disable Auto Edge on a port.

Steps
FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#spanning-tree autoedge disabled
Verification



Run the show spanning-tree interface command to display the spanning tree configuration of the port.

FS#show spanning-tree interface gi 0/1

PortAdminPortFast : Disabled
PortOperPortFast : Disabled
PortAdminAutoEdge : Disabled
PortOperAutoEdge : Disabled
PortAdminLinkType : point-to-point
PortOperLinkType : point-to-point
PortBPDUGuard : Disabled
PortBPDUFilter : Disabled
PortGuardmode : None

######MST 0 vlans mapped :ALL
PortState : forwarding
PortPriority : 128
PortDesignatedRoot : 0.00d0.f822.3344
PortDesignatedCost : 0
PortDesignatedBridge :0.00d0.f822.3344
PortDesignatedPortPriority : 128
PortDesignatedPort : 2
PortForwardTransitions : 6
PortAdminPathCost : 20000
PortOperPathCost : 20000
Inconsistent states : normal
PortRole : designatedPort
Common Errors
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31.4.12 Enabling Guard-related Features

Configuration Effect



If root guard is enabled on a port, its roles on all instances are enforced as the designated port. Once the port receives
configuration information with a higher priority, it enters the root-inconsistent (blocking) state. If the port does not receive
configuration information with a higher priority within a period, it returns to its original state.



Due to the unidirectional link failure, the root port or backup port becomes the designated port and enters the forwarding state
if it does not receive BPDUs, causing a network loop. Loop guard is to prevent this problem.

Notes



Root guard and loop guard cannot take effect on a port at the same time.

Configuration Steps



Enabling Root Guard



Optional.



The root bridge may receive configuration with a higher priority due to incorrect configuration by maintenance personnel or
maliciousattacksinthenetwork. Asaresult,thecurrentroot bridge mayloseitsrole,causingincorrecttopologychanges.To
prevent this problem, you can enable root guard on a designated port of a device.



Enabling Loop Guard



Optional.



Youcan enable loop guard on a port (root port, master port, or AP) to prevent it from failing to receive BPDUs sent by the
designated bridge, increasing device stability. Otherwise, the network topology will change, possibly causing a loop.



Disabling Guard



Optional.



Guard is disabled by default.

Verification



Display the configuration.

Related Commands



Enabling Root Guard

Command

spanning-tree guard root

Parameter

N/A

Description
Defaults
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Command

Interface configuration mode

Mode
Usage Guide

If root guard is enabled, the current root bridge will not change due to incorrect configuration or illegal packet
attacks.



Enabling Loop Guard of all Ports

Command

spanning-tree loopguard default

Parameter

N/A

Description
Defaults

Loop guard is disabled by default.

Command

Global configuration mode

Mode
Usage Guide



Enabling loop guard on a root port or backup port will prevent possible loops caused by BPDU receipt failure.

Enabling Loop Guard of a Port

Command

spanning-tree guard loop

Parameter

N/A

Description
Defaults

Loop guard is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide



Enabling loop guard on a root port or backup port will prevent possible loops caused by BPDU receipt failure.

Disabling Guard

Command

spanning-tree guard none

Parameter

N/A

Description
Defaults

Guard is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Enabling Loop Guard on a Port
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Scenario
Figure 10- 26

Configuration
Steps
DEV A



Configure DEV A as the root bridge and DEV B as a non-root bridge on a spanning tree.



Enable loop guard on ports Gi 0/1 and Gi 0/2 of DEV B.

FS(config)#spanning-tree
FS(config)#spanning-tree mst 0 priority 0

DEV B

FS(config)#spanning-tree
FS(config)# int range gi 0/1-2
FS(config-if-range)#spanning-tree guard loop

Verification



Run the show spanning-tree interface command to display the spanning tree configuration of the port.

DEV A

Omitted.

DEV B

FS#show spanning-tree int gi 0/1

PortAdminPortFast : Disabled
PortOperPortFast : Disabled
PortAdminAutoEdge : Enabled
PortOperAutoEdge : Disabled
PortAdminLinkType : auto
PortOperLinkType : point-to-point
PortBPDUGuard : Disabled
PortBPDUFilter : Disabled
PortGuardmode : Guard loop

######MST 0 vlans mapped :ALL
PortState : forwarding
PortPriority : 128

www.fs.com

381

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

PortDesignatedRoot : 0.001a.a917.78cc
PortDesignatedCost : 0
PortDesignatedBridge :0.001a.a917.78cc
PortDesignatedPortPriority : 128
PortDesignatedPort : 17
PortForwardTransitions : 1
PortAdminPathCost : 20000
PortOperPathCost : 20000
Inconsistent states : normal
PortRole : rootPort

FS#show spanning-tree int gi 0/2

PortAdminPortFast : Disabled
PortOperPortFast : Disabled
PortAdminAutoEdge : Enabled
PortOperAutoEdge : Disabled
PortAdminLinkType : auto
PortOperLinkType : point-to-point
PortBPDUGuard : Disabled
PortBPDUFilter : Disabled
PortGuardmode : Guard loop

###### MST 0 vlans mapped :ALL
PortState : discarding
PortPriority : 128
PortDesignatedRoot : 0.001a.a917.78cc
PortDesignatedCost : 0
PortDesignatedBridge :0.001a.a917.78cc
PortDesignatedPortPriority : 128
PortDesignatedPort : 18
PortForwardTransitions : 1
PortAdminPathCost : 20000
PortOperPathCost : 20000
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Inconsistent states : normal
PortRole : alternatePort
Common Errors



If root guard is enabled on the root port, master port, or AP, the port may be incorrectly blocked.

31.4.13 Enabling BPDU Transparent Transmission

Configuration Effect



IfSTPisdisabledonadevice,thedeviceneedstotransparentlytransmitBPDUpacketssothatthespanningtreebetween
devices is properly calculated.

Notes



BPDU transparent transmission takes effect only when STP is disabled. If STP is enabled on a device, the device does not
transparently transmit BPDU packets.

Configuration Steps



Enabling BPDU Transparent Transmission



Optional.



If STP is disabled on a device that needs to transparently transmit BPDU packets, enable BPDU transparent transmission.

Verification



Display the configuration.

Related Commands



Enabling BPDU Transparent Transmission

Command

bridge-frame forwarding protocol bpdu

Parameter

N/A

Description
Defaults

BPDU transparent transmission is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

In IEEE 802.1Q, the destination MAC address 01-80-C2-00-00-00 of the BPDU is used as a reserved address.That is,
devicescompliant withIEEE802.1Q donot forwardthe BPDUpacketsreceived. However,devicesmayneed to
transparently transmit BPDU packets in actual network deployment. For example, if STP is disabled on a device, the
device needs to transparently transmit BPDU packets so that the spanning tree between devices is properly
calculated.
BPDUtransparenttransmissiontakeseffectonlywhenSTPisdisabled.IfSTPisenabledonadevice,thedevicedoes
not transparently transmit BPDU packets.
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Configuration Example



Enabling BPDU Transparent Transmission

Scenario
Figure 10- 27

STP is enabled on DEV A and DEV C while is disabled on DEV B.
Configuration
Steps
DEV B
Verification
DEV B



Enable BPDU transparent transmission on DEV B so that STP between DEV A and DEV C can be correctly
calculated.

FS(config)#bridge-frame forwarding protocol bpdu



Run the show run command to check whether BPDU transparent transmission is enabled.

FS#show run

Building configuration...
Current configuration : 694 bytes
bridge-frame forwarding protocol bpdu

31.4.14 Enabling BPDU Tunnel

Configuration Effect



Enable BPDU Tunnel so that STP packets from the customer network can be transparently transmitted across the SP network.
STP packet transmission between the customer network does not affect the SP network, causing STP on the customer network
to be calculated independently of that on the SP network.

Notes



BPDU Tunnel takes effect only when it is enabled in both global configuration mode and interface configuration mode.

Configuration Steps



Enabling BPDU Tunnel



(Optional) In a QinQ network, you can enable BPDU Tunnel if STP needs to be calculated separately between customer networks
and SP networks.

Verification



Run the show l2protocol-tunnel stp command to display the BPDU Tunnel configuration.

Related Commands



Configuring BPDU Tunnel in Global Configuration Mode

Command

www.fs.com
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Parameter

N/A

Description
Defaults

BPDU Tunnel is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

BPDU Tunnel takes effect only when it is enabled in both global configuration mode and interface configuration
mode.



Configuring BPDU Tunnel in Interface Configuration Mode

Command

l2protocol-tunnel stp enable

Parameter

N/A

Description
Defaults

BPDU Tunnel is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

BPDU Tunnel takes effect only when it is enabled in both global configuration mode and interface configuration
mode.



Configuring BPDU Tunnel Transparent Transmission Address

Command

l2protocol-tunnel stp tunnel-dmac mac-address

Parameter

mac-address: Indicates the STP address for transparent transmission.

Description
Defaults

The default MAC address is 01d0.f800.0005.

Command

Global configuration mode

Mode
Usage Guide

If an STP packet sent from a customer network enters a PE, the PE changes the destination MAC address of the packet
to a private address before the packet is forwarded by the SP network. Whenthe packet reaches the PE at the peer
end, the PE changes the destination MAC address to a public address and returns the packet to the customer
network at the peer end, realizing transparent transmission across the SP network. This private address is the
transparent transmission address of BPDU Tunnel.
Optionaltransparenttransmissionaddresses ofSTP packetsinclude 01d0.f800.0005,011a.a900.0005,
010f.e200.0003, 0100.0ccd.cdd0, 0100.0ccd.cdd1, and 0100.0ccd.cdd2.
Ifnotransparenttransmissionaddressisconfigured,BPDUTunnelusesthedefaultaddress01d0.f800.0005.

Configuration Example



Enabling BPDU Tunnel
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Scenario
Figure 10- 28

Configuration



Steps

Enable basic QinQ on the PEs (Provider S1/Provider S2 in this example) so that data packets of the customer
network are transmitted within VLAN 200 on the SP network.



Enable STP transparent transmission on the PEs (Provider S1/Provider S2 in this example) so that the SP
network can transmit STP packets of the customer network through BPDU Tunnel.

Provider S1

Step 1: Create VLAN 200 on the SP network.
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#vlan 200
FS(config-vlan)#exit
Step2: Enable basicQinQon theport connected tothecustomer networkand useVLAN 20 for tunneling.
FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#switchport mode dot1q-tunnel
FS(config-if-GigabitEthernet 0/1)#switchport dot1q-tunnel native vlan 200
FS(config-if-GigabitEthernet0/1)#switchportdot1q-tunnelallowedvlanadduntagged200
Step 3: Enable STP transparent transmission on the port connected to the customer network.
FS(config-if-GigabitEthernet 0/1)#l2protocol-tunnel stp enable
FS(config-if-GigabitEthernet 0/1)#exit
Step 4: Enable STP transparent transmission in global configuration mode.
FS(config)#l2protocol-tunnel stp
Step 5: Configure an Uplink port.
FS(config)# interface gigabitEthernet 0/5
FS(config-if-GigabitEthernet 0/5)#switchport mode uplink

Provider S2
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Verification



Check whether the BPDU Tunnel configuration is correct.



Verify the Tunnel port configuration by checking whether: 1. The port type is dot1q-tunnel; 2. The outer tag
VLANisconsistentwiththe nativeVLAN andadded totheVLANlistof theTunnel port;3.Theport thataccesses
the SP network is configured as an Uplink port.

Provider S1

Step 1: Check whether the BPDU Tunnel configuration is correct.
FS#show l2protocol-tunnel stp

L2protocol-tunnel: stp Enable
L2protocol-tunnel destination mac address: 01d0.f800.0005
GigabitEthernet 0/1 l2protocol-tunnel stp enable
Step 2: Check whether the QinQ configuration is correct.
FS#show running-config
interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchport dot1q-tunnel allowed vlan add untagged 200
switchport dot1q-tunnel native vlan 200
l2protocol-tunnel stp enable
spanning-tree bpdufilter enable
!
interface GigabitEthernet 0/5
switchport mode uplink
Provider S2

Verify Provider S2 configuration by performing the same steps.

Common Errors



In the SP network, BPDU packets can be correctly transparently transmitted only when the transparent transmission addresses
of BPDU Tunnel are consistent.

31.4.15 Configuring VSTP

Configuration Effect



Enable the VSTP function to prevent layer-2 loop in the M-LAG scenario.

Notes



VSTP is only applicable to the M-LAG scenario.

Configuration Steps



Enabling VSTP



Optional.

www.fs.com

387

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



In global configuration mode, run the spanning-tree v-stp enable command to enable the VSTP function and the no
spanning-tree v-stp enable command to disable VSTP.

Command

spanning-tree v-stp enable

Parameter

N/A

Description
Defaults

VSTP is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

VSTP is used to prevent the layer-loop in the M-LAG scenario.VSTP is supported by STP,RSTP and MSTP.Tomake VSTP
take effect, the following conditions should be met:
1.

Enable VSTP on all M-LAG member devices.

2.

Configure the identical STP configuration on all M-LAG member devices, for example, device priority, MSTP field
configuration, port cost and port priority.

3.

Interconnect all M-LAG member devices.

Verification



Run the show running-config command to display the VSTP configuration.

FS#show running-config

Building configuration...
Current configuration : 7359 bytes

spanning-tree v-stp enable
spanning-tree



Run the show spanning-tree v-stp information command to display the VSTP status.

FS#show spanning-tree v-stp information

V-STP status

: enable

Localbridgemac

: 00d0.f822.33ed

Selected bridge mac

: 5869.6c7b.b4a2

Peerlink Port

: AggregatePort 4

Calculate Virtrual Index

:4095

Mlag Remote device connected : Y

MST 0 Root Port

www.fs.com
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Configuration Example



Enabling VSTP

Scenario
Figure 10-29

Configuration



Steps
Device A, B, C

Step 1:Enable RSTP on device A, B and C.
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#spanning-tree
FS(config)#spanning-tree mode rstp

Device A, B

Step 2: Enable VSTP on device A and B.
FS(config)#spanning-tree v-stpenable

Verification

FS#show run

Building configuration...
Current configuration : 694 bytes
spanning-tree v-stp enable
Common Errors



VSTP is disabled on some M-LAG member device, leading to VSTP calculation error.
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STP configuration of the M-LAG member device is not identical, leading to VSTP calculation error.



The M-LAG member devices are not interconnected, leading to STP virtualization failure.

31.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the statistics of packets sent and

clear spanning-tree counters [ interface interface-id ]

received on a port.
Clears the STP topology change

clear spanning-tree mst instance-id topochange record

information.
Displaying
Description
Displays MSTP parameters and spanning tree topology
information.
Displays the count of sent and received MSTP packets.
DisplaysMSTPinstancesand correspondingport forwarding
status.
Displays the ports that are blocked by root guard or loop
guard.

Command
show spanning-tree
show spanning-tree counters [ interface interface-id ]
show spanning-tree summary
show spanning-tree inconsistentports

Displays the configuration of an MST region.

show spanning-tree mst configuration

Displays MSTP information of an instance.

show spanning-tree mst instance-id

DisplaysMSTPinformationoftheinstancecorrespondingtoa
port.
Displays topology changes of a port in an instance.
DisplaysMSTPinformationofallinstancescorrespondingtoa
port.

show spanning-tree mst instance-id interface interface-id
show spanning-tree mst instance-id topochange record
show spanning-tree interface interface-id

Displays the forwarding time.

show spanning-tree forward-time

Displays the hello time.

show spanning-tree hello time

Displays the maximum hop count.

show spanning-tree max-hops

Displays the maximum number of BPDU packets sent per
second.

show spanning-tree tx-hold-count

Displays the path cost calculation method.

show spanning-tree pathcost method

Displays BPDU Tunnel information.

show l2protocol-tunnel stp

Displays the VSTP configuration.

show spanning-tree v-stp information

Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
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Description

Command

Debugs all STPs.

debug mstp all

Debugs MSTP Graceful Restart (GR).

debug mstp gr

Debugs BPDU packet receiving.

debug mstp rx

Debugs BPDU packet sending.

debug mstp tx

Debugs MSTP events.

debug mstp event

Debugs loop guard.

debug mstp loopguard

Debugs root guard.

debug mstp rootguard

Debugs the bridge detection state machine.

debug mstp bridgedetect

Debugs the port information state machine.

debug mstp portinfo

Debugs the port protocol migration state

debug mstp protomigrat

machine.
Debugs MSTP topology changes.

debug mstp topochange

Debugs the MSTP receiving state machine.

debug mstp receive

Debugs the port role transition state machine.

debug mstp roletran

Debugs the port state transition state machine. debug mstp statetran
Debugs the MSTP sending state machine.

debug mstp transmit

Debugs the VSTP message.

Debug mstp vstp msg

Debugs the VSTP message sending.

debug mstp vstp send

Debugs the VSTP message receiving.

debug mstp vstp recv

32 Configuring GVRP
33Overview
The GARP VLAN Registration Protocol (GVRP) is an application of the Generic Attribute Registration Protocol (GARP) used to
dynamically configure and proliferate VLAN memberships.
GVRP simplifies VLAN configuration and management. It reduces the workload of manually configuring VLANs and adding ports to
VLANs,andreduces the possibilityof networkdisconnectiondue toinconsistent configuration.WithGVRP,you candynamically
maintain VLANs and add/remove ports to/from VLANs to ensure VLAN connectivity in a topology.
Protocols and Standards
IEEE standard 802.1D
IEEE standard 802.1Q

33.1 Applications
Application

Description

GVRP Configuration in a LAN

Connect two switches in a local area network (LAN) and realize VLAN synchronization.

GVRP PDUs Tunnel Application

Usethe GVRPProtocol DataUnits(PDUs)Tunnel featuretotransparentlytransmitGVRP
packets through a tunnel in a QinQ network environment.

33.1.1 GVRP Configuration in a LAN

Scenario
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Enable GVRP and set the GVRP registration mode to Normal to register and deregister all dynamic and static VLANs between Device A
and Device F.
Figure 11- 1

Remarks

Device A, Device B, Device C, Device D, Device E, and Device F are switches. The ports connected between two devices are
Trunk ports.
On Device A and Device F, configure static VLANs used for communication.
Enable GVRP on all switches.

Deployment



On each device, enable the GVRP and dynamic VLAN creation features, and ensure that dynamic VLANs can be created on
intermediate devices.



On Device A and Device F,configure static VLANs used for communication. Device B, Device C, Device D, and Device E will
dynamically learn the VLANs through GVRP.
It is recommended that the Spanning Tree Protocol (STP) be enabled to avoid loops in the customer network topology.

33.1.2 GVRP PDUs TunnelApplication

Scenario
A QinQ network environment is generally divided into a customer network and a service provider (SP) network. The GVRP PDUs
Tunnel feature allows GVRP packets to be transmitted between customer networks without impact on SP networks. The GVRP
calculation in customer networks is separated from that in SP networks without interference.
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Figure 11- 2 GVRP PDUs Tunnel Application Topology

Remarks

Figure 11- 2 shows an SP network and a customer network.The SP network contains the provider edge (PE) devices
Provider S1 and Provider S2. Customer Network A1 and Customer Network A2 are the same customer's two sites in
different locations. Customer S1 and Customer S2 are the access devices in the customer network, which are connected to
the SP network through Provider S1 and Provider S2 respectively.
The GVRP PDUs Tunnel feature allows Customer Network A1 and Customer Network A2 to perform unified GVRP
calculation across the SP network, without impact on the SP network's GVRP calculation.

Deployment



Enable basic QinQ on the PEs (Provider S1 and Provider S2) in the SP network to transmit data packets from the customer
network through a specified VLAN in the SP network.



Enable GVRP transparent transmission on the PEs (Provider S1 and Provider S2) in the SP network to allow the SP network to
tunnel GVRP packets from the customer network via the GVRP PDUs Tunnel feature.

33.2 Features
Basic Concepts



GVRP

GVRP is an application of GARP used to register and deregister VLAN attributes in the following modes:



Whena port receives aVLAN attribute declaration, theport willregister theVLAN attributescontained inthe declaration (that is,
the port will join the VLAN).



Whena port receives aVLAN attributerevocationdeclaration, theport willderegister theVLAN attributes containedin the
declaration (that is, the port will exit the VLAN).
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Figure 11- 3



Dynamic VLAN

AVLAN thatcan bedynamicallycreatedanddeleted without theneedformanual configurationiscalledadynamicVLAN.
You can manually convert a dynamic VLAN to a static VLAN, but not the way around.
Aprotocolstatemachinecontrolsthejoiningof portstodynamicVLANscreatedthrough GVRP.OnlytheTrunkportsthat receive
GVRP VLAN attribute declaration can join these VLANs. You cannot manually add ports to dynamic VLANs.



Message Types

(1) Join message
WhenaGARPapplicationentityhopesotherGARPentitiestoregisteritsattributes,itwillsendaJoinmessage.WhenaGARPentity
receivesaJoinmessagefromanotherentityorrequiresotherentitiestoregisteritsstaticattributes,itwillsendaJoinmessage.There
are two types of Join message: JoinEmpty and JoinIn.



JoinEmpty message: Used to declare an unregistered attribute



JoinIn message: Used to declare a registered attribute

(2) Leave message
WhenaGARPapplicationentityhopesother GARPentitiestoderegisteritsattributes,itwillsendaLeavemessage.WhenaGARP
entityreceivesaLeavemessagefromanother entityorrequiresother entitiestoderegister itsstaticallyderegisteredattributes,itwill
send a Leave message. There are two types of Leave message: LeaveEmpty and LeaveIn.



LeaveEmpty message: Used to deregister an unregistered attribute



LeaveIn message: Used to deregister a registered attribute

(3) LeaveAll message
EachGARPapplicationentitystartsitsLeaveAlltimerduringstartup.Whenthetimertimesout,theentitysendsaLeaveAllmessageto
deregisterall attributestoenableother GARP entitiestoreregisterattributes.WhentheGARP applicationentityreceivesaLeaveAll
message from another entity, it also sends a LeaveAll message. The LeaveAll timer is restarted when a LeaveAll message is sent again
to initiate a new cycle.



Timer Types

GARP defines four timers used to control GARP message sending.
(1) Hold timer
The Hold timer controls the sending of GARP messages (including Join and Leave messages). When a GARP application entity has its
attributes changedor receives a GARP message from another entity, it startstheHold timer.During the timeout period, the GARP
application entity encapsulates all GARP messages to be sent into packets as few as possible, and sends the packets when the timer
times out. This reduces the quantity of sent packets and saves bandwidth resources.
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(2) Join timer
TheJointimercontrolsthesending of Joinmessages. Aftera GARPapplicationentitysendsa Joinmessage, itwaitsforone timeout
interval of the Join timer to ensure that the Join message is reliably transmitted to another entity. If the GARP application entity
receivesa JoinIn messagefrom another entity before the timer timesout, itwill not resend the Join message; otherwise, it will resend
the Join message. Not each attribute has its own Join timer, but each GARP application entity has one Join timer.
(3) Leave timer
The Leave timercontrolsattributederegistration.Whena GARP applicationentity hopes other entitiestoderegister one of its
attributes, it sends a Leave message. Other entities which receive the Leave message start the Leave timer. The attribute will be
deregistered only if these entities receive no Join message mapped to the attribute during the timeout period.
(4) LeaveAll timer
EachGARPapplicationentitystartsitsownLeaveAlltimerupon startup.Whenthetimertimesout,theentitysendsaLeaveAll
message to enable other entities to reregister attributes. Then the LeaveAll timer is restarted to initiate a new cycle.



GVRP Advertising Modes

GVRP allows a switch to inform other interconnected devices of its VLANs and instruct the peer device to create specific VLANs and
add the ports that transmit GVRP packets to corresponding VLANs.
Two GVRP advertising modes are available:



Normal mode: A device externally advertises its VLAN information, including dynamic and static VLANs.



Non-applicant mode: A device does not externally advertise its VLAN information.



GVRP Registration Modes

A GVRP registration mode specifies whether the switch that receives a GVRP packet processes the VLAN information in the packet,
such as dynamically creating a new VLAN and adding the port that receives the packet to the VLAN.
Two GVRP registration modes are available:



Normal mode: Process the VLAN information in the received GVRP packet.



Disabled mode: No to process the VLAN information in the received GVRP packet.

Overview
Feature

Description

Intra-Topology VLAN

Dynamically creates VLANs and adds/removes ports to/from VLANs, which reduces the manual configuration

Information

workload and the probability of VLAN disconnection due to missing configuration.

Synchronization
33.2.1 Intra-Topology VLAN Information Synchronization

Working Principle
GVRP is an application of GARP based on the GARP working mechanism. GVRP maintains the dynamic registration information of
VLANs on a device and propagates the information to other devices. A GVRP-enabled device receives VLAN registration information
fromother devicesand dynamicallyupdates the localVLAN registrationinformation.The devicealsopropagates thelocalVLAN
registrationinformationtoother devicessothat alldevicesin aLANmaintain consistentVLAN information.TheVLAN registration
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informationpropagatedbyGVRPincludesthemanually-configuredstaticregistrationinformationonthelocaldeviceand the
dynamic registration information from other devices.



External VLAN Information Advertising

TheTrunkport on aGVRP-enableddeviceperiodicallycollectsVLAN informationwithintheport, includingtheVLANs that theTrunk
port joinsorexits.The collectedVLAN informationisencapsulatedinaGVRPpacket tobesent tothe peer device.After theTrunk port
on the peer device receives the packet, it resolves the VLAN information. Then corresponding VLANs will be dynamically created, and
theTrunk port will join the created VLANs or exit other VLANs. For details about theVLAN information, see the above description of
GVRP message types.
Related Configurations



GVRP is disabled by default.



Run [no] gvrp enable to enable or disable GVRP.



After GVRP is enabled on a device, the device sends GVRP packets carrying VLAN information. If GVRP is disabled on the device,
the device does not send GVRP packets carrying VLAN information or process received GVRP packets.



VLAN Registration and Deregistration

UponreceivingaGVRPpacket,theswitchdetermineswhethertoprocesstheVLANinformationinthepacketaccordingtothe
registration mode of the corresponding port. For details, see the above description of GVRP registration modes.
Related Configurations



If GVRP is enabled, the port in Trunk mode is enabled with dynamic VLAN registration by default.



To enable dynamic VLAN registration on a port, run the gvrp registration mode normal command. To disable dynamic VLAN
registration on a port, run the gvrp register mode disable command.



If dynamic VLAN registration is enabled, dynamic VLANs will be created on the local device when the port receives a GVRP
packet carrying VLAN information from the peer end.



IfdynamicVLANregistrationisdisabled,nodynamicVLANwillbecreatedonthelocaldevicewhentheportreceivesaGVRP
packet from the peer end.Configuration

Configuration

Description and Command
(Mandatory) It is used to enable GVRP and dynamic VLAN creation.

Configuring Basic GVRP
Features and VLAN

gvrp enable

Enables GVRP.

gvrp dynamic-vlan-creation enable

Enables dynamic VLAN creation.

switchport mode trunk

Information
Synchronization

switchport trunk allowed vlan all

Switches to Trunk port mode. GVRP take effects
only in Trunk mode.
Allows the traffic from all VLANs to pass through.
Configures the advertising mode of a port. The

gvrp applicant state

Normal mode indicates to advertise VLAN
information externally by sending a GVRP packet.
The Non-applicant mode indicates not to advertise
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Configuration

Description and Command
VLAN information externally.
Configures the registration mode of a port. The
Normal mode indicates to process the VLAN
gvrp registration mode

informationinthereceivedGVRPpacket,suchas
dynamically creating VLANs and adding ports to
VLANs. The Disabled mode indicates not to process
the VLAN information in the received GVRP packet.

(Optional) It is used to configure timers and the registration mode and advertising mode of a port.
gvrp timer
Configuring GVRP PDUs
Transparent Transmission

Configures timers.

(Optional) It is used to configure GVRP PDUs transparent transmission.
bridge-frame forwarding protocol gvrp

Enables GVRP PDUs transparent transmission.

(Optional) It is used to configure the GVRP PDUs Tunnel feature.

Configuring the GVRP
PDUs Tunnel Feature

l2protocol-tunnel gvrp
l2protocol-tunnel gvrp enable
l2protocol-tunnel gvrp tunnel-dmac

Enables the GVRP PDUsTunnel feature inglobal
configuration mode.
Enables the GVRP PDUs Tunnel feature in interface
configuration mode.
Configures the transparent transmission address
used by the GVRP PDUs Tunnel feature.

33.3 Configuration
33.3.1 Configuring Basic GVRP Features and VLAN Information Synchronization

Configuration Effect



Dynamically create/delete VLANs and add/remove ports to/from VLANs.



Synchronize VLAN information between devices to ensure normal intra-topology communication.



Reduce the manual configuration workload and simplify VLAN management.

Notes



GVRPmustbe enabledonboth connecteddevices.GVRPinformationistransmittedonlybyTrunkLinks.Thetransmitted
informationcontainstheinformationofallVLANsonthecurrentdevice,includingdynamicallylearnedVLANsandmanually
configured VLANs.



If STP is enabled, only ports in Forwarding state participate in GVRP (such as receiving and sending GVRP PDUs) and have their
VLAN information propagated by GVRP.



All VLAN ports added by GVRP are tagged ports.



Thesystemdoesnot savetheVLANinformationthatisdynamicallylearnedbyGVRP.Theinformationwillbelostwhenthe
device is reset and cannot be saved manually.



All devices that need to exchange GVRP information must maintain consistent GVRP timers (Join timer, Leave timer, and Leaveall
timer).
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If STP is not enabled, all available ports can participate in GVRP.If Single Spanning Tree(SST) is enabled, only ports in
Forwarding state in the SST Context participate in GVRP. If Multi Spanning Tree (MST) is enabled, GVRP can run in the Spanning
Tree Context to which VLAN1 belongs. You cannot specify other Spanning Tree Context for GVRP.

Configuration Steps



Enabling GVRP



Mandatory.



Only GVRP-enabled devices can process GVRP packets.



Enabling Dynamic VLAN Creation



Mandatory.



After dynamic VLAN creation is enabled on a device, the device will dynamically create VLANs upon receiving GVRP Join
messages.



Configuring Timers



Optional.



There are three GVRP timers: Join timer, Leave timer, and Leaveall timer, which are used to control message sending intervals.



The timer interval relationships are as follows:The interval of the Leave timer must be three times or more greater than that of
the Join timer; the interval of the Leaveall timer must be greater than that of the Leave timer.



The three timers are controlled by the GVRP state machine and can be triggered by each other.



Configuring the Advertising Mode of a Port



Optional.



Two GVRP advertising modes are available: Normal (default) and Non-applicant.



Normal mode: Indicates that a device externally advertises its VLAN information.



Non-applicant mode: Indicates that a device does not externally advertise its VLAN information.



Configuring the Registration Mode of a Port



Optional.



Two GVRP registration modes are available: Normal and Disabled.



Switching to Trunk Port Mode



Mandatory.



GVRP takes effect only on ports in Trunk mode.

Verification



Run the show gvrp configuration command to check the configuration.



Check whether a dynamic VLAN is configured and the corresponding port joins the VLAN.

Related Commands
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Enabling GVRP

Command

gvrp enable

Parameter

N/A

Description
Defaults

By default, GVRP is disabled.

Command

Global configuration mode

Mode
Usage Guide

GVRPcan beenabledonly inglobalconfiguration mode.IfGVRPisnot enabledglobally, youcanstillsetother GVRP
parameters, but the parameter settings take effect only when GVRP starts running.



Enabling Dynamic VLAN Creation

Command

gvrp dynamic-vlan-creation enable

Parameter

N/A

Description
Defaults

By default, dynamic VLAN creation is disabled.

Command

Global configuration mode

Mode
Usage Guide

Whena port receivesa JoinInor JoinEmpty messagethat indicates anon-existentVLAN on thelocaldevice, GVRP
may create this VLAN, depending on the configuration of this command.

The parameters of a dynamic VLAN created through GVRP cannot be modified manually.



Configuring Timers

Command

gvrp timer { join timer-value | leave timer-value | leaveall timer-value }

Parameter

timer-value : 1–2,147,483,647 ms

Description
Defaults

Join timer: 200ms, leave timer: 600ms, leaveall timer: 10,000ms

Command

Global configuration mode

Mode
Usage Guide

The interval of the Leave timer must be three times or greater than that of the Join timer.
The interval of the Leaveall timer must be greater than that of the Leave timer.
The time unit is milliseconds.
The following timer intervals are recommended in actual networking:
Join timer: 6,000 ms (6s)
Leavetimer: 30,000 ms (30s)
Leaveall timer: 120,000 ms (2 minutes)
Ensure that the GVRP timer settings on all interconnected GVRP devices are consistent; otherwise, GVRP may
work abnormally.



Configuring the Advertising Mode of a Port

Command

gvrp applicant state { normal | non-applicant }

Parameter

normal: Indicates that a port externally advertises VLAN information.

Description

non-applicant: Indicates that a port does not externally advertise VLAN information.
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Defaults

By default, ports are allowed to send GVRP notification.

Command

Interface configuration mode

Mode
Usage Guide



This command is used to configure the GVRP advertising mode of a port.

Configuring the Registration Mode of a Port

Command

gvrp registration mode { normal | disabled }

Parameter

normal: Indicates that the port is allowed to join a dynamic VLAN.

Description

disabled: Indicates that the port is not allowed to join a dynamic VLAN.

Defaults

If GVRP is enabled, the port in Trunk mode is enabled with dynamic VLAN registration by default.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to configure the GVRP registration mode of a port.

Configuration Example



Enabling GVRP in a Topology and Dynamically Maintaining VLANs and the VLAN-Port Relationship

Scenario
Figure 11- 4

Configuration



On Switch A and Switch C, configure VLANs used for communication in the customer network.

Steps



Enable the GVRP and dynamic VLAN creation features on Switch A, Switch B, and Switch C.



ConfiguretheportsconnectedbetweenswitchesasTrunkports,andensurethattheVLANlistsofTrunkports
includethe communicationVLANs. By default,aTrunk port allows thetrafficfromallVLANs topass through.


A

It is recommended that STP be enabled to avoid loops.

1. Create VLAN 1–200 used for communication in the customer network.
A# configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
A(config)# vlan range 1-200
2. Enable the GVRP and dynamic VLAN creation features.
A(config)# gvrp enable
A(config)# gvrp dynamic-vlan-creation enable
3. Configure theport connectedtoSwitch Bas aTrunkport. By default, aTrunk port allows the trafficfromallVLANs
to pass through.
A(config)# interface gigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# switchport mode trunk
4. Configure the advertising mode and registration mode of theTrunk port.The Normal mode is used by default and
does not need to be configured manually.
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A(config-if-GigabitEthernet 0/1)# gvrp applicant state normal
A(config-if-GigabitEthernet 0/1)# gvrp registration mode normal
A(config-if-GigabitEthernet 0/1)# end
C



B

1. Enable the GVRP and dynamic VLAN creation features.

The configuration on Switch C is the same as that on Switch A.

B# configure terminal
B(config)# gvrp enable
B(config)# gvrp dynamic-vlan-creation enable
2. Configure the ports connected to Switch A and Switch C as Trunk ports.
B(config)# interface range GigabitEthernet 0/2-3
B(config-if-GigabitEthernet 0/2)# switchport mode trunk

Verification

Check whether the GVRP configuration on each device is correct. Check whether VLAN 2–100 are dynamically
created on Switch B and whether Port G 0/2 and Port G 0/3 on Switch B join the dynamic VLANs.

A

A# showgvrp configuration
GlobalGVRP Configuration:
GVRP Feature:enabled
GVRP dynamic VLAN creation:enabled
Join Timers(ms):200
Leave Timers(ms):600
Leaveall Timers(ms):1000
Port based GVRP Configuration:
PORT

Applicant Status

----------------------- -------------------GigabitEthernet 0/1

B

Registration Mode

---------------------

normal

normal

B#showgvrp configuration
Global GVRP Configuration:
GVRP Feature:enabled
GVRP dynamic VLAN creation:enabled
Join Timers(ms):200
Leave Timers(ms):600
Leaveall Timers(ms):1000
Port based GVRP Configuration:
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PORT

Applicant Status

----------------------- --------------------

C

Registration Mode

---------------------

GigabitEthernet 0/2

normal

normal

GigabitEthernet 0/3

normal

normal

C#showgvrpconfiguration
Global GVRP Configuration:
GVRP Feature:enabled
GVRP dynamic VLAN creation:enabled
Join Timers(ms):200
Leave Timers(ms):600
Leaveall Timers(ms):1000
Port based GVRP Configuration:
PORT

Applicant Status

----------------------- -------------------GigabitEthernet 0/1

Registration Mode

---------------------

normal

normal

Common Errors



The ports connected between devices are not in Trunk mode.



TheVLAN listsof theportsconnected betweendevicesdonot includetheVLANs usedforcommunication inthe customer
network.



The GVRP advertising modes and registration modes of Trunk ports are not set to Normal.

33.3.2 Enabling GVRP PDUs Transparent Transmission

Configuration Effect
Enable devices to transparently transmit GVRP PDU frames to realize normal inter-device GVRP calculation when GVRP is not enabled.
Notes
GVRP PDUs transparent transmission takes effect only when GVRP is disabled. After GVRP is enabled, devices will not transparently
transmit GVRP PDU frames.
Configuration Steps



Configuring GVRP PDUs Transparent Transmission



Optional.



Perform this configuration when you need to enable devices to transparently transmit GVRP PDU frames when GVRP is disabled.

Verification
Run the show run command to check whether GVRP PDUs transparent transmission is enabled.
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Related Commands



Configuring GVRP PDUs Transparent Transmission

Command
Parameter

bridge-frame forwarding protocol gvrp
N/A

Description
Command

Global configuration mode

Mode
Defaults

The function is disabled by default.

Usage Guide

In the IEEE 802.1Q standard, the destination MAC address 01-80-C2-00-00-06 for GVRP PDUs is reserved. Devices
compliantwithIEEE802.1QdonotforwardreceivedGVRPPDUframes.However,inactualnetworkdeployment,
devices may need to transparently transmit GVRP PDU frames to realize normal inter-device GVRP calculation when
GVRP is not enabled.
GVRP PDUs transparent transmission takes effect only when GVRP is disabled. After GVRP is enabled, devices will not
transparently transmit GVRP PDU frames.

Configuration Example



Configuring GVRP PDUs Transparent Transmission

Scenario
Figure 11- 5

Enable GVRP on DEV A and DEV C. (DEV B is not enabled with GVRP.)

Configuration
Steps
DEV B

Verification
DEV B

Configure GVRP PDUs transparent transmission on DEV B to realize normal GVRP calculation between DEV A and DEV
C.
FS(config)#bridge-frame forwarding protocol gvrp

Run the show run command to check whether GVRP PDUs transparent transmission is enabled.
FS#show run

Building configuration...
Current configuration : 694 bytes
bridge-frame forwarding protocol gvrp
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33.3.3 Configuring the GVRP PDUs Tunnel Feature

Configuration Effect
TransparentlytransmitGVRPpacketsbetweencustomernetworksthroughtunnelsinSPnetworkswithoutimpactontheSPnetworks,
and thereby separate the GVRP calculation in customer networks from that in SP networks.
Notes
The GVRP PDUs Tunnel feature takes effect after it is enabled in global configuration mode and interface configuration mode.
Configuration Steps



Configuring the GVRP PDUs Tunnel Feature



(Optional) Perform this configuration when you need to separate GVRP calculation between customer networks and SP
networks in a QinQ environment.

Verification
Run the show l2protocol-tunnel gvrp command to check the GVRP PDUs Tunnel configuration.
Related Commands



Configuring the GVRP PDUs Tunnel Feature in Global Configuration Mode

Command

l2protocol-tunnel gvrp

Parameter

N/A

Description
Defaults

The function is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

The GVRP PDUs Tunnel feature takes effect after it is enabled in global configuration mode and interface
configuration mode.



Configuring the GVRP PDUs Tunnel Feature in Interface Configuration Mode

Command

l2protocol-tunnel gvrp enable

Parameter

N/A

Description
Defaults

The function is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

The GVRP PDUs Tunnel feature takes effect after it is enabled in global configuration mode and interface
configuration mode.



Configuring the GVRP PDUs Tunnel Transparent Transmission Address

Command

l2protocol-tunnel gvrp tunnel-dmac mac-address

Parameter

mac-address: Indicates the GVRP address used by transparent transmission.

Description
Defaults
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Command

Global configuration mode

Mode
Usage Guide

In GVRP PDUs Tunnel application, when a GVRP packet from a customer network enters the PE in an SP network, the
destination MAC address of the packet is changed to a private address before the packet is forwarded in the SP
network.WhenthepacketreachesthepeerPE,thedestinationMACaddressischangedtoapublicaddressbefore
the packet is sent to the customer network at the other end. In this way, the GVRP packet can be transparently
transmitted across the SP network. The private address is the transparent transmission address used by the GVRP
PDUs Tunnel feature.
Address range for transparent transmission of GVRP packets: 01d0.f800.0006, 011a.a900.0006
When no transparent transmission address is configured, the default address 01d0.f800.0006 is used.

Configuration Example



Configuring the GVRP PDUs Tunnel Feature

Scenario
Figure 11- 6

Configuration



Steps

Enable basic QinQ on the PEs (Provider S1 and Provider S2) in the SP network to transmit data packets from the
customer network through VLAN 200 in the SP network.



EnableGVRPtransparenttransmissiononthePEs(ProviderS1andProviderS2)intheSPnetworktoallowthe
SP network to tunnel GVRP packets from the customer network via the GVRP PDUs Tunnel feature.

Provider S1

Step 1: Create VLAN 200 of the SP network.
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#vlan 200
FS(config-vlan)#exit
Step 2: Enable basic QinQ on the port connected to the customer network to tunnel data from the customer network
through VLAN200.
FS(config)#interface gigabitEthernet 0/1
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FS(config-if-GigabitEthernet 0/1)#switchport mode dot1q-tunnel
FS(config-if-GigabitEthernet 0/1)#switchport dot1q-tunnel native vlan 200
FS(config-if-GigabitEthernet0/1)#switchport dot1q-tunnel allowed vlan add untagged 200
Step 3: Enable GVRP transparent transmission on the port connected to the customer network.
FS(config-if-GigabitEthernet 0/1)#l2protocol-tunnel gvrp enable
FS(config-if-GigabitEthernet 0/1)#exit
Step 4:Enable GVRP transparent transmission globally.
FS(config)#l2protocol-tunnel gvrp
Step 5: Configure an uplink port.
FS(config)# interface gigabitEthernet 0/5
FS(config-if-GigabitEthernet 0/5)#switchport mode uplink
Provider S2

The configuration on Provider S2 is similar to that on Provider S1.

Verification



Check whether the GVRP PDUs Tunnel configuration is correct.



Check whether the Tunnel port is configured correctly. Pay attention to the following:

Provider S1

-

The port type is dot1q-tunnel.

-

The outer tag VLAN is the Native VLAN and added to the VLAN list of the Tunnel port.

-

The ports on the PEs in the uplink direction are configured as Uplink ports.

1. Check whether the GVRP PDUs Tunnel configuration is correct.
FS#show l2protocol-tunnel gvrp

L2protocol-tunnel: Gvrp Enable
L2protocol-tunnel destination mac address: 01d0.f800.0006
GigabitEthernet 0/1 l2protocol-tunnel gvrp enable
2. Check whether the QinQ configuration is correct.
FS#show running-config
interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchport dot1q-tunnel allowed vlan add untagged 200
switchport dot1q-tunnel native vlan 200
l2protocol-tunnel gvrp enable
!
interface GigabitEthernet 0/5
switchport mode uplink
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Provider S2

The verification on Provider S2 is the same as that on Provider S1.

Common Errors
In an SP network, transparent transmission addresses are not configured consistently, which affects the transmission of GVRP PDU
frames.

33.4 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.

Description

Command

Clears port counters.

clear gvrp statistics { interface-id | all }

Displaying
Description

Command

Displays port counters.

show gvrp statistics { interface-id | all }

Displays the current GVRP status.

show gvrp status

Displays the current GVRP configuration.

show gvrp configuration

Displays the informationof the GVRP PDUsTunnel feature.

show l2protocol-tunnel gvrp

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.

Description

Command

Enables GVRP event debugging.

debug gvrp event

Enables GVRP timer debugging.

debug gvrp timer

34 Configuring LLDP
34.1 Overview
The Link Layer Discovery Protocol (LLDP), defined in the IEEE 802.1AB standard, is used to discover the topology and identify
topological changes. LLDP encapsulates local information of a device into LLDP data units (LLDPDUs) in the type/length/value (TLV)
format and then sends the LLDPDUs to neighbors. It also stores LLDPDUs from neighbors in the management information base (MIB)
to be accessed by the network management system (NMS).
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WithLLDP,the NMScan learn about topology,for example, which ports of a deviceare connected toother devices and whether the
rates and duplex modes at both ends of a link are consistent. Administrators can quickly locate and rectify a fault based on the
information.
A FS LLDP-compliant device is capable of discovering neighbors when the peer is either of the following:



FS LLDP-compliant device



Endpoint device that complies with the Link Layer Discovery Protocol-Media Endpoint Discovery (LLDP-MED)

Protocols and Standards



IEEE 802.1AB 2005: Station and Media Access Control Connectivity Discovery



ANSI/TIA-1057: Link Layer Discovery Protocol for Media Endpoint Devices

34.2 Applications
Application

Description

Displaying Topology

Multiple switches, a MED device, and an NMS are deployed in the network topology.

Conducting Error Detection

Two switches are directly connected and incorrect configuration will be displayed.

34.2.1 Displaying Topology

Scenario
Multiple switches, a MED device, and an NMS are deployed in the network topology.
As shown in the following figure, the LLDP function is enabled by default and no additional configuration is required.



Switch A and Switch B discover that they are neighbors.



Switch A discovers its neighbor MED device, that is, IP-Phone, through port GigabitEthernet 0/1.



The NMS accesses MIB of switch A.

Figure 12- 1

Remarks

FSSwitch A,Switch B,and IP-Phone support LLDP and LLDP-MED.
LLDP on switch ports works in TxRx mode.
The LLDP transmission interval is 30 seconds and transmission delay is 2 seconds by default.
Deployment



Run LLDP on a switch to implement neighbor discovery.
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Run the Simple Network Management Protocol (SNMP) on the switch so that the NMS acquires and sets LLDP-relevant
information on theswitch.

34.2.2 Conducting Error Detection

Scenario
Two switches are directly connected and incorrect configuration will be displayed.
As shown in the following figure, the LLDP function and LLDP error detection function are enabled by default, and no additional
configuration is required.



After you configure a virtual local area network (VLAN), port rate and duplex mode, link aggregation, and maximum
transmission unit (MTU) of a port on Switch A, an error will be prompted if the configuration does not match that on Switch B,
and vice versa.

Figure 12- 2

Remarks

FSSwitchAand SwitchBsupport LLDP.
LLDP on switch ports works in TxRx mode.
The LLDP transmission interval is 30 seconds and transmission delay is 2 seconds by default.

Deployment



Run LLDP on a switch to implement neighbor discovery and detect link fault.

34.3 Features
Basic Concepts



LLDPDU

LLDPDU is a protocol data unit encapsulated into an LLDP packet. Each LLDPDU is a sequence of TLV structures. The TLV collection
consists of three mandatory TLVs, a series of optional TLVs, and one End Of TLV.The following figure shows the format of an LLDPDU.
Figure 12- 3 LLDPDU Format

In the preceding figure:



M indicates a mandatory TLV.



In an LLDPDU, Chassis IDTLV,Port ID TLV,TimeToLiveTLV,and EndOf LLDPDU TLVare mandatory and TLVsof otherTLVsare
optional.



LLDP Encapsulation Format

LLDP packets can be encapsulated in two formats: Ethernet II and Subnetwork Access Protocols (SNAP).
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ThefollowingfigureshowstheformatofLLDPpacketsencapsulatedintheEthernetIIformat.
Figure 12- 4 Ethernet II Format

In the preceding figure:



Destination Address: Indicates the destination MAC address, which is the LLDP multicast address 01-80-C2-00-00-0E.



Source Address: Indicates the source MAC address, which is the port MAC address.



Ethertype: Indicates the Ethernet type, which is 0x88CC.



LLDPDU: Indicates the LLDP protocol data unit.



FCS: Indicates the frame check sequence.

Figure 12-5 shows the format of LLDP packets encapsulated in the SNAP format.
Figure 12- 5 SNAP Format

In the preceding figure:



Destination Address: Indicates the destination MAC address, which is the LLDP multicast address 01-80-C2-00-00-0E.



Source Address: Indicates the source MAC address, which is the port MAC address.



SNAP-encoded Ethertype: Indicates the Ethernet type of the SNMP encapsulation, which is AA-AA-03-00-00-00-88-CC.



LLDPDU: Indicates the LLDP protocol data unit.



FCS: Indicates the frame check sequence.



TLV

TLVs encapsulated into an LLDPDU can be classified into two types:



Basic management TLVs



OFSanizationally specificTLVs

Basic management TLVs are a collection of basic TLVs used for network management. OFSanizationally specific TLVs are defined by
standard oFSanizations and other institutions, for example, the IEEE 802.1 oFSanization and IEEE 802.3 oFSanization define their own
TLV collections.
9.

Basic management TLVs

The basic management TLV collection consists of two types of TLVs: mandatory TLVs and optional TLVs. A mandatory TLV must be
contained in an LLDPDU for advertisement and an optional TLV is contained selectively.
The following table describes basic management TLVs.
TLV Type

Description

Mandatory/Optional

End Of LLDPDU TLV

Indicates the end of an LLDPDU, occupying two bytes.

Mandatory

Chassis ID TLV

Identifies a device with a MAC address.

Mandatory

Port ID TLV

Identifies a port sending LLDPDUs.

Fixed

Time To Live TLV

Indicates the time to live (TTL) of local information on a neighbor.When

Mandatory
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a device receives a TLV containing TTL 0, it deletes the neighbor
information.
Port Description TLV

Indicates the descriptor of the port sending LLDPDUs.

Optional

System Name TLV

Describes the device name.

Optional

System Description TLV
System Capabilities TLV
Management Address TLV

Indicates the device description, including the hardware version,
software version, and operating system information.
Describes main functions of the device, such as the bridge, routing, and
relay functions.
Indicatesthe management address, whichcontains the interface IDand
object identifier (OID).

Optional
Optional
Optional

FS LLDP-compliant switches support advertisement of basic management TLVs.
10.

OFSanizationally specificTLVs

Different oFSanizations, such as the IEEE 802.1, IEEE 802.3, IETF and device suppliers, define specific TLVs to advertise specific
information about devices. The oFSanizationally unique identifier (OUI) field in a TLV is used to distinguish different oFSanizations.



OFSanizationallyspecificTLVsareoptionalandareadvertisedinanLLDPDUselectively.Currently,therearethreetypesof
common oFSanizationally specific TLVs: IEEE 802.1 oFSanizationally specific TLVs, IEEE 802.3 oFSanizationally specific TLVs, and
LLDP-MED TLVs.

The following table describes IEEE 802.1 oFSanizationally specific TLVs.
TLV Type

Description

Port VLAN ID TLV

Indicates the VLAN identifier of a port.

Port And Protocol VLAN ID TLV

Indicates the protocol VLAN identifier of a port.

VLAN Name TLV

Indicates the VLAN name of a port.

Protocol Identity TLV

Indicates the protocol type supported by a port.

FS LLDP-compliant switches do not send the Protocol Identity TLV but receive this TLV.



IEEE 802.3 oFSanizationally specific TLVs

The following table describes IEEE 802.3 oFSanizationally specific TLVs.
TLV Type
MAC/PHY Configuration//Status TLV
Power Via MDI TLV
Link Aggregation TLV
Maximum Frame Size TLV

Description
Indicates the rate and duplex mode of a port, and whether to
support and enable auto-negotiation.
Indicates the power supply capacity of a port.
Indicates the link aggregation capacity of a port and the current
aggregation state.
Indicates the maximum size of the frame transmitted by a port.

FS LLDP-compliant devices support advertisement of IEEE 802.3 oFSanizationally specific TLVs.



LLDP-MED TLV

LLDP-MED is an extension to LLDP based on IEEE 802.1AB LLDP.It enables users to conveniently deploy the Voice Over IP (VoIP)
network and detect faults. It provides applications including the network configuration policies, device discovery, PoE management,
and inventory management, meeting requirements for low cost, effective management, and easy deployment.
The following table describes LLDP-MED TLVs.
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TLV Type

Description

LLDP-MED Capabilities TLV

Indicates the type of the LLDP-MED TLV encapsulated into an LLDPDU and device type
(network connectivity device or endpoint device), and whether to support LLDP-MED,.
Advertises the port VLAN configuration, supported application type (such as voice or

Network Policy TLV

video services), and Layer-2 priority information.

Location Identification TLV

Locates and identifies an endpoint device.

Extended Power-via-MDI TLV

Provides more advanced power supply management.

Inventory – Hardware Revision TLV

Indicates hardware version of a MED device.

Inventory – Firmware Revision TLV

Indicates the firmware version of the MED device.

Inventory – Software Revision TLV

Indicates the software version of the MED device.

Inventory – Serial Number TLV

Indicates the serial number of the MED device.

Inventory – Manufacturer Name TLV

Indicates the name of the manufacturer of the MED device.

Inventory – Model Name TLV

Indicates the module name of the MED device.

Inventory – Asset ID TLV

Indicates the asset identifier of the MED device, used for inventory management and
asset tracking.

FS LLDP-compliant FS devices support advertisement of LLDP-MED TLVs.
Overview
Feature

Description

LLDP Work Mode

Configures the mode of transmitting and receiving LLDP packets.

LLDP Transmission

Enables directly connected LLDP-compliant devices to send LLDP packets to the peer.

Mechanism
LLDP Reception

Enables directly connected LLDP-compliant devices to receive LLDP packets from the peer.

Mechanism
34.3.1 LLDP Work Mode

Configure the LLDP work mode so as to specify the LLDP packet transmission and reception mode.
Working Principle
LLDP provides three work modes:



TxRx: Transmits and receives LLDPDUs.



Rx Only: Only receives LLDPDUs.



Tx Only: Only transmits LLDPDUs.

When the LLDP work mode is changed, the port initializes the protocol statemachine.Youcan set a port initialization delay to prevent
repeated initialization of a port due to frequent changes of the LLDP work mode.
Related Configuration



Configuring the LLDP Work Mode

The default LLDP work mode is TxRx.
You can run the lldp mode command to configure the LLDP work mode.
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Ifthe workmode issettoTxRx, the devicecan both transmitand receiveLLDP packets.If the workmode issettoRx Only, thedevice
can only receive LLDP packets. If the work mode is set toTx Only, the devicecan only transmit LLDP packets. If the work mode is
disabled, the device cannot transmit or receive LLDP packets.
34.3.2 LLDP Transmission Mechanism

LLDP packets inform peers of their neighbors. When the LLDP transmission mode is cancelled or disabled, LLDP packets cannot be
transmitted to neighbors.
Working Principle
LLDP periodically transmits LLDP packets when working in TxRx or Tx Only mode. When information about the local device changes,
LLDP immediately transmits LLDP packets. You can configure a delay time to avoid frequent transmission of LLDP packets caused by
frequent changes of local information.
LLDP provides two types of packets:



Standard LLDP packet, which contains management and configuration information about the local device.



Shutdownpacket:WhentheLLDP work mode isdisabled or theport isshut down, LLDP Shutdown packetswillbe transmitted.
A Shutdown packet consists of the Chassis ID TLV,Port ID TLV,Time ToLive TLV,and End OF LLDP TLV.TTL in the Time to Live TLV
is0.WhenadevicereceivesanLLDPShutdownpacket,itconsidersthattheneighborinformationisinvalidand immediately
deletes it.

When the LLDP work mode is changed fromdisabled or Rx toTxRx orTx, or when LLDP discoversa new neighbor (that is,a device
receivesanewLLDPpacketandtheneighborinformationisnot storedlocally),thefasttransmissionmechanismisstartedsothatthe
neighbor quickly learns the device information. The fast transmission mechanism enables a device to transmit multiple LLDP packets
at an interval of 1 second.
Related Configuration



Configuring the LLDP Work Mode

The default work mode is TxRx.
Run the lldp mode txrx or lldpmode txcommand to enable the LLDP packet transmission function. Run the lldp mode rx or no lldp
mode command to disable the LLDP packet transmission function.
Inorder toenableLLDP packet reception, setthe work mode toTxRx or Rx Only. If the work mode isset toRx Only, the devicecan only
receive LLDP packets.



Configuring the LLDP Transmission Delay

The default LLDP transmission delay is 2 seconds.
Run the lldp timer tx-delay command to change the LLDP transmission delay.
Ifthe delay isset toa very smallvalue, the frequent change of local informationwill cause frequenttransmission of LLDP packets.If
the delay is set to a very laFSe value, no LLDP packet may be transmitted even if local information is changed.



Configuring the LLDP Transmission Interval

The default LLDP transmission interval is 30 seconds.
Run the lldp timer tx-interval command to change the LLDP transmission interval.
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Iftheinterval issettoa very smallvalue, LLDP packetsmaybe transmittedfrequently. Ifthe interval isset toavery laFSe value,the
peer may not discover the local device in time.



Configuring the TLVs to Be Advertised

By default, an interface is allowed to advertise TLVs of all types except Location Identification TLV.
Run the lldp tlv-enable command to change the TLVs to be advertised.



Configuring the LLDP Fast Transmission Count

By default, three LLDP packets are fast transmitted.
Run the lldp fast-count command to change the number of LLDP packets that are fast transmitted.
34.3.3 LLDP Reception Mechanism

A device can discover the neighbor and determine whether to age the neighbor information according to received LLDP packets.
Working Principle
A device can receive LLDP packets when working in TxRx or Rx Only mode. After receiving an LLDP packet, a device conducts validity
check.After thepacketpasses thecheck,thedevicecheckswhether the packetcontainsinformation about anew neighbor or about
an existing neighbor and stores the neighbor information locally.The device sets theTTL of neighbor information according to the
value of TTL TLV in the packet. If the value of TTL TLV is 0, the neighbor information is aged immediately.
Related Configuration



Configuring the LLDP Work Mode

The default LLDP work mode is TxRx.
Run the lldp mode txrx or lldp mode rx command to enable the LLDP packet reception function. Run the lldp mode tx or no lldp
mode command to disable the LLDP packet reception function.
Inorder toenableLLDP packet reception, setthe work mode toTxRx or Rx Only. If the work mode isset toTx Only, the devicecan only
transmit LLDP packets.

34.4 Configuration
Configuration

Description and Command
(Optional) It is used to enable or disable the LLDP function in global or interface configuration

Configuring the LLDP Function

Configuring the LLDP Work
Mode

Configuring the TLVs to Be
Advertised
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mode.
lldp enable

Enables the LLDP function.

no lldp enable

Disables the LLDP function.

(Optional) It is used to configure the LLDP work mode.
lldp mode {rx | tx | txrx }

Configures the LLDP work mode.

no lldp mode

Shuts down the LLDP work mode.

(Optional) It is used to configure the TLVs to be advertised.
lldp tlv-enable

Configures the TLVs to be advertised.
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Configuration

Description and Command
no lldp tlv-enable

Cancels TLVs.

(Optional) It is used to configure the management address to be advertised in LLDP packets.
Configures the Management
Address to Be Advertised

lldp management-address-tlv [ip-address]
no lldp management-address-tlv

Configures the management address to be
advertised in LLDP packets.
Cancels the management address.

(Optional) It is used to configure the number of LLDP packets that are fast transmitted.
Configuring the LLDP Fast
Transmission Count

lldp fast-count value
no lldp fast-count

Configures the LLDP fast transmission count.
Restores the default LLDP fast transmission
count.

(Optional) It is used to configure the TTL multiplier and transmission interval.
ConfiguringtheTTLMultiplier
and Transmission Interval

Configuring the Transmission
Delay

Configuring the Initialization
Delay

lldp hold-multiplier value

Configures the TTL multiplier.

no lldp hold-multiplier

Restores the default TTL multiplier.

lldp timer tx-interval seconds

Configures the transmission interval.

no lldp timer tx-interval

Restores the default transmission interval.

(Optional) It is used to configure the delay time for LLDP packet transmission.
lldp timer tx-delay seconds

Configures the transmission delay.

no lldp timer tx-delay

Restores the default transmission delay.

(Optional) It is used to configure the delay time for LLDP to initialize on any interface.
lldp timer reinit-delay seconds

Configures the initialization delay.

no lldp timer reinit-delay

Restores the default initialization delay.

(Optional) It is used to configure the LLDP Trap function.
Configuring the LLDP Trap
Function

lldp notification remote-change enable

Enables the LLDP Trap function.

no lldp notification remote-change enable

Disables the LLDP Trap function.

lldp timer notification-interval

Configuresthe LLDPTraptransmissioninterval.

no lldp timer notification-interval

Configuring the LLDP Error
Detection Function

Restores the default LLDP Trap transmission
interval.

(Optional) It is used to configure the LLDP error detection function.
lldp error-detect

Enables the LLDP error detection function.

no lldp error-detect

Disables the LLDP error detection function.

(Optional) It is used to configure the LLDP encapsulation format.
Configuring the LLDP
Encapsulation Format

lldp encapsulation snap
no lldp encapsulation snap

Configuring the LLDP Network
Policy
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Sets the LLDP encapsulation format to SNAP.
Sets the LLDP encapsulation format to Ethernet
II.

(Optional) It is used to configure the LLDP Network Policy.
lldp network-policy profile profile-num

Configures an LLDP Network Policy.

no lldp network-policy profile profile-num

Deletes an LLDP Network Policy.
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Configuration

Description and Command
(Optional) It is used to configure the civic address of a device.
{ country | state | county | city | division |
neighborhood | street-group |
leading-street-dir | trailing-street-suffix |
street-suffix | number | street-number-suffix |
landmark | additional-location-information |

Configures the civic address of a device.

name | postal-code | building | unit | floor |
room | type-of-place |
Configuring the Civic Address

postal-community-name | post-office-box |
additional-code } ca-word
no { country | state | county | city | division |
neighborhood | street-group |
leading-street-dir | trailing-street-suffix |
street-suffix | number | street-number-suffix |
landmark | additional-location-information |

Deletes civic address of a device.

name | postal-code | building | unit | floor |
room | type-of-place |
postal-community-name | post-office-box |
additional-code } ca-word
(Optional) It is used to configure the emeFSency telephone number of a device.
Configuring the EmeFSency

lldp location elin identifier id elin-location

ConfigurestheemeFSency telephone numberof

Telephone Number

tel-number

a device.

no lldp location elin identifier id

device.

(Optional) It is used to ignore PVID detection.

Configuring the Function of
Ignoring PVID Detection

Deletes the emeFSency telephone number of a

lldp ignore pvid-error-detect

Enables the function of ignoring PVID detection.

no lldp ignore pvid-error-detect

Disables the function of ignoring PVID detection.

(Optional) It is used to configure the type of the management address in the LLDP packets.
Configuring the Type of the
Management Address in the
LLDP Packets

lldp management-address-tlv global-ip type

Specifying the type of the management address

{interface | loopback}

in the LLDP packets.

no lldp management-address-tlv global-ip

Restores the default type of the management

type

address in the LLDP packets.

34.4.1 Configuring the LLDP Function

Configuration Effect



Enable or disable the LLDP function.

Notes



To make the LLDP function take effect on an interface, you need to enable the LLDP function globally and on the interface.
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Configuration Steps



Optional.



Configure the LLDP function in global or interface configuration mode.

Verification
Display LLDP status



Check whether the LLDP function is enabled in global configuration mode.



Check whether the LLDP function is enabled in interface configuration mode.

Related Commands



Enabling the LLDP Function

Command

lldp enable

Parameter

N/A

Description
Command

Global configuration mode/Interface configuration mode

Mode
Usage Guide

The LLDP function takes effect on an interface only after it is enabled in global configuration mode and interface
configuration mode.



Disabling the LLDP Function

Command

no lldp enable

Parameter

N/A

Description
Command

Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Disabling the LLDP Function

Configuration

Disable the LLDP function in global configuration mode.

Steps
FS(config)#no lldp enable

Verification

Display global LLDP status.
FS(config)#show lldp status
Global status of LLDP: Disable

Common Errors



If the LLDP function is enabled on an interface but disabled in global configuration mode, the LLDP function does not take
effect on theinterface.
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A port can learn a maximum of five neighbors.



If a neighbor does not support LLDP but it is connected to an LLDP-supported device, a port may learn information about the
device that is not directly connected to the port because the neighbor may forward LLDP packets.

34.4.2 Configuring the LLDP Work Mode

Configuration Effect



If you set the LLDP work mode to TxRx, the interface can transmit and receive packets.



IfyousettheLLDPworkmode toTx, theinterfacecanonly transmitpacketsbut cannot receivepackets.



IfyousettheLLDPworkmodetoRx,theinterfacecanonlyreceivepacketsbutcannot transmitpackets.



If you disable the LLDP work mode, the interface can neither receive nor transmit packets.

Notes



LLDP runs on physical ports (AP member ports for AP ports). Stacked ports and VSL ports do not support LLDP.

Configuration Steps



Optional.



Set the LLDP work mode to Tx or Rx as required.

Verification
Display LLDP status information on an interface



Check whether the configuration takes effect.

Related Commands



Configuring the LLDP Work Mode

Command

lldp mode { rx | tx | txrx }

Parameter

rx: Only receives LLDPDUs.

Description

tx: Only transmits LLDPDUs.
txrx: Transmits and receives LLDPDUs.

Command

Interface configuration mode

Mode
Usage Guide

Tomake LLDP take effect on an interface, make sure to enable LLDP globally and set the LLDP work mode on the
interface to Tx, Rx or TxRx.



Disabling the LLDP Work Mode

Command

no lldp mode

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide
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Configuration Example



Configuring the LLDP Work Mode

Configuration

Set the LLDP work mode to Tx in interface configuration mode.

Steps
FS(config)#interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)#lldp mode tx

Verification

Display LLDP status information on the interface.
FS(config-if-GigabitEthernet 0/1)#show lldp status interface gigabitethernet 0/1
Port [GigabitEthernet 0/1]
Port statusofLLDP

: Enable

Port state

: UP

Port encapsulation

: Ethernet II

Operational mode

: TxOnly

Notification enable

: NO

Error detect enable

:YES

Number of neighbors

0

Number of MED neighbors

0

34.4.3 Configuring the TLVs to Be Advertised

Configuration Effect



Configure the type of TLVs to be advertised to specify the LLDPDUs in LLDP packets.

Notes



If you configure the all parameter for the basic managementTLVs,IEEE 802.1 oFSanizationally specific TLVs,and IEEE 802.3
oFSanizationally specific TLVs, all optional TLVs of these types are advertised.



If you configure the all parameter for the LLDP-MEDTLVs, all LLDP-MEDTLVs except Location Identification TLV are advertised.



If you want to configure the LLDP-MED Capability TLV, configure the LLDP 802.3 MAC/PHY TLV first; If you want to cancel the
LLDP 802.3 MAC/PHY TLV, cancel the LLDP-MED Capability TLV first.



If you want to configure LLDP-MED TLVs, configure the LLDP-MED Capability TLV before configuring other types of LLDP-MED
TLVs.If youwant to cancel LLDP-MEDTLVs,cancelthe LLDP-MED CapabilityTLVbefore canceling other types of LLDP-MED TLVs
If a device is connected to an IP-Phone that supports LLDP-MED, you can configure the Network Policy TLV to push policy
configuration to the IP-Phone.



If a device supports the DCBX function by default, ports of the device are not allowed to advertise IEEE 802.3 oFSanizationally
specific TLVs and LLDP-MED TLVs by default.

Configuration Steps
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Optional.



Configure the type of TLVs to be advertised on an interface.

Verification
Display the configuration of TLVs to be advertised on an interface



Check whether the configuration takes effect.

Related Commands



Configuring TLVs to Be Advertised

Command

lldp tlv-enable { basic-tlv { all | port-description | system-capability | system-description | system-name }
|dot1-tlv { all | port-vlan-id | protocol-vlan-id [ vlan-id ] | vlan-name [ vlan-id ] } |dot3-tlv { all | link-aggregation |
mac-physic | max-frame-size | power } | med-tlv { all | capability | inventory | location { civic-location | elin }
identifier id | network-policy profile [ profile-num ] | power-over-ethernet } }

Parameter

basic-tlv: Indicates the basic management TLV.

Description

port-description: Indicates the Port Description TLV.
system-capability: Indicates the System Capabilities TLV.
system-description:Indicates the System DescriptionTLV.
system-name: Indicates the System Name TLV.
dot1-tlv: Indicates the IEEE 802.1 oFSanizationally specific TLVs.
port-vlan-id: Indicates the Port VLAN ID TLV.
protocol-vlan-id: Indicates the Port And Protocol VLAN ID TLV.
vlan-id: Indicates the Port Protocol VLAN ID, ranging from 1 to 4,094.
vlan-name: Indicates the VLAN Name TLV.
vlan-id: Indicates the VLAN name, ranging from 1 to 4,094.
dot3-tlv: Indicates the IEEE 802.3 oFSanizationally specific TLVs.
link-aggregation: Indicates the Link Aggregation TLV.
mac-physic: Indicates the MAC/PHY Configuration/Status TLV.
max-frame-size: Indicates the Maximum Frame Size TLV.
power: Indicates the Power Via MDI TLV.
med-tlv: Indicates the LLDP MED TLV.
capability: Indicates the LLDP-MED Capabilities TLV.
Inventory: Indicates the inventory management TLV, which contains the hardware version, firmware version,
software version, SN, manufacturer name, module name, and asset identifier.
location: Indicates the Location Identification TLV.
civic-location: Indicates the civic address information and postal information.
elin: Indicates the emeFSency telephone number.
id: Indicates the policy ID, ranging from1 to 1,024.
network-policy: Indicates the Network Policy TLV.
profile-num: Indicates the Network Policy ID, ranging from 1 to 1,024.
power-over-ethernet: Indicates the Extended Power-via-MDI TLV.

Command

Interface configuration mode

Mode
Usage Guide
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Canceling TLVs

Command

no lldp tlv-enable {basic-tlv { all | port-description | system-capability | system-description | system-name } |
dot1-tlv { all | port-vlan-id | protocol-vlan-id | vlan-name } | dot3-tlv { all | link-aggregation | mac-physic |
max-frame-size | power } | med-tlv { all | capability | inventory | location { civic-location | elin } identifier id |
network-policy profile [ profile-num ] | power-over-ethernet } }

Parameter

basic-tlv: Indicates the basic management TLV.

Description

port-description: Indicates the Port Description TLV.
system-capability: Indicates the System Capabilities TLV.
system-description:Indicates the System DescriptionTLV.
system-name: Indicates the System Name TLV.
dot1-tlv: Indicates the IEEE 802.1 oFSanizationally specific TLVs.
port-vlan-id: Indicates the Port VLAN ID TLV.
protocol-vlan-id: Indicates the Port And Protocol VLAN ID TLV.
vlan-name: Indicates the VLAN Name TLV.
dot3-tlv: Indicates the IEEE 802.3 oFSanizationally specific TLVs.
link-aggregation: Indicates the Link Aggregation TLV.
mac-physic: Indicates the MAC/PHY Configuration/Status TLV.
max-frame-size: Indicates the Maximum Frame Size TLV.
power: Indicates the Power Via MDI TLV.
med-tlv: Indicates the LLDP MED TLV.
capability: Indicates the LLDP-MED Capabilities TLV.
Inventory: Indicates the inventory management TLV, which contains the hardware version, firmware version,
software version, SN, manufacturer name, module name, and asset identifier.
location: Indicates the Location Identification TLV.
civic-location: Indicates the civic address information and postal information.
elin: Indicates the emeFSency telephone number.
id: Indicates the policy ID, ranging from1 to 1,024.
network-policy: Indicates the Network Policy TLV.
profile-num: Indicates the Network Policy ID, ranging from 1 to 1,024.
power-over-ethernet: Indicates the Extended Power-via-MDI TLV.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring TLVs to Be Advertised

Configuration

Cancel the advertisement of the IEEE 802.1 oFSanizationally specific Port And Protocol VLAN ID TLV.

Steps
FS(config)#interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)#no lldp tlv-enable dot1-tlv protocol-vlan-id

Verification

www.fs.com

Display LLDP TLV configuration in interface configuration mode.
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FS(config-if-GigabitEthernet 0/1)#show lldp tlv-config interface gigabitethernet 0/1
LLDP tlv-config of port [GigabitEthernet 0/1]
NAME

STATUS DEFAULT

------------------------------ ------ ------Basic optional TLV:
PortDescriptionTLV

YES

System Name TLV
SystemDescriptionTLV
System Capabilities TLV

YES
YES

YES

YES

YES

ManagementAddressTLV

YES

YES

YES

YES

IEEE 802.1 extend TLV:
Port VLAN ID TLV
Port And Protocol VLAN ID TLV

YES
NO

YES
YES

VLAN NameTLV

YES

YES

IEEE 802.3 extend TLV:
MAC-Physic TLV

YES

YES

Power via MDI TLV

YES

YES

Link Aggregation TLV

YES

YES

MaximumFrame SizeTLV

YES

YES

LLDP-MED extend TLV:
Capabilities TLV

YES

Network Policy TLV
Location IdentificationTLV
Extended Power via MDI TLV
Inventory TLV

YES

YES
NO

YES

NO

YES

YES
YES

YES

34.4.4 Configures the Management Address to Be Advertised

Configuration Effect



Configure the management address to be advertised in LLDP packets in interface configuration mode.



Afterthemanagementaddresstobeadvertisediscancelled,themanagementaddressinLLDPpacketsissubjecttothedefault
settings.
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Notes



LLDP runs on physical ports (AP member ports for AP ports). Stacked ports and VSL ports do not support LLDP.

Configuration Steps



Optional.



Configure the management address to be advertised in LLDP packets in interface configuration mode.

Verification
Display LLDP information on a local interface



Check whether the configuration takes effect.

Related Commands



Configuring the Management Address to Be Advertised

Command

lldp management-address-tlv [ ip-address ]

Parameter

ip-address: Indicates the management address to be advertised in an LLDP packet.

Description
Command

Interface configuration mode

Mode
Usage Guide

A management address is advertised through LLDP packets by default. The management address is the IPv4 address
oftheminimumVLANsupportedbytheport.IfnoIPv4addressisconfiguredfortheVLAN,LLDPkeeps searchingfor
the qualified IP address.
If no IPv4 address is found, LLDP searches for the IPv6 address of the minimum VLAN supported by the port.
If no IPv6 address is found, the loopback address 127.0.0.1 is used as the management address.



Canceling the Management Address

Command

no lldp management-address-tlv

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Amanagementaddressisadvertisedthrough LLDPpacketsbydefault. ThemanagementaddressistheIPv4
addressoftheminimumVLANsupportedbytheport.IfnoIPv4addressisconfiguredfortheVLAN,LLDPkeeps
searching for the qualified IP address.
If no IPv4 address is found, LLDP searches for the IPv6 address of the minimum VLAN supported by the port.
If no IPv6 address is found, the loopback address 127.0.0.1 is used as the management address.

Configuration Example



Configuring the Management Address to Be Advertised

Configuration

Set the management address to 192.168.1.1 on an interface.

Steps
FS(config)#interface gigabitethernet 0/1
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FS(config-if-GigabitEthernet 0/1)#lldp management-address-tlv 192.168.1.1

Verification

Display configuration on the interface.
FS(config-if-GigabitEthernet 0/1)#show lldp local-information interface GigabitEthernet 0/1
Lldp local-information of port [GigabitEthernet 0/1]
Port ID type

: Interface name

Port id

: GigabitEthernet 0/1

Port description

: GigabitEthernet 0/1

Management address subtype

: ipv4

Management address

: 192.168.1.1

Interface numbering subtype

: ifIndex

Interface number
Object identifier

1
:

802.1 oFSanizationally information
PortVLANID
Port and protocol VLAN ID(PPVID)

1
1

PPVID Supported

:YES

PPVIDEnabled

:NO

VLANnameofVLAN1
Protocol Identity

: VLAN0001
:

802.3 oFSanizationally information
Auto-negotiation supported

:YES

Auto-negotiation enabled

:YES

PMDauto-negotiationadvertised

: 1000BASE-T full duplex mode, 100BASE-TX full duplex mode, 100BASE-TX

half duplex mode, 10BASE-T full duplex mode, 10BASE-T half duplex mode
Operational MAUtype
PoE support

:NO

Link aggregation supported

:YES

Link aggregation enabled

:NO

Aggregation port ID
Maximum frame Size
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LLDP-MED oFSanizationally information
Power-via-MDI device type

:PD

Power-via-MDI power source
Power-via-MDI power priority

: Local
:

Power-via-MDI power value
Modelname

:
: Model name

34.4.5 Configuringthe LLDP Fast Transmission Count

Configuration Effect



Configure the number of LLDP packets that are fast transmitted.

Configuration Steps



Optional.



Configure the number of LLDP packets that are fast transmitted in global configuration mode.

Verification
Displaying the global LLDP status information



Check whether the configuration takes effect.

Related Commands



Configuring the LLDP Fast Transmission Count

Command

lldp fast-count value

Parameter

value: Indicates the number of LLDP packets that are fast transmitted. The value ranges from 1 to 10. The default

Description

value is 3.

Command

Global configuration mode

Mode
Usage Guide



N/A

Restoring the Default LLDP Fast Transmission Count

Command

no lldp fast-count

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the LLDP Fast Transmission Count
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Configuration

Set the LLDP fast transmission count to 5 in global configuration mode.

Steps
FS(config)#lldp fast-count 5

Verification

Display the global LLDP status information.
FS(config)#show lldp status
GlobalstatusofLLDP

: Enable

Neighbor information last changed time :
Transmit interval

: 30s

Hold multiplier

4

Reinit delay

: 2s

Transmitdelay

: 2s

Notification interval
Fast start counts

: 5s
5

34.4.6 Configuring the TTL Multiplier and Transmission Interval

Configuration Effect



Configure the TTL multiplier.



Configure the LLDP packet transmission interval.

Configuration Steps



Optional.



Perform the configuration in global configuration mode.

Verification
Display LLDP status information on an interface



Check whether the configuration takes effect.

Related Commands



Configuring the TTL Multiplier

Command

lldp hold-multiplier value

Parameter

value: Indicates the TLL multiplier. The value ranges from 2 to 10. The default value is 4.

Description
Command

Global configuration mode

Mode
Usage Guide

In an LLDP packet. the value of Time To Live TLV is calculated based on the following formula: Time to Live TLV= TTL
multiplier x Packet transmission interval + 1. Therefore, you can modify theTime to LiveTLVin LLDP packets by
configuring the TTL multiplier.
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Restoring the Default TTL Multiplier

Command

no lldp hold-multiplier

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

In an LLDP packet, the value of Time To Live TLV is calculated based on the following formula: Time to Live TLV = TTL
multiplier x Packet transmission interval + 1. Therefore, you can modify theTime to LiveTLVin LLDP packets by
configuring the TTL multiplier.



Configuring the Transmission Interval

Command

lldp timer tx-interval seconds

Parameter

seconds: Indicates the LLDP packet transmission interval. The value ranges from 5 to 32,768.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Restoring the Default Transmission Interval

Command

no lldp timer tx-interval

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the TTL Multiplier and Transmission Interval

Configuration

Set the TTL multiplier to 3 and the transmission interval to 20 seconds. The TTL of local device information on

Steps

neighbors is 61 seconds.
FS(config)#lldp hold-multiplier 3
FS(config)#lldp timer tx-interval 20

Verification

Display the global LLDP status information.
FS(config)#lldp hold-multiplier 3
FS(config)#lldp timer tx-interval 20
FS(config)#show lldp status
GlobalstatusofLLDP

: Enable

Neighbor information last changed time :
Transmit interval
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Hold multiplier

:3

Reinit delay

:2s

Transmit delay

:2s

Notification interval
Fast start counts

:5s
:3

34.4.7 Configuring the Transmission Delay

Configuration Effect



Configure the delay time for LLDP packet transmission.

Configuration Steps



Optional.



Perform the configuration in global configuration mode.

Verification
Displaying the global LLDP status information



Check whether the configuration takes effect.

Related Commands



Configuring the Transmission Delay

Command

lldp timer tx-delay seconds

Parameter

seconds: Indicates the transmission delay. The value ranges from 1 to 8,192.

Description
Command

Global configuration mode

Mode
Usage Guide

Whenlocal information of a device changes, the device immediately transmits LLDP packets to its neighbors.
Configure the transmission delay to prevent frequent transmission of LLDP packets caused by frequent changes of
local information.



Restoring the Default Transmission Delay

Command

no lldp timer tx-delay

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

When local information of a device changes, the device immediately transmits LLDP packets to its neighbors.
Configure the transmission delay to prevent frequent transmission of LLDP packets caused by frequent changes of
local information.

Configuration Example
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Configuring the Transmission Delay

Configuration

Set the transmission delay to 3 seconds.

Steps
FS(config)#lldp timer tx-delay 3

Verification

Display the global LLDP status information.
FS(config)#show lldp status
GlobalstatusofLLDP

: Enable

Neighbor information last changed time :
Transmit interval

: 30s

Hold multiplier

4

Reinit delay

: 2s

Transmitdelay

: 3s

Notification interval
Fast start counts

: 5s
3

34.4.8 Configuring the Initialization Delay

Configuration Effect



Configure the delay time for LLDP to initialize on any interface.

Configuration Steps



Optional.



Configure the delay time for LLDP to initialize on any interface.

Verification
Display the global LLDP status information



Check whether the configuration takes effect.

Related Commands



Configuring the Initialization Delay

Command

lldp timer reinit-delay seconds

Parameter

seconds: Indicates the initialization delay . The value ranges from 1 to 10 seconds.

Description
Command

Global configuration mode

Mode
Usage Guide

Configure the initialization delay to prevent frequent initialization of the state machine caused by frequent changes
of the port work mode.
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Restoring the Default Initialization Delay

Command

no lldp timer reinit-delay

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Configure the initialization delay to prevent frequent initialization of the state machine caused by frequent changes
of the port work mode.

Configuration Example



Configuring the Initialization Delay

Configuration

Set the initialization delay to 3 seconds.

Steps
FS(config)#lldp timer reinit-delay 3

Verification

Display the global LLDP status information.
FS(config)#show lldp status
: Enable

GlobalstatusofLLDP
Neighbor information last changed time :
Transmit interval

: 30s

Hold multiplier

4

Reinit delay

: 3s

Transmitdelay

: 2s

Notification interval
Fast start counts

: 5s
3

34.4.9 Configuring the LLDP Trap Function

Configuration Effect



Configure the interval for transmitting LLDP Trap messages.

Configuration Steps



Enabling the LLDP Trap Function



Optional.



Perform the configuration in interface configuration mode.



Configuring the LLDP Trap Transmission Interval



Optional.
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Perform the configuration in global configuration mode.

Verification
Display LLDP status information



Check whether the LLDP Trap function is enabled.



Check whether the interval configuration takes effect.

Related Commands



Enabling the LLDP Trap Function

Command

lldp notification remote-change enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The LLDP Trap function enables a device to send its local LLDP information (such as neighbor discovery and
communication link fault) to the NMS server so that administrators learn about the network performance



Disabling the LLDP Trap Function

Command

no lldp notification remote-change enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The LLDP Trap function enables a device to send its local LLDP information (such as neighbor discovery and
communication link fault) to the NMS server so that administrators learn about the network performance.



Configuring the LLDP Trap Transmission Interval

Command

lldp timer notification-interval seconds

Parameter

seconds:IndicatestheintervalfortransmittingLLDPTrapmessages.Thevaluerangesfrom5to3,600seconds.The

Description

default value is 5 seconds.

Command

Global configuration mode

Mode
Usage Guide

Configure the LLDP Trap transmission interval to prevent frequent transmission of LLDP Trap messages. LLDP
changes detected within this interval will be transmitted to the NMS server.



Restoring the LLDP Trap Transmission Interval

Command

no lldp timer notification-interval

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Configure the LLDP Trap transmission interval to prevent frequent transmission of LLDP Trap messages. LLDP
changes detected within this interval will be transmitted to the NMS server.
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Configuration Example



Enabling the LLDP Trap Function and Configuring the LLDP Trap Transmission Interval

Configuration

Enable the LLDP Trap function and set the LLDP Trap transmission interval to 10 seconds.

Steps
FS(config)#lldp timer notification-interval 10
FS(config)#interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)#lldp notification remote-change enable

Verification

Display LLDP status information.
FS(config-if-GigabitEthernet 0/1)#show lldp status
GlobalstatusofLLDP

: Enable

Neighbor information last changed time :
Transmit interval

: 30s

Hold multiplier

4

Reinit delay

: 2s

Transmitdelay

: 2s

Notification interval

: 10s

Faststart counts

3

-----------------------------------------------------------Port [GigabitEthernet 0/1]
-----------------------------------------------------------Port statusofLLDP

: Enable

Port state

: UP

Port encapsulation

: Ethernet II

Operational mode

: RxAndTx

Notification enable

:YES

Error detect enable

:YES

Number of neighbors

0

Number of MED neighbors

0

34.4.10 Configuring the LLDP Error Detection Function

Configuration Effect



Enable the LLDP error detection function. When LLDP detects an error, the error is logged.



Configure the LLDP error detection function to detectVLAN configuration at both ends of a link, port status, aggregate port
configuration, MTU configuration, and loops.
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Notes
N/A
Configuration Steps



Optional.



Enable or disable the LLDP error detection function in interface configuration mode.

Verification
Display LLDP status information on an interface



Check whether the configuration takes effect.

Related Commands



Enabling the LLDP Error Detection Function

Command

lldp error-detect

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

TheLLDPerrordetectionfunctionreliesonspecificTLVsinLLDPpacketsexchangedbetweendevicesatbothendsof
a link. Therefore, a device needs to advertise correct TLVs to ensure the LLDP error detection function.



Disabling the LLDP Error Detection Function

Command

no lldp error-detect

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

TheLLDPerrordetectionfunctionreliesonspecificTLVsinLLDPpacketsexchangedbetweendevicesatbothendsof
a link. Therefore, a device needs to advertise correct TLVs to ensure the LLDP error detection function.

Configuration Example



Enabling the LLDP Error Detection Function

Configuration

Enable the LLDP error detection function on interface GigabitEthernet 0/1.

Steps
FS(config)#interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)#lldp error-detect

Verification

Display LLDP status information on the interface.
FS(config-if-GigabitEthernet 0/1)#show lldp status interface gigabitethernet 0/1
Port [GigabitEthernet 0/1]
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Port status of LLDP

:Enable

Portstate

:UP

Port encapsulation

:EthernetII

Operational mode

: RxAndTx

Notification enable

:NO

Error detect enable

:YES

Numberof neighbors

:0

Number of MED neighbors

:0

34.4.11 Configuring the LLDP Encapsulation Format

Configuration Effect



Configure the LLDP encapsulation format.

Configuration Steps



Optional.



Configure the LLDP encapsulation format on an interface.

Verification
Display LLDP status information of an interface



Check whether the configuration takes effect.

Related Commands



Setting the LLDP Encapsulation Format to SNAP

Command

lldp encapsulation snap

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



The LLDP encapsulation format configuration on a device and its neighbors must be consistent.

Restoring the Default LLDP Encapsulation Format (Ethernet II)

Command

No lldp encapsulation snap

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The LLDP encapsulation format configuration on a device and its neighbors must be consistent.

Configuration Example
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Setting the LLDP Encapsulation Format to SNAP

Configuration

Set the LLDP encapsulation format to SNAP.

Steps
FS(config)#interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)#lldp encapsulation snap

Verification

Display LLDP status information on the interface.
FS(config-if-GigabitEthernet 0/1)#show lldp status interface gigabitethernet 0/1
Port [GigabitEthernet 0/1]
Port statusofLLDP

: Enable

Port state

: UP

Port encapsulation

: Snap

Operational mode

: RxAndTx

Notification enable

: NO

Error detect enable

:YES

Number of neighbors

0

Number of MED neighbors

0

34.4.12 Configuring the LLDP Network Policy

Configuration Effect



Configure the LLDP Network Policy.



If a device is connected to an IP-Phone that supports LLDP-MED, you can configure the Network Policy TLVto push policy
configurationtotheIP-Phone,,whichenablestheIP-Phonetochange thetagand QoSofvoicestreams.InadditiontotheLLDP
Network Policy, perform the following steps on the device: 1. Enable theVoiceVLAN function and add the port connected tothe
IP-Phone totheVoiceVLAN. 2. Configurethe port connected tothe IP-Phone asa QoStrusted port (thetrustedDSCP mode is
recommended). 3. If 802.1X authentication is also enabled on the port, configure a secure channel for the packets from the
VoiceVLAN. If the IP-Phone does not support LLDP-MED, enable the voiceVLAN function and add theMAC address of the
IP-Phone to the Voice VLAN OUI list manually.



For the configuration of the QoS trust mode, see Configuring IP QoS; for the configuration of the Voice VLAN, see Configuring
Voice VLAN; for the configuration of the secure channel, see Configuring ACL.

Configuration Steps



Optional.



Configure the LLDP Network Policy.

Verification
Displaying the LLDP network policy configuration.
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Check whether the configuration takes effect.

Related Commands



Configuring the LLDP Network Policy

Command

lldp network-policy profile profile-num

Parameter

profile-num: Indicates the ID of an LLDP Network Policy. The value ranges from 1 to 1,024.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to enter the LLDP network policy mode after specifying a policy ID.
Afterentering theLLDP networkpolicy mode, runthe {voice | voice-signaling}vlan command toconfigure a
specific network policy.



Deleting the LLDP Network Policy

Command

no lldp network-policy profile profile-num

Parameter

profile-num: Indicates the LLDP Network Policy ID. The value ranges from 1 to 1,024.

Description
Command

Interface configuration mode

Mode
Usage Guide

Run this command to enter the LLDP network policy mode after specifying a policy ID.
Afterentering theLLDP networkpolicy mode, runthe {voice | voice-signaling}vlan command toconfigure a
specific network policy.

Configuration Example



Configuring the LLDP Network Policy

Configuration

Set the Network Policy TLVto 1 forLLDP packets to be advertised by port GigabitEthernet 0/1 and set theVLAN ID of

Steps

the Voice application to 3, COS to 4, and DSCP to 6.
FS#config
FS(config)#lldp network-policy profile 1
FS(config-lldp-network-policy)# voice vlan 3 cos 4
FS(config-lldp-network-policy)# voice vlan 3 dscp 6
FS(config-lldp-network-policy)#exit
FS(config)# interface gigabitethernet 0/1
FS(config-if-GigabitEthernet 0/1)# lldp tlv-enable med-tlv network-policy profile 1

Verification

Display the LLDP network policy configuration on the local device.
network-policy information:
-------------------------network policy profile :1
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voice vlan 3 cos 4
voice vlan 3 dscp 6

34.4.13 Configuring the Civic Address

Configuration Effect



Configure the civic address of a device.

Configuration Steps



Optional.



Perform this configuration in LLDP Civic Address configuration mode.

Verification
Display the LLDP civic address of the local device



Check whether the configuration takes effect.

Related Commands



Configuring the Civic Address of a Device

Command

Configure the LLDP civic address. Use the no option to delete the address.
{country|state| county| city| division|neighborhood |street-group|leading-street-dir |
trailing-street-suffix | street-suffix | number | street-number-suffix | landmark |
additional-location-information | name | postal-code | building | unit | floor | room | type-of-place |
postal-community-name | post-office-box | additional-code } ca-word

Parameter

country: Indicates the country code, with two characters. CH indicates China.

Description

state: Indicates the CA type is 1.
county: Indicates that the CA type is 2.
city: Indicates that the CA type is 3.
division:IndicatesthattheCAtypeis4.
neighborhood: Indicates that the CA type is 5.
street-group: Indicates that the CA type is 6.
leading-street-dir: Indicates that the CA type is 16.
trailing-street-suffix: Indicates that the CA type is 17.
street-suffix: Indicates that the CA type is 18.
number: Indicates that the CA type is 19.
street-number-suffix: Indicates that the CA type is 20.
landmark: Indicates that the CA type is 21.
additional-location-information: Indicates that the CA type is 22.
name: Indicates that the CA type is 23.
postal-code: Indicates that the CA type is 24.
building: Indicates that the CA type is 25.
unit: Indicates that the CA type is 26.
floor: Indicates that the CA type is 27.
room: Indicates that the CA type is 28.
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type-of-place: Indicates that the CA type is 29.
postal-community-name: Indicates that the CA type is 30.
post-office-box: Indicates that the CA type is 31.
additional-code: Indicates that the CA type is 32.
ca-word: Indicates the address.
Command

LLDP Civic Address configuration mode

Mode
Usage Guide



After entering the LLDP Civic Address configuration mode, configure the LLDP civic address.

Deleting the Civic Address of a Device

Command

no{country| state|county |city| division|neighborhood | street-group| leading-street-dir|
trailing-street-suffix | street-suffix | number | street-number-suffix | landmark |
additional-location-information | name | postal-code | building | unit | floor | room | type-of-place |
postal-community-name | post-office-box | additional-code }

Parameter

N/A

Description
Command

LLDP Civic Address configuration mode

Mode
Usage Guide



After entering the LLDP Civic Address configuration mode, configure the LLDP civic address.

Configuring the Device Type

Command

device-type device-type

Parameter

device-type: Indicates the device type. The value ranges from 0 to 2. The default value is 1.

Description

0 indicates that the device type is DHCP server.
1 indicates that the device type is switch.
2 indicates that the device type is LLDP MED .

Command

LLDP Civic Address configuration mode

Mode
Usage Guide



After entering the LLDP Civic Address configuration mode, configure the device type.

Restoring the Device Type

Command

no device-type

Parameter

N/A

Description
Command

LLDP Civic Address configuration mode

Mode
Usage Guide

After entering the LLDP Civic Address configuration mode, restore the default settings.

Configuration Example



Configuring the Civic Address of a Device

Configuration

Set the address of port GigabitEthernet 0/1 as follows: set country to CH, city to Fuzhou, and postal code to 350000.

Steps
FS#config
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FS(config)#lldp location civic-location identifier 1
FS(config-lldp-civic)# countryCH
FS(config-lldp-civic)# city Fuzhou
FS(config-lldp-civic)# postal-code 350000

Verification

Display the LLDP civic address of port GigabitEthernet 0/1 1.
civic location information:
-------------------------Identifier

1

country

:CH

device type

1

city

:Fuzhou

postal-code

350000

34.4.14 Configuring the EmeFSency Telephone Number

Configuration Effect



Configure the emeFSency telephone number of a device.

Configuration Steps



Optional.



Perform this configuration in global configuration mode.

Verification
Display the emeFSency telephone number of the local device



Check whether the configuration takes effect.

Related Commands



Configuring the EmeFSency Telephone Number of a Device

Command

lldp location elin identifier id elin-location tel-number

Parameter

id: Indicates the identifier of an emeFSency telephone number. The value ranges from 1 to 1,024.

Description

tel-number: Indicates emeFSency telephone number, containing 10-25 characters.

Command

Global configuration mode

Mode
Usage Guide



Run this command to configure the emeFSency telephone number.

Deleting the EmeFSency Telephone Number of a Device

Command

no lldp location elin identifier id

Parameter

id: Indicates the identifier of an emeFSency telephone number. The value ranges from 1 to 1,024.
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Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the EmeFSency Telephone Number of a Device

Configuration

Set the emeFSency telephone number of port GigabitEthernet 0/1 to 085285555556.

Steps
FS#config
FS(config)#lldp location elin identifier 1 elin-location 085283671111

Verification

Display the emeFSency telephone number of port GigabitEthernet 0/1.
elin location information:
------------------------Identifier
elin number

1
085283671111

34.4.15 Configuring the Function of Ignoring PVID Detection

Configuration Effect



Ignores the PVID detection.

Configuration Steps



Optional.



According to the real condition, select whether to enable the function..

Verification
Display the LLDP information.



Check whether the status of PVID detection in global LLDP is the same as your configuration.

Related Commands



Ignoring PVID Detection

Command

lldp ignore pvid-error-detect

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Use the command to ignore PVID detection.

Configuration Example
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Configuring the Function of Ignoring PVID Detection

Configuration

Ignores PVID detection in global configuration mode.

Steps
FS#config
FS(config)#lldp ignore pvid-error-detect

Verification

Display the global LLDP information.
uijie(config)#show lldp status
GlobalstatusofLLDP

: Enable

Neighbor information last changed time :
Transmit interval

: 30s

Hold multiplier

4

Reinit delay

: 2s

Transmitdelay

: 2s

Notification interval
Faststart counts
IgorePVID errordetect

: 5s
5
: YES

34.4.16 Configuring the Type of the Management Address in LLDP Packets

Configuration Effect



Changes the priority order of the addresses chosen to be the management address in LLDP packets.



Restores the default priority order of the addresses chosen to be the management address.

Notes



LLDP runs on physical ports (AP member ports for AP ports). Stacked ports and VSL ports do not support LLDP.

Configuration Steps



Optional.



Configure the type of the management address in LLDP packets.

Verification



Display the management address in LLDP packets.



Check whether the candidate addresses are chosen as the management address in the configured order.

Related Commands



Configuring the Type of the Management Address in LLDP Packets

Command

lldp management-address-tlv global-ip type { interface | loopback }

Parameter

interface: Uses the IP address of the interface as the management address.
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Description

loopback: Uses the IP address of the Loopback interface as the management address.

Command

Global configuration mode

Mode
Usage Guide

By default, the management address in LLDP packets is chosen in the following order: the configured management
address for LLDP packets, the IP address of the MGMT port, the IP address of the SVI (IP address of the routed port),
the local IP address 127.0.0.1, and the MAC address of the system.

If the interface parameter is adopted, the management address, in the order of priority, is: the configured LLDP
address for LLDP packets, the IP address of the SVI (IP address of the routed port), the local IP address 127.0.0.1, and
the MAC address of the system.

If the loopback parameter is adopted, the management address, in the order of priority, is: the configured LLDP
address for LLDP packets, the IP address of the Loopback port, the local IP address 127.0.0.1, and the MAC address of
the system.



Restoring the Default Priority Order of Candidate Addresses

Command

{no | default} lldp management-address-tlv global-ip

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

By default, the management address in LLDP packets is chosen in the following order: the configured management
address for LLDP packets, the IP address of the MGMT port, the IP address of the SVI (IP address of the routed port),
the local IP address 127.0.0.1, and the MAC address of the system.

Configuration Example



Configuring the Type of the Management Address in LLDP Packets

Configuration

Uses the IP address of the interface as the management address.

Steps
FS(config)#lldp management-address-tlv global-ip type interface
Verification

ConfiguretheIPaddressofMGMTport,and displaytheLLDP configurationinformation.Themanagement addressis
the IP address of MGMT port.
FS(config)#show lldp local-information int gi1/0/1
LLDP local-information of port [TenGigabitEthernet 1/0/1]
---------------------------------------------------------------------------Port ID type
Port ID
Port description

Management address subtype
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Management address

: 172.30.32.217

Interface numbering subtype

: ifIndex

Interface number
Object identifier

8194
:

802.1 oFSanizationally information
Port VLAN ID

1

Port and protocol VLAN ID(PPVID)

0

PPVID Supported

: YES

PPVIDEnabled

:NO

VLANnameofVLAN1

: VLAN0001

Protocol Identity

:

Usethe IPaddress of the interfaceas the management address,and display theLLDP configurationinformation. The
management address is the IP address of the SVI.
FS(config)# lldp management-address-tlv global-ip type interface
FS(config)#show lldp local-information int gi1/0/1
LLDP local-information of port [TenGigabitEthernet 1/0/1]
---------------------------------------------------------------------------Port ID type

: Interface name

Port ID

: TenGigabitEthernet1/0/1

Port description

: TenGigabitEthernet1/0/1

Management address subtype

: ipv4

Management address

: 172.30.32.235

Interface numbering subtype

: ifIndex

Interface number
Object identifier

4097
:

802.1 oFSanizationally information
Port VLAN ID
Port and protocol VLAN ID(PPVID)

0

PPVID Supported

: YES

PPVIDEnabled

:NO

VLANnameofVLAN1

www.fs.com
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Protocol Identity

:

Use the IP address of the Loopback interface as the management address, and display the LLDP configuration
information. The management address is the IP address of the Loopback interface.
FS(config)# lldp management-address-tlv global-ip type loopback
FS(config)#show lldp local-information int gi1/0/1
LLDP local-information of port [TenGigabitEthernet 1/0/1]
---------------------------------------------------------------------------Port ID type

: Interface name

Port ID

: TenGigabitEthernet1/0/1

Port description

: TenGigabitEthernet1/0/1

Management address subtype

: ipv4

Management address

: 7.1.1.1

Interface numbering subtype

: ifIndex

Interface number

16385

Object identifier

:

802.1 oFSanizationally information
Port VLAN ID

1

Port and protocol VLAN ID(PPVID)

0

PPVID Supported

: YES

PPVIDEnabled

:NO

VLANnameofVLAN1
Protocol Identity

: VLAN0001
:

34.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears LLDP statistics.

clear lldp statistics [ interface interface-name ]

Clears LLDP neighbor information.

clear lldp table [ interface interface-name ]

Displaying
Description

Command

Displays LLDP information on the local show lldp local-information [ global | interface interface-name ]
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Description

Command

device,whichwillbe oFSanizedasTLVs
and sent to neighbors.
Displays the LLDP civic address or

showlldplocation{civic-location|elin-location}{identifierid|interfaceinterface-name

emeFSency telephone number of a local

| static }

device.
Displays LLDP information on a

show lldp neighbors [ interface interface-name ] [ detail ]

neighbor.
Displays the LLDP network policy

show lldp network-policy { profile [ profile-num ] | interface interface-name }

configurationofthelocaldevice.
Displays LLDP statistics.

show lldp statistics [ global | interface interface-name ]

Displays LLDP status information.

show lldp status [ interface interface-name ]

Displays the configuration of TLVsto be

show lldp tlv-config [interface interface-name ]

advertised by a port.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs LLDP error processing.

debug lldp error

Debugs LLDP event processing.

debug lldp event

Debugs LLDP hot backup processing.

debug lldp ha

Debugs the LLDP packet reception.

debug lldp packet

Debugs the LLDP state machine.

debug lldp stm

35 Configuring QinQ
35.1 Overview
QinQ is used to insert a public virtual local area network (VLAN) tag into a packet with a privateVLAN tag to allow the double-tagged
packet to be transmitted over a service provider (SP) network.
Users on a metropolitan area network (MAN) must be separated by VLANs. IEEE 802.1Q supports only 4,094 VLANs, far from enough.
Through the double-tag encapsulation provided by QinQ, a packet is transmitted over the SP network based on the unique outer
VLANtagassignedbythepublicnetwork.Inthisway,privateVLANscanbereused,whichincreasesthenumberofavailableVLAN
tags and provides a simple Layer-2 virtual private network (VPN) feature.
Figure 13-1 shows the double-tag insertion process.The entrance to an SP network is called a dot1q-tunnel port, orTunnel port for
short. All frames entering provider edges (PEs) are considered untagged. All tags, whether untagged frames or frames with customer
VLAN tags, are encapsulated with the tags of the SP network. The VLAN ID of the SP network is the ID of the default VLAN for the
Tunnel port.
Figure 13-1 Outer Tag Encapsulation
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Protocols and Standards



IEEE 802.1ad

35.2 Applications
Application

Description

Implementing Layer-2 VPN Through

Data is transmitted from Customer A and Customer B to the peer end without conflict on the SP

Port-Based Basic QinQ

network even if the data comes from the same VLAN.

ImplementingLayer-2VPNandService

Outer tags are inserted into frames flexibly based on different customer VLANs to achieve

Flow Management Through C-TAG-Based

Layer-2 VPN, segregate service flows (e.g., broadband Internet access and IPTV), and implement

Selective QinQ

various QoS policies. Customer tag (C-TAG)-based QinQ is more flexible than port-based QinQ.

Implementing Layer-2 VPN and Service

The different service flows, such as broadband Internet access and IPTV, are segregated based

FlowManagementThroughACL-Based

on accesscontrol lists (ACLs). Different QoS policiesare applied toservice flows through

Selective QinQ

selective QinQ.

Implementing VLAN Aggregation for

Different service flows (PC, IPTV, and VoIP) are transmitted through differentVLANs.The VLANs

Different Services Through VLAN

areaggregatedon acampus network sothat only oneVLAN isusedtocarry thesameservice

Mapping

flows, thus saving VLAN resources.

Implementing QinQ-Based Layer-2

Customer Network A and Customer Network B in different areas can perform unified Multiple

Transparent Transmission

Spanning Tree Protocol (MSTP) calculation or VLAN deployment across the SP network without
affecting the SP network.

35.2.1 Implementing Layer-2 VPN Through Port-Based Basic QinQ

Scenario
An SP provides the VPN service to Customer A and Customer B.



Customer A and Customer B belong to different VLANs on the SP network and achieve communication through respective SP
VLANs.



The VLANs of Customer A and Customer B are transparent to the SP network. The VLANs can be reused without conflicts.



The Tunnel port encapsulates a native VLAN tag in each packet. Packets are transmitted through the native VLAN over the SP
network without impact on the VLANs of Customer A and Customer B, thus implementing simple Layer-2 VPN.

www.fs.com

446

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Figure 13-2

Remarks

Customer A1 and Customer A2 are the customer edges (CEs) for Customer A network. Customer B1 and Customer B2 are
the CEs for Customer B network.
Provider A and Provider B are the PEs on the SP network. Customer A and Customer B access the SP network through
Provider A and Provider B.
The VLAN of Customer A ranges from 1 to100.
The VLAN of Customer B ranges from 1 to 200.

Deployment



Enable basic QinQ on PEs to implement Layer-2 VPN.



Thetagprotocolidentifiers(TPIDs)usedbymanyswitches(includingFSswitches)aresetto0x8100, buttheswitchesofsome
vendors do not use 0x8100. In the latter case, you need to change theTPID value on theUplink ports of PEs tothe values of the
TPIDs used by third-party switches.



Configurepriorityreplicationandprioritymappingforclassofservice(CoS)ontheTunnel portsofPEs,andconfiguredifferent
QoS policies for different service flows (for details, see Configuring QoS).

35.2.2 Implementing Layer-2 VPN and Service Flow Management Through C-TAG-Based Selective QinQ

Scenario
BasicQinQencapsulatesanouter tagofthenativeVLANinapacket.That is,theencapsulationofouter tagsdependsonthenative
VLANonTunnel ports. SelectiveQinQencapsulates anouter tagina packet basedon itsinner tagtoimplementVPNtransparent
transmission and apply QoS policies flexibly.



Broadband Internet access and IPTV are important services carried by MANs. The SPs manage different service flows through
different VLANs and provides QoS policies for the VLANs or CoS. You can enable C-TAG-based QinQ on PEs to encapsulate outer
VLAN tags in the service flows to achieve transparent transmission based on the QoS policies of the SP network.



Important services and regular services are separated within different VLAN ranges. The customer can transmit service flows
transparentlyoveranSPnetworkthroughC-TAG-basedselectiveQinQandensurepreferentialtransmissionofimportant
service flows by using the QoS policies of the SP network.

In Figure 13-3, the CEs are aggregated by the floor switches inside residential buildings. The broadband Internet access and IPTV
services are segregated by VLANs with different QoS policies.



The service flows of broadband Internet access and IPTV are transmitted transparently by different VLANs over the SP network.
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The SP network provides QoS policies based on VLANs or CoS. On the PEs, you can encapsulate an outer tag in the service flow
based on its inner VLAN tag or set a CoS to ensure preferential transmission of service flows over the SP network.



TheCoSvaluesofservicepacketscanbechangedthroughprioritymappingorreplicationsothattheQoS policiesoftheSP
network are applied flexibly.

Figure 13-3

Remarks

CE 1 and CE 2 access the SP network through PE1 and PE2.
On CE 1 and CE 2, the broadband Internet access flows are transmitted through VLAN 1–100, and IPTV flows are transmitted
through VLAN 101–200.
PE 1 and PE 2 are configured with Tunnel ports and VLAN mappings to segregate service flows.

Deployment



Configure C-TAG-based selective QinQ on the ports (G0/1) of PE 1 and PE 2 connected to CE 1 and CE 2 respectively to realize
the segregation and transparent transmission of service flows.



IftheSPnetworkprovidesQoSpoliciesbasedonVLANsorCoS,you canencapsulateanoutertagintheserviceflowbasedon
itsinner tag or seta CoS through priority replication or mapping on PE 1and PE2 toensure preferential transmission of service
flows over the SP network.

35.2.3 Implementing Layer-2 VPN and Service Flow Management Through ACL-Based Selective QinQ

Scenario
The service flows from the customer network may be classified by MAC address, IP address, or protocol type, instead of by VLAN. The
customernetworkmaycontainmany low-end accessdevices unabletosegregateserviceflowsbyVLANIDs.Inthepreceding two
situations, the packets from the customer network cannot be encapsulated with outer tags based on their inner tags to realize
transparent transmission and implement QoS policies. Service flows may be classified by MAC address, IP address, or protocol type
through ACLs. Selective QinQ uses ACLs to segregate service flows and add or modify outer tags in order to implement Layer-2 VPN
and QoS policies based on different service flows.
In Figure 13-4, different VLANs are configured on PE 1 and PE 2 to transmit different service flows classified through ACLs. If the SP
network provides QoS policies based on different services, certain services can be transmitted preferentially.



Outer VLAN tags are encapsulated based on different service flows. The service flows of a customer network can be transmitted
transparently, and its branch offices can access each other.



The SP network provides QoS policies based on the VLAN tags or CoS values to ensure preferential transmission of certain
service flows.

Figure 13-4
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Remarks

CE 1 and CE 2 access the SP network through PE1 and PE2.
PE 1 and PE 2 classify flows based on ACLs: ACL 1 matches the Point-to-Point Protocol over Ethernet (PPPoE) flows, and ACL
2 matches the IPTV flows.
PE 1 and PE 2 are configured with Tunnel ports, as well as outer tag encapsulation policies applicable to service flows
recognized by different ACLs.

Deployment



Configure ACLs on PE 1 and PE 2 to segregate service flows.



Configure ACL-based selective QinQ on the ports (G0/1) of PE 1 and PE 2 connected to CE 1 and CE 2 respectively to realize the
segregation and transparent transmission of service flows.



IftheSPnetworkprovidesQoSpoliciesbasedonVLANsorCoS,you canencapsulateanoutertagintheserviceflowbasedon
itsinner tag or seta CoS through priority replication or mapping on PE 1and PE2 toensure preferential transmission of service
flows over the SP network.

35.2.4 Implementing VLAN Aggregation for Different Services Through VLAN Mapping

Scenario
The different service flows of different users are segregated on a campus network.



The different service flows are transmitted through different VLANs on the home gateway.



The same service flows from different users are segregated on the floor switch.



The same service flows from different users are sent by a campus switch through one single VLAN.
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Figure 13-5

Remarks

PC, IPTV, and VoIP are different user services.
Switch A and Switch B are the gateway devices of different users.
Switch C is a floor switch.
Switch D is a campus switch.

Deployment



On the home gateway devices, configure VLANs for different services to segregate service flows. For example, configure VLAN
10 for the PC service, VLAN 11 for IPTV, and VLAN 12 for VoIP.



Onthe ports of thefloor switch (Switch D)connected to the home gateway devices,configureVLAN mapping tosegregate the
service flows of different users.



On the campus switch, configure VLAN mapping to segregate the service flows.



Through the preceding deployment, the different service flows of different users are segregated.

35.2.5 Implementing QinQ-Based Layer-2 Transparent Transmission

Scenario
The Layer-2 transparent transmission between customer networks has no impact on the SP network.



The Layer-2 packets on customer networks are transparent to SP networks and can be transmitted between the customer
networks without impact on the SP networks.

www.fs.com

450

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Figure 13-6

Remarks

Customer S1 and Customer S2 access the SP network through Provider S1 and Provider S2.
Provider S1 and Provider S2 are enabled with Layer-2 transparent transmission globally, and the Gi 0/1 and Gi 0/10 ports
are enabled with Layer-2 transparent transmission.

Deployment



On the ports of the PEs (Provider S1 and Provider S2) connected to Customer S1 and Customer S2 respectively, configure Layer-2
transparent transmission between Customer Network A1 and Customer Network A2 without impact on the SP network.



Configure STP transparent transmission based on user requirements to realize transparent transmission of bridge protocol data
unit (BPDU) packets between Customer Network A1 and Customer Network A2 and to perform unified MSTP calculation across
the SP network.



Configure GARP VLAN Registration Protocol (GVRP) transparent transmission based on user requirements to realize transparent
transmission of GVRP packets between Customer Network A1 and Customer Network A2 and dynamic VLAN configuration on
the customer networks across the SP network.

35.3 Features
Basic Concepts



Basic QinQ

Configure basic QinQ on a Tunnel port and configure a native VLAN for the port. Packets entering the port are encapsulated with
outer tags containing the native VLAN ID. Basic QinQ does not segregate service flows and cannot encapsulate packets flexibly based
on VLANs.



Selective QinQ

Selective QinQ is classified into two types: selective QinQ based on C-TAGs and selective QinQ based on ACLs.
In C-TAG-based selective QinQ, outer tags are encapsulated in packets based on the inner tags to segregate service flows and realize
transparent transmission.
In ACL-based selective QinQ, outer tags are encapsulated in packets based on the ACLs to segregate service flows.
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TPID

An Ethernet frame tag consists of four fields: TPID, User Priority, Canonical Format Indicator (CFI), and VLAN ID.
By default, the TPID is 0x8100 according to IEEE802.1Q. On the switches of some vendors, the TPID is set to 0x9100 or other values. The
TPIDconfiguration aimsto ensure that theTPIDs of packets tobe forwarded are compatible withthe TPIDs supported by third-party
switches.



Priority Mapping and Priority Replication

Thedefault valueof UserPriorityinEthernet frametags is0,indicating regular flows.Youcan setthisfieldtoensurepreferential
transmission of certain packets. You can specify User Priority by setting the value of CoS in a QoS policy.
Priorityreplication:If theSPnetworkprovides aQoS policycorrespondingtoaspecifiedCoSinthe inner tag, you canreplicatethe
CoS of the inner tag to the outer tag to enable transparent transmission based on the QoS policy provided by the SP network.
Priority mapping: If the SP network provides various QoS policies corresponding to specified CoS values for different service flows, you
can map the CoS value of the inner tag tothe CoS value of the outer tag to ensure preferential transmission of service flows based on
the QoS policies provided by the SP network.



Layer-2 Transparent Transmission

STP and GVRP packets may affect the topology of the SP network. If you want to unify the topology of two customer networks
separatedbytheSPnetworkwithoutaffectingtheSPnetworktopology,transmittheSTPandGVRPpacketsfromthecustomer
networks over the SP network transparently.
Overview
Feature

Description

Basic QinQ

Configures the Tunnel port and specifies whether packets sent from the port are tagged.

Selective QinQ

Encapsulates different outer tags in data flows based on ACLs.

VLAN Mapping

Replaces the inner tags of packets with outer tags, and then restores the outer tags to inner tags based on the
same rules.

TPID Configuration

By default, the TPID is 0x8100 according to IEEE802.1Q. On the switches of some vendors, the TPIDs of outer
tagsaresetto0x9100orothervalues.TheTPIDconfigurationaimstoensurethattheTPIDsofpacketstobe
forwarded are compatible with the TPIDs supported by third-party switches.

MAC Address Replication

InACL-basedselectiveQinQ,theVLAN IDsfortheMACaddressesthat switcheslearn belongtothenative
VLAN. If VLAN conversion is implemented based on ACLs, upon receiving packets from the peer end, the local
endmay failtoquery MACaddresses,causingaflood.Toaddressthisproblem, MACaddressreplicationis
provided to replicate the MAC addresses of the native VLAN to the VLAN where the outer tag is located.

Layer-2 Transparent

Transmits Layer-2 packets between customer networks without impact on SP networks.

Transmission
Priority Replication

If the SP network provides a QoS policy corresponding to a specified CoS value in the inner tag, you can
replicatethe CoS of the inner tag to the outer tag to enable transparent transmission based on the QoS policy
provided by the SP network.

Priority Mapping

If the SP network provides various QoS policies corresponding to specified CoS values for different service
flows, you can map the CoS value of the inner tag to the CoS value of the outer tag to ensure preferential
transmission of service flows based on the QoS policies provided by the SP network.

35.3.1 Basic QinQ

Basic QinQ can be used to implement simple Layer-2 VPN, but it lacks flexibility in encapsulating outer tags.
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Working Principle
After a Tunnel port receives a packet, the switch adds the outer tag containing the default VLAN ID to the packet. If the received
packetalreadycarries aVLAN tag, itisencapsulatedas adouble-tagged packet.Ifitdoesnot have aVLAN tag, itisaddedwiththe
VLAN tag containing the default VLAN ID.
35.3.2 Selective QinQ

Selective QinQ adds different outer tags to data flows flexibly.
Working Principle
SelectiveQinQcanbe used toencapsulate differentouter tags based on inner tags,MAC addresses,protocol numbers, source
addresses, destination addresses, priorities, or the port numbers of applications. In this way, packets of different users, services, and
priorities are encapsulated with different outer VLAN tags.
You can configure the following selective QinQ policies:



Add an outer VLAN tag based on the inner VLAN tag.



Modifyan outerVLANtagbased ontheouterVLAN tag.



ModifyanouterVLANtagbasedontheinnerVLANtag.



Modify an outer VLAN tag based on the inner and outer VLAN tags.



Add an outer VLAN tag based on the ACL.



Modify an outer VLAN tag based on the ACL.



Modify an inner VLAN tag based on the ACL.

35.3.3 VLAN Mapping

Working Principle
The inner tag of a packet is replaced by an outer tag to allow the packet to be transmitted based on the public network topology.
When the packet is transmitted to the customer network, the outer tag is restored to the original inner tag based on the same rule.
VLAN mapping supports the following mapping rule:



1:1 VLAN mapping: Changes a VLAN ID to the specified VLAN ID.



1:1 VLAN Mapping Mode 1

1:1VLANmappingismainlyappliedonfloorswitchestousedifferentVLANstocarrythesameservicesfromdifferentusers,asshown
in Figure 13-7.
Figure 13-7



Configure the Downlink port with a VLAN mapping policy in the inbound direction to map the inner tag of the uplink flow to an
outer tag.
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Configure the Uplink port with a VLAN mapping policy in the outbound direction to map the outer tag of the downlink flow to
the original innertag.



1:1 VLAN Mapping Mode 2

Figure 13-8



Configure the Downlink port with a VLAN mapping policy in the inbound direction to map the inner tag of the uplink flow to an
outer tag.



For downstream data flows, Configure the Uplink port with a VLAN mapping policy in the inbound direction to the outer tag of
the downlink flow to the original inner tag.

35.3.4 TPID Configuration

Working Principle
An Ethernet frame tag consists of four fields, namely, TPID, User Priority, CFI, and VLAN ID. By default, the TPID is 0x8100 according to
IEEE802.1Q. On the switches of some vendors, the TPIDs of outer tags are set to 0x9100 or other values. The TPID configuration feature
allows you toconfigure TPIDs on ports, which will replace theTPIDs of the outer VLAN tags in packets with the configuredTPIDs to
realize TPIDcompatibility.
35.3.5 MAC Address Replication

Working Principle
In ACL-based selective QinQ, the MAC address learned by a switch belongs to the native VLAN. The Tunnel port tags the packet with
thespecifiedouterVLANIDbasedontheselectiveQinQpolicy.UponreceivingareplypacketcontainingthesameouterVLANtag,
the Tunnel port fails to find the MAC address in the outer VLAN as it is in the native VLAN, causing a flood.
Figure 13-9
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As in Figure 13-9, the customer network is connected to theTunnel port of the switch. Configured with nativeVLAN 4, the Tunnel port
tagsthe packet whose sourceMACaddress isAwithouterVLAN 5. Upon receiving apacket with inner tagVLAN 3 and sourceMAC
addressA,theswitchtagsthepacketwithouterVLAN5.BecausetheportisconfiguredwithnativeVLAN 4,MACaddressAislearned
by VLAN 4. Upon receiving the reply packet, the switch looks for MAC address A on VLAN 5 because the outer tag of the packet
contains VLAN ID 5. However, MAC address A is not learned by VLAN 5, causing floods.
Youcan configure theTunnel port to replicate the MAC address of the native VLAN to the outer VLAN to avoid continuous flooding of
thepackets from the SP network.Youcan also configure theTunnel port to replicate the MAC address of the outer VLAN for the outer
tag to the native VLAN to avoid continuous flooding of the packets from the customer network.
35.3.6 Layer-2 Transparent Transmission

Working Principle
The Layer-2 transparent transmission feature is designed to realize the transmission of Layer-2 packets between customer networks
withoutimpact on SP networks.WhenaLayer-2packet froma customer networkenters aPE, thePEchanges thedestination MAC
addressofthepackettoaprivateaddressbeforeforwardingthepacket.ThepeerPEchangesthedestinationMACaddresstoapublic
address to send the packet to the customer network at the other end, realizing transparent transmission on the SP network.
35.3.7 Priority Replication

Working Principle
IftheSPnetworkprovidesaQoSpolicycorrespondingtoaspecifiedUserPriority(CoS)intheinnertag,youcanreplicatetheCoSof
the inner tag to the outer tag to enable transparent transmission based on the QoS policy provided by the SP network.
35.3.8 PriorityMapping

Working Principle
If the SP network provides various QoS policies corresponding to specified CoS values for different service flows, you can map the CoS
value of the inner tag to the CoS value of the outer tag to ensure preferential transmission of service flows based on the QoS policies
provided by the SP network.

35.4 Limitations



The N8560 series products support four global Tag Protocol Identifier (TPID) values. One of the TPID values must be
0x8100, and the other three are random.

35.5 Configuration
Configuration

Description and Command
Mandatory.

Configuring QinQ

switchport mode dot1q-tunnel

Configures a Tunnel port.

switchport dot1q-tunnel allowed vlan { [ add ]

Adds the VLANs to the Tunnel port in tagged or

tagged vlist | [ add ] untagged vlist | remove vlist }

untagged mode.

switchport dot1q-tunnel native vlan VID
Configuring C-TAG-Based
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Configuration

Description and Command

Selective QinQ

QinQ prevails over basic QinQ.
dot1q outer-vid VID register inner-vid v_list

Configures the policy to add the VLAN IDs of
outer tags based on inner tags.

(Mandatory) It is used to configure ACL-based selective QinQ based on basic QinQ. Selective QinQ
prevails over basic QinQ.

Configuring ACL-Based
Selective QinQ

traffic-redirect access-group acl nested-vlan VID

Configures the policy to add the VLAN IDs of

in

outer tags based on ACLs.
(Mandatory) It is used to enable VLAN mapping.
Configures1:1VLAN mapping in theinbound

vlan-mapping-in vlan cvlan remark svlan

direction. This feature changes the inner VLAN
ID of the packet entering a port to a specified
outer VLAN ID.
Configures1:1VLANmappingintheoutbound

Configuring VLAN Mapping

vlan-mapping-out vlan svlan remark cvlan

direction. This feature changes the outer VLAN
ID of the packet exiting a port to a specified
inner VLAN ID.
Configures N:1VLAN mapping intheinbound

vlan-mapping-in vlan cvlan-list remark svlan

direction. This feature changes the inner VLAN
ID of the packet entering a port to a specified
outer VLAN ID.

(Optional) It is used to realize TPID compatibility.
Configures theTPID of a frame tag. If you want
Configuring TPIDs

to set it to 0x9100, configure the frame-tag
frame-tag tpid tpid

tpid 9100 command. By default, the TPID is in
hexadecimalformat.Youneedtoconfigurethis
feature on an egress port.

Configuring MAC Address
Replication

(Optional) It is used to configure MAC address replication to prevent floods.
mac-address-mapping x source-vlan src-vlan-list

Replicates the dynamic MAC address of the

destination-vlan dst-vlan-id

source VLAN to the destination VLAN.

(Optional) It isused toadjust theouter and inner VLAN tags of the packetstransmittedover SP
networks based on network topologies.
dot1q relay-vid VID translate local-vid v_list

Configuring an Inner/Outer
VLAN Tag Modification Policy

dot1q relay-vid VID translate inner-vid v_list

and Priority Replication
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of outer tags based on the outer tags.
Configures the policy to change the VLAN IDs
of outer tags based on inner tags.

dot1q new-outer-vlan VID translate

Configures the policy to change the VLAN IDs

old-outer-vlan vid inner-vlan v_list

of outer tags based on outer and inner tags.

traffic-redirect access-group acl outer-vlan VID in

Configuring Priority Mapping

Configures the policy to change the VLAN IDs

Configures the policy to change the VLAN IDs
of outer tags based on an ACL.

traffic-redirect access-group acl inner-vlan VID

Configures the policy to change the VLAN IDs

out

of inner tags based on an ACL.
(Optional) It is used to apply the QoS policy provided by the SP network by priority replication.

inner-priority-trust enable

Replicates the value of the User Priority field in
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Configuration

Description and Command
the inner tag (C-TAG)to the User Priority field of
the outer tag (S-TAG).
(Optional) It is used to apply the QoS policy provided by the SP network by priority mapping.
dot1q-Tunnel cos inner-cos-value remark-cos
outer-cos-value

Sets the value of the User Priority field in the
outertag(S-TAG)basedontheUserPriority
field of the inner tag (C-TAG).

(Optional) It is used to transmit MSTP and GVRP packets transparently based on the customer
network topology without affecting the SP network topology.
l2protocol-tunnel stp

Configuring Layer-2
Transparent Transmission

l2protocol-tunnel stp enable
l2protocol-tunnel gvrp
l2protocol-tunnel gvrp enable
l2protocol-tunnel{STP|GVRP}tunnel-dmac
mac-address

Enables STP transparent transmission in global
configuration mode.
Enables STP transparent transmission in
interface configuration mode.
Enables GVRP transparent transmission in
global configuration mode.
Enables GVRP transparent transmission in
interface configuration mode.
Configures a transparent transmission address.

Pay attention to the following limitations when you configure QinQ:
Do not configure a routed port as the Tunnel port.
Do not enable 802.1X on the Tunnel port.
Do not enable the port security function on the Tunnel port.
WhentheTunnelport isconfiguredasthesourceportoftheremoteswitchedportanalyzer(RSPAN),thepacketswhose outer
tags contain VLAN IDs consistent with the RSPAN VLAN IDs are monitored.
If you want to match the ACL applied to the Tunnel port with the VLAN IDs of inner tags, use the inner keyword.
Configure the egress port of the customer network connected to the SP network as an Uplink port. If you configure theTPID of
the outer tag on a QinQ-enabled port, set the TPID of the outer tag on the Uplink port to the same value.
By default,the maximum transmission unit (MTU) on aport is1,500 bytes. After addedwithan outerVLAN tag, apacket isfour
bytes longer. It is recommended to increase the port MTU on the SP networks to at least 1,504 bytes.
After a switch port is enabled with QinQ, you must enable SVGL sharing before enabling IGMP snooping. Otherwise, IGMP
snooping will not work on the QinQ-enabled port.
Ifapacketmatches twoor moreACL-basedselective QinQpolicieswithout priority,only one policyisexecuted. Itis
recommended to specify the priority.
35.5.1 Configuring QinQ

Configuration Effect



Implement Layer-2 VPN based on a port-based QinQ policy.

Notes



Itisnot recommended toconfigure the nativeVLAN of theTrunk port on thePE as itsdefaultVLAN, because theTrunk port
strips off the tags containing the native VLAN IDs when sending packets.

Configuration Steps
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Configuring the Tunnel port



(Mandatory) Configure the Tunnel port in interface configuration mode.



Run the switchport mode dot1q-tunnel command in interface configuration mode to configure the Tunnel port.

Command

switchport mode dot1q-tunnel

Parameter

N/A

Description
Defaults

By default, no Tunnel port is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring the Native VLAN



Mandatory.



Configure the native VLAN for the Tunnel port.



After you configure the native VLAN, add it to the VLAN list of the Tunnel port in untagged mode.



Runtheswitchport dot1q-tunnel nativevlanVIDcommandininterfaceconfigurationmode toconfigurethe defaultVLAN for
the Tunnelport.



If the native VLAN is added to the VLAN list in untagged mode, the outgoing packets on the Tunnel port are not tagged. If the
nativeVLAN is added to the VLAN list in tagged mode, the outgoing packets on theTunnel port are tagged with the native VLAN
ID. To ensure the uplink and downlink transmission, add the native VLAN to the VLAN list in untagged mode.

Command

switchport dot1q-tunnel native vlan VID

Parameter

VID: Indicates the ID of the native VLAN. The value ranges from 1 to 4,094. The default value is 1.

Description
Defaults

By default, the native VLAN is VLAN 1.

Command

Interface configuration mode

Mode
Usage Guide

Use this command to configure the VLAN of the SP network.



Adding the VLANs on the Tunnel port



Mandatory.



After you configure the native VLAN, add it to the VLAN list of the Tunnel port in untagged mode.



If port-based QinQ is enabled, you do not need to add the VLANs of the customer network to the VLAN list of the Tunnel port.



If selective QinQ is enabled, add theVLANs of the customer network to theVLAN list of theTunnel port in tagged or untagged
mode based onrequirements.



Run the switchport dot1q-tunnel allowed vlan { [ add ] tagged vlist | [ add ] untagged vlist | remove vlist } command in
interfaceconfiguration mode toaddVLANs totheVLAN listof theTunnel port.Upon receiving packetsfromcorresponding
VLANs, the Tunnel port adds or removes tags based on the settings.

Command

switchport dot1q-tunnel allowed vlan { [ add ] tagged vlist | [ add ] untagged vlist | remove vlist }

Parameter

v_list: Indicates the list of the VLANs on the Tunnel port.

Description
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Defaults

By default, VLAN 1 is added to the VLAN list of the Tunnel port in untagged mode. Other VLANs are not added.

Command

Interface configuration mode

Mode
Usage Guide

Usethis command toadd or remove VLANs on theTunnel port and specifywhether the outgoing packets aretagged or
untagged.
If basic QinQ is enabled, add the native VLAN to the VLAN list of the Tunnel port in untagged mode.

Verification
Check the Tunnel port configuration.



Check whether the Tunnel port is configured properly on a switch.

Configuration Example



Configuring Basic QinQ to Implement Layer-2 VPN

Scenario
Figure 13-10

Configuration
Steps




Configure Tunnel ports on the PEs and connect the CEs to the Tunnel ports.
ConfigurethenativeVLANs fortheTunnel portsandadd thenativeVLANstotheVLANlistsof theTunnel ports
respectively in untagged mode.



Configure VLANs on the customer networks based on requirements.

3

QinQ-enabled switches encapsulate outer tags in packets for transmission over the SP network. Therefore, you do
not need to configure customer VLANs on the PEs.

4

The TPID is 0x8100 by default according to IEEE802.1Q. On some third-party switches, the TPID is set to a different
value. If such switches are deployed, set theTPIDs on the ports connected to the third-party switches to realize
TPID compatibility.
If the PEs are connected through Trunk ports or Hybrid ports, do not configure the native VLANs for theTrunk ports
or Hybrid ports as the default VLANs for the Tunnel ports. The Trunk ports or Hybrid ports strip off the VLAN tags
containing the Native VLAN IDs when sending packets.

Provider A

Step 1: Create VLAN 10 and VLAN 20 on the SP network to segregate the data of Customer A and Customer B.
ProviderA#configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
ProviderA(config)#vlan 10
ProviderA(config-vlan)#exit
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ProviderA(config)#vlan 20
ProviderA(config-vlan)#exit
Step2: Enable basic QinQ on the port connected tothe network of Customer Ato useVLAN 10 for tunneling.
ProviderA(config)#interface gigabitEthernet 0/1
ProviderA(config-if-GigabitEthernet 0/1)#switchport mode dot1q-tunnel
ProviderA(config-if-GigabitEthernet 0/1)#switchport dot1q-tunnel native vlan 10
ProviderA(config-if-GigabitEthernet 0/1)#switchport dot1q-tunnel allowed vlan add untagged 10
Step3: Enable basic QinQ on the port connected tothe network of Customer B touseVLAN 20 for tunneling.
ProviderA(config)#interface gigabitEthernet 0/2
ProviderA(config-if-GigabitEthernet 0/2)#switchport mode dot1q-tunnel
ProviderA(config-if-GigabitEthernet 0/2)#switchport dot1q-tunnel native vlan 20
ProviderA(config-if-GigabitEthernet 0/2)#switchport dot1q-tunnel allowed vlan add untagged 20
Step 4: Configure an Uplink port.
ProviderA(config)# interface gigabitEthernet 0/5
ProviderA(config-if-GigabitEthernet 0/5)#switchport mode uplink
Step5: Change theTPIDofthe outgoingpacketson theUplinkport toavalue (for example, 0x9100)recognizableby
third-party switches.
ProviderA(config-if-GigabitEthernet 0/5)#frame-tag tpid 9100
Step 6: Configure Provider B by performing the same steps.
Verification

Customer A1 sends a packet containing VLAN ID 100 destined to Customer A2. The packet through Provider A is tagged
withthe outer tagspecified by theTunnel port.The packet that reaches Customer A2 carries theoriginal VLAN ID100.
Check whether the Tunnel port is configured correctly.
Check whether the TPID is configured correctly.

Provider A

ProviderA#show running-config
interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchport dot1q-tunnel allowed vlan add untagged 10
switchport dot1q-tunnel native vlan 10
spanning-tree bpdufilter enable
!
interface GigabitEthernet 0/2
switchport mode dot1q-tunnel
switchport dot1q-tunnel allowed vlan add untagged 20
switchport dot1q-tunnel native vlan 20
spanning-tree bpdufilter enable
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!
interface GigabitEthernet 0/5
switchport mode uplink
frame-tag tpid 0x9100
ProviderA#show interfaces dot1q-tunnel

========Interface Gi0/1========
Native vlan: 10
Allowed vlan list:1,10,
Tagged vlan list:

========Interface Gi0/2========
Native vlan: 20
Allowed vlan list:1,20,
Tagged vlan list:
ProviderA#show frame-tag tpid
Ports

Tpid

------- ------------Gi0/5
Provider B

0x9100

Check Provider B by performing the same steps.

Common Errors



The native VLAN is not added to the VLAN list of the Tunnel port in untagged mode.



NoTPID isconfigured on the port connectedtothe third-partyswitchon whichTPID is not 0x8100. As a result,packets cannot
be recognized by the third-party switch.

35.5.2 Configuring C-TAG-Based Selective QinQ

Configuration Effect



Encapsulate outer VLAN tags (S-TAGs) in packets based on inner tags to ensure preferential transmission and management of
Layer-2 VPN and service flows.

Notes



C-TAG-based selective QinQ must be configured based on basic QinQ.



Some selective QinQ policies are not supported on some products due to limitations of chips.



If you need to continue to adopt the VLAN tag priority specified by the customer network, you can configure priority replication
to configure an outer tag the same as the inner tag.



If the SP network requires the transmission of packets based on the priority of the outer tag, you need to configure priority
replication to set the CoS of the outer tag to the specified value.
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Configuration Steps



Configuring a Policy to Add the VLAN IDs of Outer Tags Based on Inner Tags



Mandatory.



Upon receiving a packet, theTunnel port adds theVLAN ID of the outer tag based on theVLAN ID of the inner tag.This function
enables the Tunnel port to add the VLAN ID of the inner tag to the outer tag and adds the port to the VLAN in untagged mode.
In this way, the outgoing packets carry the original inner tags.

5

The ACL-based QinQ policy prevails over the port-based and C-TAG-based QinQ policy.

6

When a member port is added to or removed from an aggregate port (AP), the QinQ policy configured on the AP port will be
deleted.Youneed to configure the policy again. It is recommended that you configure a selective QinQ policy on the AP port
after you configure its member ports.
Youmust configure the Tunnel port and the port connected to the public network to permit packets with specified VLAN IDs
(including the native VLAN ID) in the outer tag to pass through.

Command

dot1q outer-vid VID register inner-vid v_list

Parameter

N/A

Description
Defaults

By default, no policy is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Check whether the users within the VLANs can communicate with each other.



Check whether Layer-2 VPN is implemented.



Checkwhether different servicetrafficistransmittedbased on theselective QinQpolicy,suchas outertag insertion, priority
replication, and prioritymapping.

Configuration Example



Implementing Layer-2 VPN and Service Flow Management Through C-TAG-Based Selective QinQ

Scenario
Figure 13-11

Configuration
Steps
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Configure the ports on PE 1 and PE 2 connected to CE 1 and CE 2 as Tunnel ports.
Configure a selective QinQ policy to add an outer tag to the packet based on its inner tag.
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If the SP network provides aVLAN-based QoS policy,the policy enables the port to add the outer tags withthe
corresponding VLAN ID to the specified service flow packets.



IftheSPnetworkprovidesaCoS-basedQoSpolicyand theCoSvalue isthesameasthatoftheinner tag,you can
configure priority mapping to replicate the CoS value of the inner tag to the outer VLAN tag so that the packet is
transmitted based on the priority policy for the inner tag.



IftheSPnetworkprovidesaCoS-basedQoSpolicy,youcanconfigureprioritymappingtosettheCoSvalue of the
outer VLAN tag to a specified value so that the packet is transmitted based on the priority policy.

PE1

Step 1: Configure the VLAN for transparent transmission.
PE1#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
PE1(config)#vlan 100
PE1(config-vlan)#exit
PE1(config)#vlan 200
PE1(config-vlan)#exit
Step2: On the Downlink port of the accessswitch, configure a selective QinQ policy toadd outer tags based on inner
tags.
Configure port Gi 0/1 as a Tunnel port.
PE1(config)#interface gigabitEthernet 0/1
PE1(config-if)# switchport mode dot1q-tunnel
AddVLAN 101 and VLAN 201 of the SP to the VLAN list of theTunnel port and configure the Tunnel port to strip off the
outer tag from incoming packets.
PE1(config-if)# switchport dot1q-tunnel allowed vlan add untagged 100,200
ConfiguretheTunnel port toadd outer tagVLAN 100 toincomingdata framescontaining inner tagVLAN 1–100.
PE1(config-if)# dot1q outer-vid 100 register inner-vid 1-100
ConfiguretheTunnel port toaddouter tagVLAN 200 toincomingdataframescontaining innertagVLAN 101-200.
PE1(config-if)# dot1q outer-vid 200 register inner-vid 101-200
Step3:ConfiguretheportthataccessestheSPnetworkasanUplinkport.
PE1(config)# interface gigabitEthernet 0/2
PE1(config-if-GigabitEthernet 0/2)#switchport mode uplink

PE2
Verification



Perform the same configuration on PE 2.

Verify the configuration by checking whether:


The Downlink port is configured as a Tunnel port.



The VLAN specified by the outer tag is added to the VLAN list of the Tunnel port.



The selective QinQ policy on the Tunnel port is correct.



The Uplink port is configured correctly.

Step 1: Check whether the VLAN mapping policy is correct.
PE1
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interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchportdot1q-tunnelallowed vlanadd untagged100,200
dot1q outer-vid 100 register inner-vid 1-200
dot1q outer-vid 200 register inner-vid 101-200
spanning-tree bpdufilter enable
!
Step 2: Check the C-TAG-based selective QinQ policy. Check whether the mapping relationship between the inner and
outer VLAN tags is correct.
PE1#show registration-table

Ports

Type

Outer-VID

------

----------

---------- --------------

Inner-VID-list

Gi0/1

Add-outer

100

1-200

Gi0/1

Add-outer

200

101-200

35.5.3 Configuring ACL-Based Selective QinQ

Configuration Effect



Encapsulate outer VLAN tags (S-TAGs) in packets based on the ACL-based flow classification to allow the SP network to manage
different services.

Notes



ACL-based selective QinQ must be configured based on basic QinQ.



Some selective QinQ policies are not supported on some products due to limitations of chips.



If you need to continue to adopt the VLAN tag priority specified by the customer network, you can configure priority replication
to configure an outer tag the same as the inner tag.



If the SP network requires the transmission of packets based on the priority of the outer tag, you need to configure priority
replication to set the CoS of the outer tag to the specified value.

7

The ACL-based QinQ policy prevails over the port-based and C-TAG-based QinQ policy.

8

When an ACL is deleted, the related policy will be automatically deleted.

9

Upon receiving a packet with two or more tags, theTunnel port cannot add an outer tag to the packet based on the ACL-based
selective QinQ policy.

10

Ifa packetmatchestwoormoreACL-based selectiveQinQpolicieswithout priority,only onepolicyisexecuted. Itis
recommended to specify the priority.
Youmust configure the Tunnel port and the port connected to the public network to permit packets with specified VLAN IDs
(including the native VLAN ID) in the outer tag to pass through.

Configuration Steps
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Configuring a Policy to Add the VLAN IDs of Outer Tags Based on ACLs



Mandatory.



The Tunnel port adds outer tags with different VLAN IDs to incoming packets based on the packet content.

Command

traffic-redirect access-group acl nested-vlan VID in

Parameter

N/A

Description
Defaults

By default, no policy is added.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Checkwhether theusersof thesame serviceindifferent branchoffices cancommunicate witheach other and whether
specified service data is transmitted preferentially through virtual private LAN segment (VPLS) configuration.



Check whether Layer-2 VPN is implemented.



Checkwhetherdifferentservicetrafficistransmittedbasedon theselectiveQinQpolicy,suchasouter taginsertion, priority
replication, and prioritymapping.

Configuration Example



Implementing Layer-2 VPN and Service Flow Management Through ACL-Based Selective QinQ

Scenario
Figure 13-12

Configuration
Steps






Configure the ports on PE 1 and PE 2 connected to CE 1 and CE 2 as Tunnel ports.
Configure ACL policies on PE 1 and PE 2 to segregate the service flows from the customer network.
On the Tunnel ports, configure a selective QinQ policy to add an outer tag to the packet based on ACL policies.
IftheSPnetworkprovidesaVLAN-basedQoSpolicy,thepolicyenablestheporttoaddthecorrespondingVLAN ID
to the outer tags of the specified service flow.



If the SP network provides a CoS-based QoS policy, you can configure priority mapping to set the CoS value of the
outer VLAN tag to a specified value so that the packet is transmitted based on the priority policy.

PE 1

Step 1: Create an ACL to permit flows of PPPoE type (0x8863/0x8864) and IPoE type (0x0800) to pass through.
PE1#configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
PE1(config)# expert access-list extended acl1
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PE1(config-exp-nacl)# permit 0x8863 any any
PE1(config-exp-nacl)# permit 0x8864 any any
PE1(config-exp-nacl)#exit
PE1(config)# expert access-list extended acl2
PE1(config-exp-nacl)#permit 0x0800 any any
Step 2: Configure VLAN 100 and VLAN 200 on the SP network to segregate data.
PE#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
PE1(config)#vlan 100
PE1(config-vlan)#exit
PE1(config)#vlan 200
PE1(config-vlan)#exit
Step3: Onthe Downlink port of the accessswitch, configure aselective QinQpolicy toadd outerVLAN tags based on
ACLs.
Configure port Gi 0/1 as a Tunnel port.
PE1(config)#interface gigabitEthernet 0/1
PE1(config-if)# switchport mode dot1q-tunnel
AddVLAN 100 and VLAN 200 of the SP to the VLAN list of theTunnel port and configure the Tunnel port to strip off the
outer tag from incoming packets.
PE1(config-if)#switchport dot1q-tunnel allowed vlan add untagged 100,200
ConfiguretheTunnel port to add outer tagVLAN 100 to theincoming data frames whichmatch ACL 1.
PE1(config-if)# traffic-redirect access-group acl1 nested-vlan 100 in
ConfiguretheTunnel port to add outer tagVLAN 200 to theincoming data frames whichmatch ACL 2.
PE1(config-if)# traffic-redirect access-group acl1 nested-vlan 200 in
Step4: Configure the port connected to the SP network as an Uplink port.
PE1(config)# interface gigabitEthernet 0/2
PE1(config-if-GigabitEthernet 0/2)#switchport mode uplink
Verification

Checkwhether theusersof the same serviceindifferent branchoffices cancommunicatewitheachother and whether
specified service data is transmitted preferentially.



Check whether Layer-2 VPN is implemented.



Check whether the ACL is correct.



Check whether the service priority is correct.



Check whether the Downlink port is configured as aTunnel port, whether the outer tagVLAN is added to theVLAN
list of the Tunnel port, and whether the mapping policy on the Tunnel port is correct.

PE1
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FS#show running-config interface gigabitEthernet 0/1

interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchport dot1q-tunnelallowedvlanadd untagged100,200
traffic-redirect access-group acl1 nested-vlan 100 in
traffic-redirect access-group acl2 nested-vlan 200 in
spanning-tree bpdufilter enable
!
Step 2: Check the ACL-based selective QinQ policy. Check whether the mapping relationship between the inner and
outer VLAN tags is correct.
PE1#show traffic-redirect
Ports

Type

-------

----------

VID
-----

Match-filter

------------

Gi0/1

Nested-vid

101

acl1

Gi0/1

Nested-vid

201

acl2

Common Errors



No ACL policy is configured.



ACL policies are used to segregate flows based on MAC addresses. Packet floods will occur if MAC address replication is not
configured.

35.5.4 Configuring VLAN Mapping

Configuration Effect



Replace the inner tags of the packets with the outer tags to allow the packets to be transmitted based on the VLAN planning on
the SP network.

Notes



VLAN mapping can be configured only on Access ports, Trunk ports, Hybrid ports, or Uplink ports.
After VLAN mapping is configured, the VLAN IDs of the packets sent to the CPU are changed to the specified VLAN ID.
It is not recommended to configure VLAN mapping and selective QinQ on one port.

Configuration Steps



Configuring 1:1 VLAN Mapping



Mandatory if the 1:1 mode is used. Configure a 1:1 VLAN mapping rule.



Run the vlan-mapping-in vlan CVID remark SVID command or the vlan-mapping-out vlan SVID remark CVID command on a
Trunk port or an Uplink port to enable 1:1 VLAN mapping.
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Command

vlan-mapping-in vlan src-vlan-list remark dest-vlan

Parameter

src-vlan-list: Indicates the customer VLAN.

Description

dest-vlan: Indicates the service VLAN, which is the VLAN where the SP network is located.

Defaults
Command

Interface configuration mode

Mode
Usage Guide

Use this command to configure 1:1 VLAN mapping in the inbound direction.

Command

vlan-mapping-out vlan src-vlan remark dest-vlan

Parameter

src-vlan: Indicates the service VLAN, which is the VLAN where the SP network is located.

Description

dest-vlan: Indicates the customer VLAN.

Defaults
Command

Interface configuration mode

Mode
Usage Guide

Use this command to configure 1:1 VLAN mapping in the outbound direction.

Verification
Check whether VLAN mapping is configured correctly.



Run the show interfaces[ intf-id ] vlan-mapping command to display the VLAN mapping.

Configuration Example



Implementing VLAN Aggregation for Different Services Through VLAN Mapping

Scenario
Figure 13-13

Configuration
Steps



Configure Home Gateway 1 and Home Gateway 2.

Step 1: On the home gateways, configure the original VLANs for different services.
FS#configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
FS(config)#vlan range 10-12
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FS(config-vlan-range)#exit
Step2:ConfiguretheattributesoftheportsconnectedtoPC,IPTV,andVoIP.AssumethattheconnectedportsareGi0/2,
Gi 0/3, and Gi 0/4 respectively.
FS(config)#interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)#switchport access vlan 10
FS(config-if-GigabitEthernet 0/2)#exit
FS(config)#interface gigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/3)#switchport access vlan 11
FS(config-if-GigabitEthernet 0/3)#exit
FS(config)#interface gigabitEthernet 0/4
FS(config-if-GigabitEthernet 0/4)#switchport access vlan 12
FS(config-if-GigabitEthernet 0/4)#exit
Step 3: Configure an Uplink port.
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#switchport mode uplink



Configure a floor switch with 1:1 VLAN mapping policies.

Step 1: On the home gateways, configure the original VLANs and mapped VLANs for different services.
FS#configure terminal
Enter configurationcommands,one per line. End withCNTL/Z.
FS(config)#vlan range 10-12
FS(config-vlan-range)#exit
FS(config)#vlan range 100-102
FS(config-vlan-range)#exit
FS(config)#vlan range 200-202
FS(config-vlan-range)#exit
Step2: On the Downlink port of Home Gateway 1, configure 1:1VLAN mapping policiesin the inbound and outbound
directions.
FS(config)#interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)#switchport mode uplink
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-in vlan 10 remark 100
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-in vlan 11 remark 101
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-in vlan 12 remark 102
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-out vlan 100 remark 10
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-out vlan 101 remark 11
FS(config-if-GigabitEthernet 0/2)#vlan-mapping-out vlan 102 remark 12

www.fs.com

469

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Step3: On the Downlink port of Home Gateway 2, configure 1:1 VLAN mapping policies in the inbound and outbound
directions.
FS(config)#interface gigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/3)#switchport mode uplink
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-in vlan 10 remark 200
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-in vlan 11 remark 201
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-in vlan 12 remark 202
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-out vlan 200 remark 10
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-out vlan 201 remark 11
FS(config-if-GigabitEthernet 0/3)#vlan-mapping-out vlan 202 remark 12
Step 4: Configure an Uplink port.
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#switchport mode uplink
Verification

Displaythe1:1VLANmappingpoliciesconfiguredon thefloorswitch.
FS#show interfaces vlan-mapping
Ports

type

Status

----------- ----- --------- -----------

Service-Vlan

Customer-Vlan-list

----------------

Gi0/2

in

active

100

10

Gi0/2

in

active

101

11

Gi0/2

in

active

102

12

Gi0/2

out

active

100

10

Gi0/2

out

active

101

11

Gi0/2

out

active

102

12

Gi0/3

in

active

200

10

Gi0/3

in

active

201

11

Gi0/3

in

active

202

12

Gi0/3

out

active

200

10

Gi0/3

out

active

201

11

Gi0/3

out

active

202

12

35.5.5 Configuring TPIDs

Configuration Effect
Configure the TPIDs in the tags on SP network devices to realize TPID compatibility.
Notes
If a PE connected to a third-party switch on which theTPID is not 0x8100, you need to configure theTPID on the port of the PE
connected to the third-party switch.
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Do not set theTPIDs to any of the following values: 0x0806 (ARP), 0x0200 (PUP), 0x8035 (RARP), 0x0800 (IP), 0x86DD (IPv6),
0x8863/0x8864 (PPPoE), 0x8847/0x8848 (MPLS), 0x8137 (IPX/SPX), 0x8000 (IS-IS), 0x8809 (LACP), 0x888E (802.1X), 0x88A7
(clusters), and 0x0789 (reserved by FS Networks).
Configuration Steps



If a PE connected to a third-party switch on which theTPID is not 0x8100, you need to configure theTPID on the port of the PE
connected to the third-party switch.



TPIDscanbeconfiguredininterfaceconfigurationmode and globalconfigurationmode.Thefollowingexampleadopts
interface configuration mode.

Configuretheframe-tagtpid0x9100 commandininterfaceconfigurationmode tochange theTPIDto0x9100. Fordetailsaboutthe
TPID value, see section 1.4.5.
Command

frame-tag tpid tpid

Parameter

tpid: Indicates the new value of the TPID.

Description
Defaults

The default value of the TPID is 0x8100.

Command

Interface configuration mode

Mode
Usage Guide

If a PE is connected to a third-party switch on which the TPID is not 0x8100, use this command to configure the TPID on
the port connected to the third-party switch.

Verification
Check whether the TPID is configured.
Configuration Example



Configuring the TPID on a port

Configuration

Configure the TPID on a port.

Steps

FS(config)# interface gigabitethernet 0/1
FS(config-if)# frame-tag tpid 9100

Verification

Display the TPID on the port.
FS# show frame-tag tpid interfaces gigabitethernet 0/1
Port tpid
------- ------------Gi0/1

0x9100

35.5.6 ConfiguringMAC Address Replication

Configuration Effect



Replicate the dynamic address learned on a port from one VLAN to another.



Avoid packet floods when service flows are segregated through MAC-based ACLs.

Notes
11

After MAC address replication is disabled, the system will delete all the learned MAC address entries from the destination VLAN.
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MAC address replication can be configured on a port only once. If you need to modify the configuration, delete the current
configuration and configure it again.
VLAN MAC address replication cannot be used together with VLAN sharing, and the MAC addresses cannot be replicated to
dynamic VLANs.
Up toeight destinationVLANs can be configured on each port. MAC addressreplication takes effecteven ifthe port does not
belong to the specified destination VLAN.
MACaddressreplicationcannot be configuredontheHostand Promiscuous ports,monitoringports,and port
security-/802.1X-enabled ports.
Only dynamic addresses can be replicated. Address replication is disabled when the address table is full. If source addresses
already exist before replication is enabled, corresponding MAC addresses will not be replicated.
Replicated addresses have a higher priority than dynamic addresses but have a lower priority than other types of addresses.
When a MAC address ages, the replicated MAC address will also age. When the MAC address is deleted, the replicated address
will be deleted automatically.
Hot backup is not supported. After primary/secondary switchover occurs, it is recommended that you disable MAC address
replication and then enable it again.
12

TheMACaddressentriesobtainedthroughMACaddressreplicationcannotbedeletedmanually.Ifyouneedtodeletethese
entries, disable MAC address replication.

Configuration Steps



Configuring MAC Address Replication



Perform this configuration to replicate MAC addresses from one VLAN to another to avoid packet floods.



Run the mac-address-mapping <1-8> source-vlan src-vlan-list destination-vlan dst-vlan-id command on a Trunk port to
enable MAC address replication. src-vlan-list and dst-vlan-id specify the VLAN range.

Command

mac-address-mapping x source-vlan src-vlan-list destination-vlan dst-vlan-id

Parameter

x: Indicates the index number for MAC address replication. The value ranges from 1 to 8.

Description

src-vlan-list: Indicates the source VLAN list.
dst-vlan-id: Indicates the destination VLAN list.

Defaults

By default, MAC address replication is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Check whether the MAC address of the specified VLAN is replicated to another VLAN.

Configuration Example



Configuring MAC Address Replication
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Configuration



Steps

FS(config)# interface gigabitethernet 0/1

Configure MAC address replication.

FS(config-if)# switchport mode trunk
FS(config-if)#mac-address-mapping 1 source-vlan 1-3 destination-vlan 5
Verification




Check whether the configuration takes effect on the port.
SendapacketfromthesourceVLANandcheckwhetherthesourceMACaddressofthepacketisreplicatedto
the destinationVLAN.

FS# show interfaces mac-address-mapping
Ports

destination-VID

Source-VID-list

---------------------------------------------Gi0/1

5

1-3

Common Errors



See "Notes".

35.5.7 Configuring an Inner/Outer VLAN Tag Modification Policy

Configuration Effect



Modify outer or inner tags based on the actual networking requirements.

Notes
13

The ACL-based QinQ policy prevails over the port-based and C-TAG-based QinQ policy.

14

When an ACL is deleted, the related policy will be automatically deleted.

15

Tag modification policies take effect only on Access ports, Trunk ports, Hybrid ports, and Uplink ports.

16

Tag modification policies are mainly used to modify inner and outer tags on the SP network.

17

Ifa packetmatchestwoormoreACL-based selectiveQinQpolicieswithout priority,only onepolicyisexecuted. Itis
recommended to specify the priority.

Configuration Steps



Configuring the Policy to Change the VLAN IDs of Outer Tags Based on Inner Tags



Optional.



Perform this configuration to change the VLAN IDs of outer tags based on the VLAN IDs of inner tags.



Youcanchange theVLAN IDsof the outer tagsinthe packetsthatenter Accessports,Trunkports,Hybrid ports,and Uplinkports
based on the VLAN IDs of the inner tags in these packets.

Command

dot1q relay-vid VID translate inner-vid v_list

Parameter

VID: Indicates the modified VLAN ID of the outer tag.

Description

v_list: Indicates the VLAN ID of the inner tag.

Defaults

By default, no policy is configured.

Command

Interface configuration mode
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Mode
Usage Guide

N/A



Configuring the Policy to Change the VLAN IDs of Outer Tags Based on the VLAN IDs of Outer and Inner Tags



Optional.



Perform this configuration to change the VLAN IDs of outer tags based on the VLAN IDs of inner and outer tags.



Youcanchange theVLAN IDsof the outer tagsinthe packetsthatenter Accessports,Trunkports,Hybrid ports,and Uplinkports
based on the VLAN IDs of the inner and outer tags in these packets.

Command

dot1q new-outer-vlan new-vid translate old-outer-vlan vid inner-vlan v_list

Parameter

new-vid:IndicatesthemodifiedVLANIDoftheoutertag.

Description

vid: Indicates the original VLAN ID of the outer tag.
v_list: Indicates the VLAN ID of the inner tag.

Defaults

By default, no policy is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring the Policy to Change the VLAN IDs of Outer Tags Based on the Outer Tags



Optional.



Perform this configuration to change the VLAN IDs of outer tags based on these VLAN IDs.



Youcanchange theVLAN IDsof the outer tagsinthe packetsthatenter Accessports,Trunkports,Hybrid ports,and Uplinkports
based on these VLAN IDs.

Command

dot1q relay-vid VID translate local-vid v_list

Parameter

VID:IndicatesthemodifiedVLANIDoftheoutertag.

Description

v_list:IndicatestheoriginalVLANIDoftheoutertag.

Defaults

By default, no policy is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring a Policy to Change the VLAN IDs of Inner Tags Based on ACLs



Optional.



Youcan change theVLAN IDsof theinner tags inthepacketsthat exit Accessports,Trunkports,Hybrid ports,and Uplink ports
based on the packet content.



Before you configure such a policy, configure an ACL.

Command

traffic-redirect access-group acl inner-vlan vid out

Parameter

acl: Indicates the ACL.

Description

vid: Indicates the modified VLAN ID of the inner tag.

Defaults

By default, no policy is configured.

Command

Interface configuration mode

Mode
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Usage Guide

N/A



Configuring a Policy to Change the VLAN IDs of Outer Tags Based on ACLs



Optional.



Youcan change theVLAN IDs of the outer tags inthe packetsthat exit Accessports,Trunkports, Hybridports, and Uplink ports
based on the packet content.



Before you configure such a policy, configure an ACL.

Command

traffic-redirect access-group acl outer-vlan vid in

Parameter

acl: Indicates the ACL.

Description

vid: Indicates the modified VLAN ID of the outer tag.

Defaults

By default, no policy is configured.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification
Check whether the configuration takes effect and whether the port modifies the tags in received packets based on the policy.
Configuration Example



Configuring the Policy to Change the VLAN IDs of Outer Tags Based on the Outer Tags

Configuration
Steps




Configure inner/outer tag modification policies on a port based on the actual networking requirements.
ThefollowingexampleshowshowtochangeVLANIDsofoutertagsbasedonoutertagsandACLs
respectively. For details about other policies, see the description above.

ConfigureapolicytochangeouterVLANtagsbasedontheouterVLANtags.
FS(config)# interface gigabitEthernet 0/1
FS(config-if)# switchport mode trunk
FS(config-if)#dot1q relay-vid100 translatelocal-vid 10-20
Configure a policy to change outer VLAN tags based on ACLs.
FS# configure terminal
FS(config)# ip access-list standard 2
FS(config-acl-std)# permithost1.1.1.1
FS(config-acl-std)# exit
FS(config)# interface gigabitEthernet 0/2
FS(config-if)# switchport mode trunk
FS(config-if)# traffic-redirect access-group 2 outer-vlan 3 in
Verification




Check whether the configuration takes effect on the port.
Checkwhethertheport changes theVLAN IDsof theouter tagsinreceivedpacketsbasedon theconfigured
policy.
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35.5.8 Configuring Priority Mapping and Priority Replication

Configuration Effect



If an SP network provides a QoS policy based on the User Priority field of the inner tag, configure priority replication to apply the
QoS policy to the outer tag.



If an SP network provides a QoS policy based on the User Priority field of the inner tag, configure priority mapping to apply the
User Priority field provided by the SP network to the outer tag.

Notes
Only a Tunnel port can be configured with priority replication, which has a higher priority than trusted QoS but lower than
ACL-based QoS.
Priority replication and priority mapping cannot be both enabled on one port.
Only a Tunnel port can be configured with priority mapping, which prevails over QoS.
The configuration of priority mapping does not take effect if no trust mode is configured (trust none) or the trust mode is not
matched with prioritymapping.
Configuration Steps



Only a Tunnel port can be configured with priority mapping or priority replication.



Configure priority replication to apply the inner tag-based QoS policy provided by the SP network.



Configure priority mapping to configure the User Priority field of the outer VLAN tag based on the inner tag and apply the QoS
policy flexibly.



To enable priority replication, run the inner-priority-trust enable command on the Tunnel port.



To enable priority mapping, run the dot1q-Tunnel cos inner-cos-value remark-cos outer-cos-value command on the Tunnel
port.

inner-cos-value and outer-cos-value range from 0 to 7.
18

The following priority mapping is used when no priority mapping is configured:

Command

inner-priority-trust enable

Parameter

N/A

Description
Defaults

By default, priority replication is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Command

dot1q-Tunnel cos inner-cos-value remark-cos outer-cos-value

Parameter

inner-cos-value: Indicates the CoS value of the inner tag.

Description

outer-cos-value: Indicates the CoS value of the outer tag.
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Defaults

By default, priority mapping is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification



Run the show inner-priority-trust interfaces type intf-id command and the show interfaces type intf-id remark command to
check whether priority mapping or priority replication takes effect.

Configuration Example



Configuring Priority Mapping and Priority Replication

Configuration



To maintain the packet priority, you need to replicate the priority of the inner tag in a packet to the outer tag
on the Tunnel port.

Steps



Toflexibly control the packet priority on the Tunnel port, you can add outer tags of different priorities to
packets based on the priorities of the inner tags in the packets.

Configure priority replication.
FS(config)# interface gigabitethernet 0/1
FS(config-if)#mls qos trust cos
FS(config-if)# inner-priority-trust enable
FS(config)# end
Configure priority mapping.
FS(config)# interface gigabitethernet 0/2
FS(config-if)#dot1q-Tunnel cos 3 remark-cos 5

Verification



Display the priority configuration on the port.

Check whether priority replication is enabled on theTunnel port.
FS# show inner-priority-trust interfaces gigabitethernet 0/1
Port inner-priority-trust
------

-------------------

Gi0/1

enable

Display the priority mapping configured on the Tunnel port.
FS# show interfaces gigabitethernet 0/1 remark
Ports

Type

From value To value

------------ ----------- ----------- -------Gi0/1

Cos-To-Cos 3

5

Common Errors
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See "Notes".
35.5.9 ConfiguringLayer-2 TransparentTransmission

Configuration Effect
Transmit Layer-2 packets transparently without impact on the SP network and the customer network.
Notes
IfSTPisnotenabled,youneedtorunthebridge-frameforwardingprotocolbpducommandtoenableSTPtransparent
transmission.
Transparent transmission enabled on a port takes effect only after enabled globally. When transparent transmission takes effect
on the port, the port does not participate in related protocol calculation. If the port receives a packet whose destination MAC
address is the special broadcast address, it determines that a networking error occurs and discards the packet.
Configuration Steps



Configuring STP Transparent Transmission



Mandatory if you need to transparently transmit BPDU packets through STP.



Enable STP transparent transmission in global configuration mode and interface configuration mode.



Run the l2protocol-tunnel stp command in global configuration mode to enable STP transparent transmission.



Run the l2protocol-tunnel stp enable command in interface configuration mode to enable STP transparent transmission.

Command

l2protocol-tunnel stp

Parameter

N/A

Description
Defaults

By default, STP transparent transmission is disabled.

Command

Global configuration mode

Mode
Usage Guide

N/A

Command

l2protocol-tunnel stp enable

Parameter

N/A

Description
Defaults

By default, STP transparent transmission is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring GVRP Transparent Transmission



Mandatory if you need to transparently transmit GVRP packets.



Enable GVRP transparent transmission in global configuration mode and interface configuration mode.



Run the l2protocol-tunnel gvrp command in global configuration mode to enable GVRP transparent transmission.



Run the l2protocol-tunnel gvrp enable command in interface configuration mode to enable GVRP transparent transmission.

Command

l2protocol-tunnel gvrp

Parameter

N/A
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Description
Defaults

By default, GVRP transparent transmission is disabled.

Command

Global configuration mode

Mode
Usage Guide

N/A

Command

l2protocol-tunnel gvrp enable

Parameter

N/A

Description
Defaults

By default, GVRP transparent transmission is disabled.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Configuring a Transparent Transmission Address



Optional.



Configure a transparent transmission address.

Command

l2protocol-tunnel { stp | gvrp } tunnel-dmac mac-address

Parameter

mac-address: Indicates the address used to transparently transmit packets.

Description
Defaults

Bydefault, thefirstthree bytes of thetransparent transmissionaddress is01d0f8, and the lastthreebytes are 000005 and
000006 for STP and GVTP respectively.

Command

Interface configuration mode

Mode
Usage Guide

19

The following addresses are available for STP: 01d0.f800.0005, 011a.a900.0005, 010f.e200.0003, 0100.0ccd.cdd0,
0100.0ccd.cdd1, and 0100.0ccd.cdd2. The following addresses are available for GVRP: 01d0.f800.0006 and
011a.a900.0006.

20

When no transparent transmission address is configured, the default settings are used.

Verification
Runtheshowl2protocol-tunnelstpcommandandtheshowl2protocol-tunnelgvrpcommandtocheckwhetherthetransparent
transmission address is configured correctly.
Configuration Example
The following example shows how to configure STP transparent transmission.



Configuring STP Transparent Transmission
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Scenario
Figure 13-14

Configuration



Steps

On the PEs (Provider S1 and Provider S2), enable STP transparent transmission in global configuration mode and
interface configuration mode.



Beforeyouenable STP transparenttransmission, enableSTPinglobal configurationmode toallow theswitchesto
forward STP packets.

Provider S1

Step 1: Enable STP.
bridge-frame forwarding protocol bpdu
Step 2: Configure the VLAN for transparent transmission.
ProviderS1#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
ProviderS1(config)#vlan 200
ProviderS1(config-vlan)#exit
Step3: Enable basicQinQon theport connected tothecustomer networkand useVLAN 200 fortunneling.
ProviderS1(config)#interface gigabitEthernet 0/1
ProviderS1(config-if-GigabitEthernet 0/1)#switchport mode dot1q-tunnel
ProviderS1(config-if-GigabitEthernet 0/1)#switchport dot1q-tunnel native vlan 200
Step 4: Enable STP transparent transmission on the port connected to the customer network.
ProviderS1(config-if-GigabitEthernet 0/1)#l2protocol-tunnel stp enable
ProviderS1(config-if-GigabitEthernet 0/1)#exit
Step 5: Enable STP transparent transmission in global configuration mode.
ProviderS1(config)#l2protocol-tunnel stp
Step 4: Configure an Uplink port.
ProviderS1(config)# interface gigabitEthernet 0/5
ProviderS1(config-if-GigabitEthernet 0/5)#switchport mode uplink
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Provider S2

Configure Provider S2 by performing the same steps.

Verification

Step 1: Check whether STP transparent transmission is enabled in global configuration mode and interface configuration
mode.
ProviderS1#show l2protocol-tunnel stp

L2protocol-tunnel: Stp Enable
GigabitEthernet 0/1 l2protocol-tunnel stp enable
Step2:Verifytheconfigurationbycheckingwhether:


The port type is dot1q-tunnel.



The outer tag VLAN is consistent with the native VLAN and added to the VLAN list of the Tunnel port.



The port that accesses the SP network is configured as an Uplink port.

ProviderS1#show running-config
interface GigabitEthernet 0/1
switchport mode dot1q-tunnel
switchport dot1q-tunnel allowed vlan add untagged 200
switchport dot1q-tunnel native vlan 200
l2protocol-tunnel stp enable
spanning-tree bpdufilter enable
!
interface GigabitEthernet 0/5
switchport mode uplink
Common Errors



STP is not enabled in global configuration mode.



Transparent transmission is not enabled in global configuration mode and interface configuration mode.

35.6 Monitoring
Displaying
Description

Command

Displays whether the specified port is a Tunnel port.

show dot1q-tunnel [ interfaces intf-id ]

Displays the configuration of the Tunnel port.

show interfaces dot1q-tunnel

Displaysthe C-TAG-basedselectiveQinQpolicies on
the Tunnel port.
Displaysthe C-TAG-basedselectiveQinQpolicies on
the Access port, Trunk port or Hybrid port.

show registration-table [ interfaces intf-id ]
show translation-table [ interfaces intf-id ]

Displays VLAN mapping on ports.

show interfaces [ intf-id ] vlan-mapping

Displays the ACL-based selective QinQ policies.

show traffic-redirect [ interfaces intf-id ]

Displays the TPID configuration on ports.

show frame-tag tpid interfaces [ intf-id ]

Displays the configuration of priority replication.

show inner-priority-trust
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Displays the configuration of priority mapping.

show interface intf-name remark

Displaystheconfigurationof MACaddress replication.

show mac-address-mapping

Displays the configuration of Layer-2 transparent
transmission.

show l2protocol-tunnel { gvrp | stp }

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs QinQ.

debug bridge qinq

36 Configuring HASH Simulator
36.1 Overview
HASH simulator is a program that simulates the HASH algorithm of the switch. HASH simulator supports Aggregate Port (AP)
load-balancing and Equal-Cost Multipath Routing (ECMP) load-balancing modes.



APHASHsimulatorsimulatestheHASHalgorithmtocalculatetheAPmemberportfor packetforwardingbasedonthepacket
field, load-balancing mode and specified AP information. The calculation result conforms to the real forwarding port.
If you configure AP on a switch, use the AP simulator to calculate the AP member port for packet forwarding by specifying the
packet field.



ECMPHASHsimulatorsimulatestheHASHalgorithmtocalculatethenexthopforpacketforwardingbasedonthepacketfield
and load balance mode. The calculation result conforms to the real forwarding next hop.
If you configure ECMP on a switch and want toknow the next hop for specified packets without doing tests, use the ECMP
simulator to calculate the hit next hop.

HASHsimulatorcanbe usedtotrackand monitor theforwardingpath ofspecified packets,facilitatingusermanagement and
troubleshooting.

Protocols and Standards



IEEE 802.3ad

36.2 Applications
Application

Description

AP HASH Simulator

Combining multiple physical links into one logical link is an effective way to increase port
bandwidth and improve reliability on a L3 switch. Packets are forwarded through a physical
linkaccordingtoloadbalancealgorithm.APsimulatorcalculationenablesuserstocheckthe
member link, which serves as reference for troubleshooting and topology deployment.

ECMP HASH Simulator

OnaL3switchconfiguredwithECMP,packetsareforwardthroughan ECMPload-balanced
next hop. ECMP simulator calculation enables users to check the member link, which serves
as reference for troubleshooting and topology deployment.
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36.2.1 AP HASH Simulator

Scenario
With HASH simulator, you can calculate the AP load-balanced forwarding port.




AP load balancing: The dual-NIC server is aggregated into one logical link to share service data flow.
You should know which NIC on the server receives the packets with destination IP addresses of 2.2.2.1/24, 4.4.4.1/24, and
9.9.9.1/24 sent by the uplinked server.

Figure 14- 1

Note

N/A

Deployment





The ports connecting the dual NIC server and N5860 are aggregated into an AP to share service data flow.
Use VLAN 2, VLAN 499 and VLAN 999 to separate the network and undertake different types of service.
YoucanidentifytheAPload-balancedforwardingportonN5860accordingtopacketfeatures.
The packet feature can be SourceIP,Destination IP,SourceL4 port, or Destination L4 port.

36.2.2 ECMP HASH Simulator

Scenario
With HASH simulator, you can calculate the ECMP load-balanced next hop.



SW1 is uplinked to network segment 1.0.0.0/24 and downlinked to network segment 2.2.2.0/24. The uplink PC can communicate
with the downlink clients via SW1.

www.fs.com

483

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Youshould knowwhichdownlink port canreceiveor forwardpacketscontaining different IPaddresses sentbytheuplink PC.

Figure 14-2

Deployment



Configure an ECMP route to 3.0.0.0/8 on SW1 and multiple ECMP next hops connect with the downlink.



You can identify the ECMP load-balanced next hop on SW1 according to packet features.
The packet feature can be Source IP,Destination IP, Source L4 port, or Destination L4 port.

36.3 Features
Basic Concepts
AP
AP is a logical port that consists of several physical ports. AP can be divided into static AP and dynamic AP (LACP AP) based on
protocol or into L2 AP and L3 AP based on port feature.
L2 AP
L2 AP is a logical port that consists of several L2 ports with the same L2 features.
L3 AP
L3 AP is a logical port that consists of several L3 ports with the same L3 features.
Load-balancing Mode
Packets are forwarded by an AP member port based on its load-balancing mode. The following AP load-balancing modes are
available:
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Source MAC address/ destination MAC address (Src-mac/Dst-mac)



Source MAC address + destination MAC address (Src-dst-mac)



Source IP address/ destination IP address (Src-ip/Dst-ip)



Source IP address + destination IP address (Src-dst-ip)



Source IP address + destination IP address + source L4 port + destination L4 port (Src-dst-ip-l4port)



Panel port of incoming packets



Enhanced Mode (Enhanced)

ECMP
ECMP is a routing strategy where next-hop packet forwarding toa single destination can occur over multiple "best paths" which tie for
top place in routing metric calculations. When a next hop becomes unreachable, traffic is switched to the other next hops.
The ECMP next hop is also selected based on the load-balancing mode.
HASH Simulator
HASH simulator is a program that simulates the HASH algorithm of the switch.
Quintuple
The quintuple refers to the source IP address, destination IP address, protocol, source L4 port and destination L4 port.
Overview
Overview

Description

AP HASH Simulator

Calculates the AP member port for packet forwarding according to the packet field, AP load balance mode
and specified AP information.

ECMP HASH Simulator Calculatesthe next hop for packet forwarding according tothe packet field, load balance mode and
destination IP address.

36.3.1 AP HASH Simulator

AP HASH simulator is used to calculate the AP member port for packet forwarding by specifying the packet field.
Working Principle
HASH simulator simulates the HASH algorithm on the switch. The process of AP load-balancing calculation on a switch follows the
following steps:
Figure 14- 3
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Step1: Field Selection. Fields are extracted according to the configured load-balancing mode.
Different fields are selected as HASH factors based on the configured load-balancing mode:

Load-balancing Mode

HASH Factor

Src-mac

mac address source

Dst-mac

mac address destination

Src-dst-mac

mac address source and destination

Src-ip

IP address source

Dst-ip

IP address destination

Src-dst-ip

IP address source and destination

Src-dst-ip-l4port

IPaddresssourceanddestination，L4portsourceand destination

Enhanced

Fields are extracted according to load-balance profile.
Usethe showload-balance profile profile-name command to
displayallpacketfieldscorrespondingtosupportedpackettypes.

AP HASH simulator supports src- mac, dst-mac, src-dst-mac, src-ip, dst-ip, src-dst-ip, src-dst-ip-l4port and enhanced
load-balancing modes.
Selected HASH factors for AP load-balancing may vary with different products.



Step2: HASH Computation
HASH algorithm is used to compute the HASH lb-key (load-balance key) based on the HASH factor selected in step 1. HASH
algorithms vary with different switches, such as XOR, CRC and CRC+ scramble.
HASH simulator simulates the HASH algorithm on the switch.



Step3: Member Selection
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DividetheAPmembernumber by HASH lb-key,and theremainder istheforwarding port index.The index isuniqueon FSBCM
series switch (including core switch and access switch). Therefore, it can be used to identify the forwarding port.
Related Configuration
Displaying AP simulator calculation result
Users can check the IPv4 AP load-balanced forwarding port by specifying the quintuple feature of IPv4 packets.
Users can check the IPv6 AP load-balanced forwarding port by specifying the quintuple feature of IPv6 packets.
AP HASH simulator supports simulative calculation of unicast packet forwarding only.

36.3.2 ECMP HASH Simulator

ECMP HASH simulator is used to calculate the next hop for packet forwarding by specifying the packet field.
Working Principle
ECMP HASH simulator simulates the HASH algorithm, similar to AP HASH simulator.



Step1: Field Selection. Fields are extracted according to the configured load balance mode.

ECMP load-balancing modes share configuration with AP load-balancing modes. Load-balancing modes correspond to HASH factors
are as follows:
Load-balancing Mode

HASH Factor

Src-mac

IP address source

Dst-mac

IP address source

Src-dst-mac

IP address source

Src-ip

IP address source

Dst-ip

IP address source and destination

Src-dst-ip

IP address source and destination

Src-dst-ip-l4port

IPaddresssourceanddestination，L4portsourceand destination

Enhanced

Fields are extracted according to load-balance profile.
Usethe show load-balance profile profile-name command to
displayallpacketfieldscorrespondingtosupportedpackettypes.

ECMP HASH simulator supports src-ip, dst-ip, src-dst-ip, src-dst-ip-l4port and enhanced load-balancing modes.
Selected HASH factors for ECMP load balancing vary with different products.

For some products like N18000-CB, load-balancing modes correspond to HASH factors. For example, the src-mac mode
corresponds to the HASH factor of source MAC address; the dst-mac mode corresponds to the HASH factor of destination MAC
address.



Step2: HASH Computation

HASH algorithm is used to compute the HASH lb-key (load-balance key) based on the HASH factor selected in step 1. ECMP load
balance supports HASH algorithms of CRC and CRC+ scramble.
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Divide the ECMP next hop number by HASH lb-key, and the remainder is the next-hop index. The unique index can be used to identify
the next hop.
Related Configuration



Displaying ECMP simulator calculation result

Users can check the IPv4 ECMP load-balanced next hop by specifying the quintuple feature of IPv4 packets.
Users can check the IPv6 ECMP load-balanced next hop by specifying the quintuple feature of IPv6 packets.
Ifthe ECMPnext hop isanAP,theforwardingport isselectedbased onAP loadbalancemode. Userscanenter thecommandto
display the packet forwarding port.

36.4 Configuration
Configuration

Description and Command
Optional
show aggregate load-balance to interface
aggregateport ap-id ip [source source-ip]

Displays the IPv4 AP load-balanced forwarding

[destination dest-ip] [ip-protocol protocol-id]

port.

[l4-source-portsrc-port][l4-dest-portdest-port]
Displaying AP load-balanced
forwarding port

show aggregate load-balance to interface
aggregateport ap-id ipv6 [source source-ip]

Displays the IPv6 AP load-balanced forwarding

[destination dest-ip] [ip-protocol protocol-id]

port.

[l4-source-portsrc-port][l4-dest-portdest-port]
show aggregate load-balance interface
interface-type interface-number to interface
aggregateport ap-id forward [L2 | L3] mac
[src-mac source-mac] [dst-mac dest-mac] [vlan

Displays the layer-2 AP load-balanced
forwarding port.

vlan-id] [etype value]
show ip ecmp-nexthop address destination
dest-ip [source source-ip] [protocol protocol-id]
[l4-source-port src-port] [l4-dest-port dst-port]]
Displaying ECMP load-balanced

[vrf vrf-name]

forwarding port

showipv6ecmp-nexthopaddress destination
dest-ip [source source-ip] [next-header
protocol-id] [l4-source-port src-port]

Displays the IPv4 ECMP next hop.

Displays the IPv6 ECMP next hop.

[l4-dest-port dst-port]] [vrf vrf-name]
36.4.1 Displaying AP Load-Balanced Forwarding Port

Configuration Effect



Display the AP member port for packet forwarding.
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Notes



AP hash simulator works based on the AP load-balancing mode. Therefore, use the aggregate load-balance command to
configure the AP load-balancing mode first.



Create AP and add member ports.
See Configuring Aggregate Port in Ethernet Switching Configuration Guide.

Configuration Steps



Displaying Layer-2 AP load-balanced forwarding port




Monitor forwarding path and troubleshooting.



Displaying IPv4 AP load-balanced forwarding port



The same asabove.



Displaying IPv6 AP load-balanced forwarding port



The same asabove.

Enter the command to display AP forwarding ports on the switch.

Verification



Verify the configuration by pumping real traffic. Observe and record the forwarding port.



Check whether the real forwarding port conforms to the displayed port.

Related Commands



Displaying Layer-2 AP load-balanced forwarding port

Command

show aggregate load-balance interface interface-type interface-number to interface aggregateport ap-id forward
[L2 | L3] mac [src-mac source-mac] [dst-mac dest-mac] [vlan vlan-id] [etype value]

Parameter

interface interface-type interface-number: Traffic ingress.
aggregateport ap-id: Destination AP ID.
forward [L2 | L3]: Layer-2 or layer-3 forwarding mode.
src-mac source-mac: Source MAC address.
dst-mac dest-mac: Destination MAC address
vlan vlan-id: TAG ID
etype value: Ethernet type of packet.

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide



N/A

Displaying IPv4 AP load-balanced forwarding port

Command

show aggregate load-balance interface interface-type interface-number to interface aggregateport ap-id forward
[L2|L3]ip[sourcesource-ip][destinationdest-ip][ip-protocolprotocol-id][l4-source-portsrc-port][l4-dest-port
dest-port]

Parameter

interface interface-type interface-number: Traffic ingress.
aggregateport ap-id: Destination AP ID.
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forward [L2 | L3]: Layer-2 or layer-3 forwarding mode.
source source-ip: Source IPv4 address
destination dest-ip: Destination IPv4 address
ip-protocol protocol-id: IP protocol ID. For example, the protocol ID of TCP and UDP are 6 and 17 respectively.
l4-source-port src-port: L4 source port ID
l4-dest-port dst-port: L4 destination port ID
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide



N/A

Displaying IPv6 AP load-balanced forwarding port

Command

show aggregate load-balance interface interface-type interface-number to interface aggregateport ap-id forward
[L2 | L3] ipv6 [source source-ip] [destination dest-ip] [ip-protocol protocol-id] [l4-source-port src-port] [l4-dest-port
dest-port]

Parameter

interface interface-type interface-number: Traffic ingress.
aggregateport ap-id: Destination AP ID.
forward [L2 | L3]: Layer-2 or layer-3 forwarding mode.
source source-ip: Source IPv6 address
destination dest-ip: Destination IPv6 address
ip-protocol protocol-id: IP protocol ID. For example, the protocol ID of TCP and UDP are 6 and 17 respectively.
l4-source-port src-port: L4 source port ID
l4-dest-port dst-port: L4 destination port ID

Command

Privileged EXEC mode/Global configuration mode/interface configuration mode

Mode
Usage Guide

N/A

Common Errors





AP HASH simulator does not support the configured load-balancing mode.
The current switch does not support AP HASH simulator.
AP is not created or does not have member ports.

Configuration Example



Displaying Layer-2 AP load-balanced forwarding port

Configuration
Steps

Configures load-balancing mode.
FS# configure terminal
FS(config)# aggregateport load-balance dst-mac
FS(config)# show agg load-balance
Load-balance

: Destination MAC

FS# end
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Verification

Run the show aggregate load-balance to command to display AP forwarding port according to packet dmac



Display AP load-balanced forwarding port for packets destined to MAC address 0000.2000.0002.

FS# show aggregate load-balance interface gigabitethernet 0/1 to interface aggregateport 1 forward L2 mac dst-mac
0000.2000.0002
aggregateportload-balancemode :
balance to port



:

Destination MAC

GigabitEthernet0/47

Display AP load-balanced forwarding port for packets destined to MAC address 0000.2000.0003.

FS# show aggregate load-balance interface gigabitethernet 0/1 to interface aggregateport 1 forward L2 mac dst-mac
0000.2000.0002
aggregateportload-balancemode :
balance to port



:

Destination MAC

GigabitEthernet0/48

If the specified AP does not have member ports, the forwarding port is displayed as NULL.

FS# show aggregate load-balance interface gigabitethernet 0/1 to interface aggregateport 1 forward L2 mac
dst-mac 0000.2000.0002
aggregateportload-balancemode :
balance to port

Destination MAC

:

Displaying IPv4 AP load-balanced forwarding port
Network
Environment
Figure 14- 4
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Configuration

Configure the load-balancing mode.

Steps

FS# configure terminal
FS(config)# aggregate load-balance dst-ip
FS(config)# show agg load-balance
Load-balance

: Destination IP

FS# end
Verification

Use the show aggregate load-balance to command to display AP forwarding port.



Display AP load-balanced forwarding port for packets destined to IP address 2.2.2.2.

FS#showaggregateload-balanceinterfacegigabitethernet0/1tointerfaceaggregateport1forwardL3ip
destination 2.2.2.2
aggregateportload-balancemode:
balance to port



:

Destination IP

GigabitEthernet 0/47

Display AP load-balanced forwarding port for packets destined to IP address 4.4.4.4.

FS#showaggregateload-balanceinterfacegigabitethernet0/1tointerfaceaggregateport1forwardL3ip
destination 4.4.4.4
aggregateportload-balancemode:



balance to port

:

Destination IP
GigabitEthernet0/48If thespecifiedAPdoesnot havememberports,the

forwarding port is displayed as NULL.
FS# show aggregate load-balance interface gigabitethernet 0/1 to interface aggregateport 1 forward L3 ip source
1.1.1.1
aggregateportload-balancemode:
balance to port

Destination IP

:

36.4.2 Displaying ECMP Load-Balanced Forwarding Port

Configuration Effect



Display the ECMP next hop for packet forwarding.

Notes



Only reachable next hops are load-balanced.

Configuration Steps



Displaying IPv4 ECMP next hop



Monitor forwarding path and troubleshooting.



Enter the command to display AP forwarding ports on the switch.



Displaying IPv6 ECMP next hop

The same as above
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Verification



Verify the configuration by pumping real flows. Observe and record the forwarding next hop.



Check whether the real next hop conforms to the displayed next hop.

Related Commands



Displaying IPv4 ECMP next hop

Command

showipecmp-nexthop address destinationdest-ip[source source-ip][protocol protocol-id][l4-source-port
src-port] [l4-dest-port dst-port] [vrf vrf-name]

Parameter

source source-ip: Source IPv4 address
destination dest-ip: Destination IPv4 address
protocolprotocol-id:IPprotocol ID.Forexample, theprotocol IDofTCP,UDPand ICMPare6,17and 1respectively.
l4-source-port src-port: L4 source port ID
l4-dest-port dst-port: L4 destination port ID
vrf vrf-name: VRF name

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide



N/A

Displaying IPv6 ECMP next hop

Command

show ipv6 ecmp-nexthop address destination dest-ip [source source-ip] [next-header protocol-id] [l4-source-port
src-port] [l4-dest-port dst-port] [vrf vrf-name]

Parameter

source source-ip: Source IPv6 address
destination dest-ip: Destination IPv6 address
next-header protocol-id: IP protocol ID. For example, the protocol ID of TCP,UDP and ICMP are 6,17 and 1
respectively.
l4-source-port src-port: L4 source port ID
l4-dest-port dst-port: L4 destination port ID
vrf vrf-name: VRF name

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Common Errors



ECMP HASH simulator does not support the configured load-balancing mode.



The current switch does not support ECMP HASH simulator.



ECMP is not configured or no reachable next hop is available.

Configuration Example



Displaying IPv4 ECMP Next Hop
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Network
Environment
Figure 14-5

Configuration
Steps

1. Configure ECMP.
2. Configure the load-balancing mode.
FS# configure terminal
FS(config)# aggregate load-balance src-dst-ip
FS(config)# show agg load-balance
Load-balance

: Source IP and Destination IP

FS(config)# end
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Verification

Use the show ip ecmp-nexthop command to display the route in vrf 0. The hit next hop is marked by "*".The DIP
parameterismandatorywhetheritisnecessaryfortheHASHcalculation. ECMPHASHsimulatorcanbeusedto
calculate one single next hop for a uni-route.

 Display theECMP load-balanced next hop for packetsfrom1.0.0.1 to3.0.0.1. Change the destination IP
address to 3.0.0.2 and display the next hop again.
FS#show ip ecmp-nexthop address destination 3.0.0.1 source 1.0.0.1
balance mode: Source IP and Destination IP
route table: vrf 0
hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1 *
via 2.2.2.12 weight 1
FS#show ip ecmp-nexthop address destination 3.0.0.2 source 1.0.0.1
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1
via 2.2.2.12 weight 1 *



If the DIP in the entered CLI command does not hit the routing table, an error isdisplayed.

FS#show ip ecmp-nexthop address destination 5.0.0.1 source 1.0.0.7
%ecmp HASH failed, for look up time out or no route hitted



DisplaytheECMPload-balancednext hopforpacketsfrom1.0.0.1to3.0.0.1.ChangethesourceIPaddressto
1.0.0.3 and display the next hop again.

FS#show ip ecmp-nexthop address destination 3.0.0.1 source 1.0.0.1
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1 *
via 2.2.2.12 weight 1
FS#show ip ecmp-nexthop address destination 3.0.0.1 source 1.0.0.3
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1 *
via 2.2.2.11 weight 1
via 2.2.2.12 weight 1
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The ECMP next hop is down. Display the simulatively calculated next hop again.

FS#show arp
Protocol Address

Age(min) Hardware

Type

Interface

Internet 2.2.2.11

<static> 0000.0000.0011 arpa

Internet 2.2.2.12

<static> 0000.0000.0012 arpa VLAN 2

Internet 1.0.0.1

--

00d0.f822.33b2 arpa VLAN 1

Internet 2.2.2.1

--

00d0.f822.33b2 arpa VLAN 2

Internet 2.2.2.10

<---> <Incomplete> arpa VLAN 2



VLAN 2

Display the ECMP load-balanced next hop for the packets from 1.0.0.1 to 3.0.0.1, to 3.0.0.2 and to 3.0.0.6
respectively again.

FS#show ip ec ad de 3.0.0.1 so 1.0.0.1
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1 *
via 2.2.2.12 weight 1
FS#show ip ec ad de 3.0.0.2 so 1.0.0.1
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1
via 2.2.2.12 weight 1 *
FS#show ip ec ad de 3.0.0.6 so 1.0.0.1
balancemode:
route table:

Source IP and Destination IP
vrf 0

hit ip route, actual nexthop marked by "*":
3.0.0.0/8
via 2.2.2.10 weight 1
via 2.2.2.11 weight 1 *
via 2.2.2.12 weight 1

37 Configuring L3-PKT-COUNTERENABLE
37.1 Overview
Generally, the traffic statistics function involves all traffic on the port. The IP traffic statistics function enables the device to count only
IP traffic on layer-3 interfaces.
Protocols and Standards



N/A
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37.2 Applications
N/A

37.3 Configuration
Configuration

Description and Command
(Optional) It is used to configure the traffic statistics function on the Layer-3 interface.

Configuring IP traffic Statistics
on the Layer-3 Interface

l3-pkt-counter enable

Enables IP (including IPv4 and IPv6) traffic
statistics on the Layer-3 interface.

37.3.1 Enabling IP Traffic Statistics on the Layer-3 Interface

Configuration Effect
Enable IP traffic statistics on the Layer-3 interface.
Configuration Steps



Enabling IP Traffic Statistics on the Layer-3 Interface

Command

[no] l3-pkt-counter enable

Parameter Description

no: Disables IP traffic statistics on the Layer-3 interface.

Defaults

IP traffic statistics is disabled by default.

Command Mode

Global configuration mode

Usage Guide

N/A

Verification



Run the show run | in l3-pkt-counter enable command to check whether the IP traffic statistics function is enabled.

37.4 Monitoring
Displaying
Description

Command

Displays the device configuration.

show running-config

38 Configuring PositioningLamp
38.1 Overview
The positioning lamp function is used to pinpoint the actual physical location of a port to be controlled. You can just run a command
to enable the LED indicator of a port to be solid red for positioning. When building or altering the scenario environment, O&M
personnel may easily remove and insert the cable from or into a false port due to complex scenario topology and existence of
excessive cables. This misoperation can cause scenario errors and delay the project maintenance or delivery progress. For this, the
positioning means is a good solution to pinpoint the actual location of a required port.
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38.2 Applications
Application

Description

Port positioning

Pinpoints the physical location of a port conveniently and accurately in complex environment.

38.2.1 Port Positioning

Scenario
Switch A and switch B are connected through multiple links. A port on switch A needs to be controlled but another port may be
manipulated due to misoperations. With the positioning means, when a port on switch A needs to be controlled, you can run a
command to enable the positioning lamp on the port. Then, the LED indicator of the port is solid red. In this way, you can accurately
find out the physical location of the required port.
Figure 16-1

Deployment



The positioning lamp function is disabled by default. To pinpoint a port, enable the positioning lamp function on the port.

38.3 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the positioning lamp.

Configuring the Basic Function
for an Indicator

posit-lamp enable

Enables the positioning lamp.

no posit-lamp enable

Restores the default mode, that is, disables the positioning lamp.

38.3.1 Configuring the Basic Function for an Indicator

Configuration Effect



Enable the positioning lamp function on a port so that the physical LED indicator of the port is solid red.

Notes
1.

The port indicator is solid red to indicate the positioning state and green to indicate the link state (whether the green indicator

blinks depends on data transmission).
2.

The positioning state is prior to the link state. When the positioning lamp function is enabled, the link state change cannot

switch the status of the port indicator.
Configuration Steps



Configuring the Indicator
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Mandatory. The positioning lamp function is disabled by default.



The positioning lamp function can be configured on AP members, split ports, and VSL ports.

Command

posit-lamp enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Verification
Configure the positioning lamp function on a port.



Check whether the LED indicator of the port is solid red.



Run the shut or no shut command on the port or remove and then insert the cable. The indicator status should not change.
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Common Errors



N/A

38.4Monitoring
N/A

39 Configuring Port Module Type
39.1 Overview
Different module types need to be configured for ports using different modules so that the modules can normally transmit and
receive signals and forward traffic.

39.2 Applications
Application

Description

Configuring the Module Type for Ports

Configure the port module type based on inserted optical modules, AOCs, and copper cables.

39.2.1 Configuring the Module Type for Ports

Scenario
A single switch with 100G/25G physical ports is used.
Deployment



The port module type is not configured by default. The software automatically adapts to the module type based on the inserted
modules. It configures the optical module type for optical modules, backplane type for AOC modules, and copper cable type for
copper cables.



If a module cannot be identified and consequently the port link cannot go up, you can use this function to forcibly set the
module type forrepair.

39.3 Configuration
Configuration
Configuring the Module Type for

Description and Command
(Optional) It is used to configure the module type based on inserted modules.

100G Ports
transceiver { module_type}

Configuring the Module Type for

Sets the module type for 100G ports.

(Optional) It is used to configure the module type based on inserted modules.

25G Ports
transceiver { module_type }
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39.3.1 Configuring the Module Type for Ports

Configuration Effect



If the module type is configured after modules are inserted into a port, flapping will occur on the port. Therefore, perform the
configuration when the port is down.

Notes



Configure the module type based on inserted modules. If a module is inconsistent with the configuration, a syslog is displayed.
The inconsistency can result in port signal deterioration, packet CRC error or packet loss, and even port going down.

Configuration Steps



Configuring the Module Type for 100G Ports

Command

transceiver { 100GBASE-Activecable | 100GBASE-COPPER | 100GBASE-FIBER | 40GBASE-Activecable |
40GBASE-COPPER | 40GBASE-FIBER }

Parameter

100GBASE-Activecable:Indicatesthe100GAOCmoduletype.

Description

100GBASE-COPPER: Indicates the 100G copper cable module type.
100GBASE-FIBER: Indicates the 100G optical module type.
40GBASE-Activecable: Indicates the 40G AOC module type.
40GBASE-COPPER: Indicates the 40G copper cable module type.
40GBASE-FIBER: Indicates the 40G optical module type.

Command

Interface configuration mode

Mode
Usage Guide

The module type needs to be configured based on actual modules. You can use the default form of this command to
restore the default configuration.



Configuring the Module Type for 25G Ports

Command

transceiver

{10GBASE-Activecable

|

10GBASE-COPPER |

10GBASE-FIBER

|

25GBASE-Activecable

|

25GBASE-COPPER | 25GBASE-FIBER}
Parameter

10GBASE-Activecable:Indicatesthe10GAOCmoduletype.

Description

10GBASE-COPPER: Indicates the 10G copper cable module type.
10GBASE-FIBER: Indicates the 10G optical module type.
25GBASE-Activecable: Indicates the 25G AOC module type.
25GBASE-COPPER: Indicates the 25G copper cable module type.
25GBASE-FIBER: Indicates the 25G optical module type.

Command

Interface configuration mode

Mode
Usage Guide

The module type needs to be configured based on actual modules. You can use the default form of this command to
restore the default configuration.

Configuration Example



Configuring the Module Type for 100G Ports

Configuration



Set the module type of the 100G port to AOC module type.

Steps
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FS(config-if-HundredGigabitEthernet 0/49)#transceiver 100GBASE-Activecable
Verification

Run the show running-config | include TfGigabitEthernet 0/1 command to display the port configuration.
FS(config-if-HundredGigabitEthernet 0/49)#show run in hundredGigabitEthernet 0/49
Building configuration...
Current configuration : 67 bytes
interface hundredGigabitEthernet 0/49
transceiver 100GBASE-Activecable



Configuring the Module Type for 25G Ports

Configuration



Set the module type of the 25G port to AOC module type.

Steps
FS(config-if-TFGigabitEthernet 0/1)#transceiver 25GBASE-Activecable
Verification

Run the show running-config interface TfGigabitEthernet 0/1 command to display the port configuration.
FS(config-if-TFGigabitEthernet 0/1)#show run in TFGigabitEthernet0/1

Building configuration...
Current configuration : 67 bytes

interface TFGigabitEthernet 0/1
transceiver 25GBASE-Activecable
Common Errors
FS(config-if-TFGigabitEthernet 0/1)#transceiver 25GBASE-cOPPER
*Apr 4 22:15:48: %PORT-3-ERROR: Transceiver configuration(25GBASE-COPPER) on Interface TFGigabitEthernet 0/1 cannot match th e
inserted transceiver(25GBASE-Activecable).
FS(config-if-TFGigabitEthernet 0/1)#

FS(config-if-HundredGigabitEthernet 0/49)#transceiver 100GBASE-cOPPER
*Apr 4 22:15:48: %PORT-3-ERROR: Transceiver configuration(100GBASE-COPPER) on Interface HundredGigabitEthernet 0/49 canno

t

match the inserted transceiver(100GBASE-Activecable).
FS(config-if-HundredGigabitEthernet 0/49)#

39.4 Monitoring
N/A
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IP Address & Application Configuration
1.

Configuring IP Address and Service

2.

Configuring ARP

3.

Configuring IPv6

4.

Configuring DHCP

5.

Configuring DHCPv6

6.

Configuring DNS

7.

Configuring FTP Server

8.

Configuring FTP Client

9.

Configuring Tunnel Interface

10.

Configuring Network Connectivity Test Tool

11.

Configuring TCP
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12.

Configuring IPv4/IPv6 REF

13.

Configuring ECMP CLUSTER

1 Configuring IP Addresses and Services
1.1 Overview
Internet Protocol (IP) sends packets to the destination from the source by using logical (or virtual) addresses, namely IP addresses. At
the network layer, routers forward packets based on IP addresses.
Protocols and Standards



RFC 1918: Address Allocation for Private Internets



RFC 1166: Internet Numbers

1.2 Applications
Application
Configuring

Description
an

IP

Address

for

Two networks communicate through one switch interface.

Communication
1.2.1 Configuring an IP Address for Communication

Scenario
A switch is connected to a Local Area Network (LAN), which is divided into two network segments, namely, 172.16.1.0/24 and
172.16.2.0/24. Computers in the two network segments can communicate with the Internet through switches and computers
between the two network segments can communicate with each other.
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Figure 1- 1 Configuring IP Addresses

Deployment



Configure two IP addresses on VLAN1. One is a primary IP address and the other is a secondary IP address.



On hostsinthe network segment 172.16.1.0/24, set the gateway to172.16.1.1; onhosts inthe network segment 172.16.2.0/24,
set the gateway to 172.16.2.1.

1.3 Features
Basic Concepts



IP Address

An IP address consists of 32 bits in binary. Tofacilitate writing and description, an IP address is generally expressed in decimal. When
expressed in decimal, an IP address is divided into four groups, with eight bits in each group. The value range of each group is from 0
to 255, and groups are separated by a full stop ".".For example, "192.168.1.1" is an IP address expressed in decimal.
IP addresses are used for interconnection at the IP layer. A 32-bit IP address consists of two parts, namely, the network bits and the
host bits. Based on the values of the first several bits in the network part, IP addresses in use can be classified into four classes.
For aclass Aaddress, the most significant bitis 0.7bits indicatea network ID,and 24 bits indicate alocaladdress.Thereare 128 classA
networks in total.
Figure 1- 2

Class A IP address

0

8

16

24

Network ID

Host ID

32

For a class B address, the first two most significant bits are 10.14 bits indicate a network ID, and 16 bits indicate a local address. There
are 16,348 class B networks in total.
Figure 1- 3
8
Class B IP address
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For aclass Caddress, thefirst threemost significant bitsare110.21 bits indicateanetwork ID,and 8bits indicatea local address.There
are 2,097,152 class C networks in total.
Figure 1- 4
8
Class C IP address

1

1

0

16

24

Network ID

32

Host ID

ForaclassDaddress,thefirstfourmostsignificantbitsare1110and other bitsindicateamulticastaddress.
Figure 1- 5
8
Class D IP address

1

1

1

0

16

24

32

Multicast address

The addresses with the first four most significant bits 1111 cannot be assigned. These addresses are called class E addresses and
are reserved.
When IP addresses are planned during network construction, IP addresses must be assigned based on the property of the network to
be built. If the network needs to be connected to the Internet, users should apply for IP addresses to the corresponding agency. In
China, you can apply to China Internet Network Information Center (CNNIC) for IP addresses. Internet Corporation for Assigned Names
and Numbers (ICANN) is the final oFSanization responsible for IP address assignment. If the network to be built is an internal private
network, users do not need to apply for IP addresses. However, IP addresses cannot be assigned at random. It is recommended to
assign dedicated private network addresses.
The following table lists reserved and available addresses.
Class
Class A network

Class B network

Class C network
Class D network
Class E network

Address Range

Status

0.0.0.0 - 0.255.255.255

Reserved

1.0.0.0 - 126.255.255.255

Available

127.0.0.0 - 127.255.255.255

Reserved

128.0.0.0 - 191.254.255.255

Available

191.255.0.0 - 191.255.255.255

Reserved

192.0.0.0 - 192.0.0.255

Reserved

192.0.1.0 - 223.255.254.255

Available

223.255.255.0 - 223.255.255.255

Reserved

224.0.0.0 - 239.255.255.255

Multicast address

240.0.0.0 - 255.255.255.254

Reserved

255.255.255.255

Broadcast address

Three address ranges are dedicated to private networks. These addresses are not used in the Internet. If the networks to which these
addresses are assigned need to be connected to the Internet, these IP addresses need to be converted into valid Internet addresses.
The following table lists private address ranges. Private network addresses are defined in RFC 1918.
Class

Address Range

Status

Class A network

10.0.0.0 - 10.255.255.255

1 class A network

Class B network

172.16.0.0 - 172.31.255.255

16 class B networks

Class C network

192.168.0.0 - 192.168.255.255

256 class C networks

For assignment of IP addresses, TCP/UDP ports, and other codes, refer to RFC 1166.
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Subnet Mask

Asubnet mask is also a 32-bit value.The bits that identify the IPaddress are the network address. In a subnet mask, the IP address bits
corresponding to thebits whose values are 1s arethe network address, and the IPaddress bits corresponding to the bits whose values
are0s are thehost address. For example, forclassA networks,thesubnet maskis 255.0.0.0. By usingnetwork masks,you can divide a
network into several subnets. Subnetting means to use some bits of the host address as the network address, thus decreasing the
host capacity, and increasing the number of networks. In this case, network masks are called subnet masks.



Broadcast Packet

Broadcast packets refer to the packets destined for all hosts on a physical network. FS products support two types of broadcast
packets: (1) directed broadcast, which indicates that all hosts on the specified network are packet receivers and the host bits of a
destination address are all 1s; (2) limited broadcast, which indicates that all hosts on all networks are packet receivers and the 32 bits
of a destination address are all 1s.



ICMP Packet

Internet Control Message Protocol (ICMP) is a sub-protocol in the TCP/IP suite for transmitting control messages between IP hosts and
network devices. It is mainly used to notify corresponding devices when the network performance becomes abnormal.



TTL

TimeToLive(TTL) referstothenumber of networksegments wherepacketsareallowed topass beforethepacketsarediscarded.The
TTL is a value in an IP packet. It informs the network whether packets should be discarded as the packets stay on the network for a
long time.
Features
Feature

Description

IP Address

The IP protocol can run on an interface only after the interface is configured with an IP address.

Broadcast

Packet Broadcast addresses are configured and broadcast packets are forwarded and processed.

Processing
Sending ICMP Packets
Limiting

Transmission

ICMP packets are sent and received.
This function prevents Denial of Service (DoS) attacks.

Rate of ICMP Error
Packets
IP MTU

Maximum Transmission Unit (MTU) of IP packets on an interface is configured.

IP TTL

The TTL of unicast packets and broadcast packets is configured.

IP Source Route

Source routes are checked.

1.3.1 IP Address

IP addresses are obtained on an interface in the following ways:
11.

Manually configuring IP addresses

12.

Obtaining IP addresses through DHCP

13.

Obtaining IP addresses through PPP negotiation

These approaches are mutually exclusive. If you configure a new approach to obtain an IP address , the old IP address will be
overwritten.
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For details on how to obtain IP addresses through DHCP, see the “DHCP” chapter. The following describes the other three
approaches for obtaining IP addresses.



Configuring the IP Address for an Interface

A device can receive and send IP packets only after the device is configured with an IP address. Only the interface configured with an
IP address can run the IP protocol.



Configuring Multiple IP Addresses for an Interface

FS products support multiple IP address configuration on one interface, of which one is a primary IP address and the others are
secondary IP addresses. Theoretically, the number of secondary IP addresses is not limited. However, secondary IP addresses must
belong to different networks and secondary IP addresses must be in different networks from primary IP addresses. In network
construction, secondary IP addresses are often used in the following circumstances:



Anetworkdoesnot haveenough hostaddresses.Forexample, aLANnowneedsone classCnetworktoallocate254addresses.
However, when the number of hosts exceeds 254, one class C network is not enough and another class C network is needed. In
this case, two networks need to be connected. Therefore, more IP addresses are needed.



Many old networks are based on L2 bridged networks without subnetting. You can use secondary IP addresses to upgrade the
network to a routing network based on IP layer. For each subnet, one device is configured with one IP address.



When two subnets of one network are isolated by another network, you can connect the isolated subnets by creating a subnet
of the isolated network and configuring a secondary address. One subnet cannot be configured on two or more interfaces of a
device.



Obtaining an IP Addresses through PPP Negotiation
This command is supported on point-to-point interfaces only.

Through this configuration, a point-to-point interface accepts the IP address assigned by the peer end through PPP negotiation.



Borrowing an IP Addresses from Another Interface

One interface may not be configured with an IP address. To enable the interface, it must borrow an IP address from another
interface.
IP addresses of Ethernet interfaces, tunnel interfaces, and loopback interfaces can be borrowed. However, these interfaces
cannot borrow IP addresses from other interfaces.
The IP addresses of borrowed interfaces cannot be borrowed from other interfaces.
If a borrowed interface has multiple IP addresses, only the primary IP address can be borrowed.
The IP address of one interface can be lent to multiple interfaces.
IP addresses of borrowing interfaces are always consistent with and vary with IP addresses of borrowed interfaces.
Related Configuration



Configuring an Interface with One or More IP Addresses



By default, an interface is not configured with an IP address.



The ip address command is used to configure an IP address for an interface.



After an IP address is configured, the IP address can be used for communication when it passes conflict detection.
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The ip address ip-address mask secondary command can be used to configure multiple secondary IP addresses.



Borrowing an IP Address from Other Interfaces



By default, an interface is not configured with an IP address.



The ip unnumbered command can be used to borrow IP addresses from other interfaces.

1.3.2 Broadcast Packet Processing

Working Principle
Broadcast is divided into two types. One is limited broadcast, and the IP address is 255.255.255.255. Because the broadcast is
prohibited by routers, the broadcast is called local network broadcast.The other isdirected broadcast. All host bits are 1s, for example,
192.168.1.255/24. The broadcast packets with these IP addresses can be forwarded.
IfIP network devices forward limited broadcast packets (destinationIP address is 255.255.255.255), the network may be overloaded,
which severely affects network performance. This circumstance is called broadcast storm. Devices provide some approaches to
confine broadcast storms within the local network and prevent continuous spread of broadcast storms. L2 network devices such as
bridges and switches forward and spread broadcast storms.
The best way to avoid broadcast storm isto assign a broadcast address toeach network, which isdirected broadcast.This requires the
IP protocol to use directed broadcast rather than limited broadcast to spread data.
For details about broadcast storms, see RFC 919 and RFC 922.
Directed broadcast packets refer to the broadcast packets destined for a subnet. For example, packets whose destination address is
172.16.16.255arecalleddirectedbroadcastpackets.However,thenode thatgenerates thepacketsisnot amemberof thedestination
subnet.
After receiving directed broadcast packets, the devices not directly connected to the destination subnet forward the packets. After
directed broadcast packets reach the devices directly connected to the subnet, the devices convert directed broadcast packets to
limited broadcast packets (destination IP address is 255.255.255.255) and broadcast the packets to all hosts on the destination subnet
at the linklayer.
Related Configuration



Configuring an IP Broadcast Address



By default, the IP broadcast address of an interface is 255.255.255.255.



To define broadcast packets of other addresses, run the ip broadcast-address command on the interface.



Forwarding Directed Broadcast Packets



By default, directed broadcast packets cannot be forwarded.



On the specified interface, you can run the ip directed-broadcast command to enable directed broadcast packets forwarding.
Inthisway, the interfacecanforward directedbroadcastpackets tonetworks thatare directlyconnected. Broadcastpacketscan
be transmitted within the destination subnet without affecting forwarding of other directed broadcast packets.



On an interface, you can define an Access Control List (ACL) to transmit certain directed broadcast packets. After an ACL is
defined, only directed broadcast packets that match the ACL are forwarded.
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1.3.3 SendingICMPPackets

Working Principle



ICMP Protocol Unreachable Message

A device receives non-broadcast packets destined for itself, and he packets contain the IP protocol that cannot be processed by the
device. The device sends an ICMP protocol unreachable message to the source host. Besides, if the device does not know a route to
forward packets, it also sends an ICMP host unreachable message.



ICMP Redirection Message

Sometimes, a route may be less than optimal, which makes a device send packets from the interface that receives packets. If a device
sends packets from an interface on which it receives the packets, the device sends an ICMP redirection message to the source,
informing the source that the gateway is another device on the same subnet. In this way, the source sends subsequent packets
according to the optimal path.



ICMP Mask Response Message

Sometimes,anetworkdevicesendsan ICMPmaskrequestmessagetoobtain themaskof asubnet..The networkdevicethatreceives
the ICMP mask request message sends a mask response message.



Error Message for TTL Timeout

When forwarding an IP packet of which TTL expires, a device responds to the source end with an error message indicating exceeded
TTL. To prevent attacks after the route is traced, the functionality of sending such error messages can be disabled.



Timestamp Query

RFC 792 requires the system, after receiving an ICMP timestamp request query message, to return its current time. You can disable
sending of such reply messages to avoid attacks aimed at time-based protocols. By this means, once received, ICMP timestamp
request query messages are discarded.
Related Configuration



Enabling ICMP Protocol Unreachable Message



By default, the ICMP Protocol unreachable message function is enabled on an interface.



You can run the [no] ip unreachables command to disable or enable the function.



Enabling ICMP Redirection Message



By default, the ICMP redirection message function is enabled on an interface.



You can run the [no] ip redirects command to disable or enable the function.



Enabling ICMP Mask Response Message



By default, the ICMP mask response message function is enabled on an interface.



You can run the [no] ip mask-reply command to disable or enable the function.



Enabling Error Message for TTL Timeout



By default, the error message for TTL timeout function is enabled.
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You can run the [no] ip ttl-expires enable command to disable or enable the function.



Enabling Timestamp Query



By default, the timestamp query function is enabled on an interface.



You can run the [no] ip icmp timestamp command to disable or enable the function.

1.3.4 Limiting Transmission Rate of ICMP Error Packets

Working Principle
This function limits the transmission rate of ICMP error packets to prevent DoS attacks by using the token bucket algorithm.
If an IP packet needs to be fragmented but the Don’t Fragment (DF) bit in the header is set to 1, the device sends an ICMP destination
unreachable packet (code 4) to the source host. This ICMP error packet is used to discover the path MTU. When there are too many
other ICMP error packets, the ICMP destination unreachable packet (code 4) may not be sent. As a result, the path MTU discovery
function fails. To avoid this problem, you should limit the transmission rate of ICMP destination unreachable packets and other ICMP
error packets respectively.
Related Configuration



Configuring the Transmission Rate of ICMP Destination Unreachable Packets Triggered by DF Bit in the IP Header



The default transmission rate is 10 packets every 100 milliseconds.



The ip icmp error-interval DF command can be used to configure the transmission rate.



Configuring the Transmission Rate of Other ICMP Error Packets



The default transmission rate is 10 packets every 100 milliseconds.



The ip icmp error-interval command can be used to configure the transmission rate.

1.3.5 IP MTU

Working Principle
Ifan IPpacket exceedstheIPMTUsize,theFSOS softwaresplitsthepacket.Forall devicesinthesamephysical networksegment, the
IP MTU of interconnected interfaces must be the same. Youcan adjust the link MTU of interfaces on FS products. After the link MTU of
interfaces is changed, the IP MTU of interfaces will be changed. The IP MTU of interfaces automatically keeps consistent with the link
MTU of interfaces. However, if the IP MTU of interfaces is adjusted, the link MTU of interfaces will not be changed.
Related Configuration



Setting the IP MTU



By default, the IP MTU of an interface is 1500.



The ip mtu command can be used to set the IP packet MTU.

1.3.6 IP TTL

Working Principle
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An IP packet is transmitted from the source address to the destination address through routers. After a TTL value is set, the TTL value
decreases by 1 every time when the IP packet passes a router. When the TTL value drops to zero, the router discards the packet. This
prevents infinite transmission of useless packets and waste of bandwidth.
Related Configuration



Setting the IP TTL



By default, the IP TTL of an interface is 64.



The ip ttl command can be used to set the IP TTL of an interface.

1.3.7 Protecting IP Routed Ports

Working Principle
This command is used to forbid packets to come in and go out via the same routed port.
Related Configuration



Enabling Protection of IP Routed Ports



By default, protection of IP routed ports is disabled.



The ip redirect-drop command can be used to enable or disable the function.

1.3.8 IPSource Route

Working Principle
FS products support IP source routes. When a device receives an IP packet, it checks the options such as source route, loose source
route, and record route in the IP packet header. These options are detailed in RFC 791. If the device detects that the packet enables
one option, it responds; if the device detects an invalid option, it sends an ICMP parameter error message to the source and then
discards the packet.
After the IP source route is enabled, the source route option is added to an IP packet to test the throughput of a specific network or
help the packet bypasses the failed network. However, this may cause network attacks such as source address spoofing and IP
spoofing.
Related Configuration



Configuring an IP Source Route



By default, the IP source route function is enabled.



The ip source-route command can be used to enable or disable the function.

1.3.9 Specifying the Source Address of ICMP Packets

Working Principle
In a network with a laFSe number of IP addresses configured, it is complex for receivers to recognize from which device ICMP packets
are sent. To simplify the judgement, you can choose a specified address, like the address of the loopback interface, as the source
address for ICMP packets.
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Related Configuration



Specifying the Source Address of ICMP Packets



By default, no source address is configured for ICMP packets.



Inglobalconfigurationmode,usetheipicmpsource[vrfvrf-name]ip-addresscommandtospecifythesourceaddressofICMP
packets.

1.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure an IP address and allow the IP protocol to run on an interface.

Configuring the IP Addresses of
ip address

an Interface

ip unnumbered
Configuring

interface.
Borrows an IP address from another interface.

(Optional) It is used to set an IP broadcast address and enable directed broadcast forwarding.

Broadcast

Forwarding

Manually configures the IP address of an

ip broadcast-address

Configures an IP broadcast address.

ip directed-broadcast

Enables directed broadcast forwarding.

(Optional) It is used to enable ICMP packet forwarding.
ip unreachables
Configuring ICMP Forwarding

Enables ICMP unreachable messages and host
unreachable messages.

ip redirects

Enables ICMP redirection messages.

ip mask-reply

Enables ICMP mask response messages.

ip ttl-expires enable

Enables error messages for TTL timeout.

ip icmp timestamp

Enables Timestamp Query.

Optional.
Configuring the Transmission
Rate of ICMP Error Packets

Configures the transmission rate of ICMP
ip icmp error-interval DF

DF bit in the IP header.
ip icmp error-interval

ip mtu

ip ttl

www.fs.com

Sets the MTU value.

Sets the TTL value.
(Optional) It is used to check the source routes.

ip source-route

ICMP Packets

packets and ICMP redirection packets.

(Optional) It is used to configure the TTL of unicast packets and broadcast packets.

Setting the IP TTL

Specifying the Source Address of

Configures the transmission rate of ICMP error

(Optional) It is used to configure the IP MTU on an interface.

Setting the IP MTU

Configuring an IP Source Route

destination unreachable packets triggered by the

Enables the IP source route function.

(Optional) It is used to configure the source address of ICMP packets.
ip icmp source [ vrf vrf-name ] ip-address

Specifies the source address for ICMP packets.
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1.4.1 Configuring the IP Addresses of an Interface

Configuration Effect
Configure the IP address of an interface for communication.
Notes



N/A

Configuration Steps



Configuring the IP Address of an Interface



Mandatory



Perform the configuration in L3 interface configuration mode.



Obtaining the IP Address of an Interface through PPP Negotiation



Optional



If a point-to-point interface is not configured with an IP address, obtain an IP address through PPP negotiation.



Perform the configuration in L3 interface configuration mode.



Borrowing an IP Addresses from Another Interface



Optional



If a point-to-point interface is not configured with an IP address, borrow an IP address from another interface.



Perform the configuration in L3 interface configuration mode.

Verification
Run the show ip interface command to check whether the configuration takes effect.
Related Commands



Manually Configuring the IP Address of an Interface

Command

ip address ip-address network-mask [ secondary ]

Parameter

ip-address:32-bit IPaddress,with8bitsforeachgroup.The IPaddressisexpressedindecimal andgroupsareseparated

Description

by a full stop (.).
network-mask: 32-bit network mask. Value 1 indicates the mask bit and 0 indicates the host bit. Every 8 bits form one
group. The network mask is expressed in decimal and groups are separated by a full stop (.).
secondary: Secondary IP address.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Borrowing an IP Addresses from Another Interface

Command

ip unnumberedinterface-type interface-number

Parameter

interface-type: Interface type.

Description

interface-number: Interface ID.
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Command

Interface configuration mode

Mode
Usage Guide

An unnumbered interface indicates that the interface is enabled with the IP protocol without an IP address assigned. An
unnumberedinterfaceneeds tobe associated withaninterfaceconfiguredwithanIPaddress.Foran IPpacketgenerated
on an unnumbered interface, the source IP address of the packet is the IP address of the associated interface. In addition,
the routing protocol process decides whether to send a route update packet to the unnumbered interface according to
its associated IP address. If you want to use an unnumbered interface, pay attention to the following limitations:
An Ethernet interface cannot be set to an unnumbered interface.
When a serial interface encapsulates SLIP, HDLC, PPP, LAPB, and Frame-Relay, the serial interface can be set to an
unnumbered interface. During Frame
-Relay encapsulation, however, only a point-to-point interface can be configured as an unnumbered interface. AnX.25
interface cannot be configured as an unnumbered interface.
The ping command cannot be used to check whether an unnumbered interface is working properly because an
unnumbered interface is not configured with an IP address. However, you can monitor the status of an unnumbered
interface remotely through SNMP.
A device cannot be cold started through an unnumbered interface.

Configuration Example



Configuring an IP Address for an Interface

Configuration

Configure IP address 192.168.23.110 255.255.255.0 on interface GigabitEthernet 0/0.

Steps
FS#configure terminal
FS(config)#interface gigabitEthernet 0/0
FS(config-if-GigabitEthernet 0/0)# no switchport
FS(config-if-GigabitEthernet 0/0)#ip address 192.168.23.110 255.255.255.0
Verification

Run the show ip interface command to check whether the configuration takes effect.
FS# show ip interface gigabitEthernet 0/0
GigabitEthernet 0/0
IP interface state is: UP
IP interface type is: BROADCAST
IP interface MTU is: 1500
IP address is:
192.168.23.110/24 (primary)

1.4.2 Configuring Broadcast Forwarding

Configuration Effect
Set the broadcast address of an interface to 0.0.0.0 and enable directed broadcast forwarding.
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Notes
N/A
Configuration Steps



Configuring an IP Broadcast Address



(Optional) Some old hosts may identify broadcast address 0.0.0.0 only. In this case, set the broadcast address of the taFSet
interface to 0.0.0.0.



Perform the configuration in L3 interface configuration mode.



Enabling Directed Broadcast Forwarding



(Optional) If you want to enable a host to send broadcast packets to all hosts in a domain that it is not in, enable directed
broadcast forwarding.



Perform the configuration in L3 interface configuration mode.

Verification
Run the show running-config interface command to check whether the configuration takes effect.
Related Commands



Configuring an IP Broadcast Address

Command

ip broadcast-address ip-address

Parameter

ip-address: Broadcast address of an IP network.

Description
Command

Interface configuration mode

Mode
Usage Guide

Generally, the destination address of IP broadcast packets is all 1s, which is expressed as 255.255.255.255. The FSOS
software can generate broadcast packets of other IP addresses through definition and receive self-defined broadcast
packets and the broadcast packets with address 255.255.255.255.



Allowing Forwarding of Directed Broadcast Packets

Command

ip directed-broadcast [ access-list-number ]

Parameter

access-list-number:Accesslistnumber,rangingfrom1to199andfrom1300to2699.AfteranACLisdefined,onlydirected

Description

broadcast packets that match the ACL are forwarded.

Command

Interface configuration mode

Mode
Usage Guide

If the no ip directed-broadcast command is run on an interface, the FSOS software will discard directed broadcast
packets received from the network that is directly connected.

Configuration Example

www.fs.com

516

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Configuration

On interface gigabitEthernet 0/1, set the destination address of IP broadcast packets to 0.0.0.0 and enable directed

Steps

broadcast forwarding.
FS#configure terminal
FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# no switchport
FS(config-if-GigabitEthernet 0/1)#ip broadcast-address 0.0.0.0
FS(config-if-GigabitEthernet 0/1)#ip directed-broadcast

Verification

Run the show ip interface command to check whether the configuration takes effect.
FS#show running-config interface gigabitEthernet 0/1
ip directed-broadcast
ip broadcast-address 0.0.0.0

1.4.3 ConfiguringICMP Forwarding

Configuration Effect
Enable ICMP unreachable messages, ICMP redirection messages, and mask response messages on an interface.
Notes
N/A
Configuration Steps



Enabling ICMP Unreachable Messages



By default, ICMP unreachable messages are enabled.



Optional)The no ip unreachables command can be used to disable ICMP unreachable messages.



Perform the configuration in L3 interface configuration mode.



Enabling ICMP Redirection Messages



By default, ICMP redirection messages are enabled.



Optional)The no ip redirects command can be used to disable ICMP redirection messages.



Perform the configuration in L3 interface configuration mode.



Enabling ICMP Mask Response Messages



By default, ICMP mask response messages are enabled.



Optional)The no ip mask-reply command can be used to disable ICMP mask response messages.



Perform the configuration in L3 interface configuration mode.



Enabling Error Messages for TTL Timeout



By default, error messages for TTL timeout are enabled.



(Optional) The no ip ttl-expires enable command can be used to disable error messages for TTL timeout.
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Perform the configuration in global configuration mode.



Enabling Timestamp Query



By default, timestamp query is enabled.



(Optional) The no ip icmp timestamp command can be used to disable timestamp query.



Perform the configuration in global configuration mode.

Verification
Run the show ip interface command to check whether the configuration takes effect.
Run the show running-config command to check whether error messages for TTL timeout are disabled.
Run the show running-config command to check whether timestamp query is disabled.
Related Commands



Enabling ICMP Unreachable Messages

Command

ip unreachables

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



N/A

Enabling ICMP Redirection Messages

Command

ip redirects

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



N/A

Enabling ICMP Mask Response Messages

Command

ip mask-reply

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



N/A

Enabling Error Messages for TTL Timeout

Command

no ip ttl-expires enable

Parameter

N/A

Description
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Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling Timestamp Query

Command

no ip icmp timestamp

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example
Configuration

Enable ICMP unreachable messages, ICMP redirection messages, and mask response messages on interface

Steps

gigabitEthernet 0/1.
FS#configure terminal
FS(config)# no ip ttl-expires enable
FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# no switchport
FS(config-if-GigabitEthernet 0/1)# ip unreachables
FS(config-if-GigabitEthernet 0/1)# ip redirects
FS(config-if-GigabitEthernet 0/1)# ip mask-reply

Verification

Run the show ip interface command to check whether the configuration takes effect.
FS#show running-config | include ip ttl-expires enable
no ip ttl-expires enable
FS#show ip interface gigabitEthernet 0/1
GigabitEthernet 0/1
ICMPmask replyis:ON
Send ICMP redirect is:ON
Send ICMP unreachabled is: ON

1.4.4 Configuring the Transmission Rate of ICMP Error Packets

Configuration Effect
Configure the transmission rate of ICMP error packets.
Notes
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N/A
Configuration Steps



Configuring the Transmission Rate of ICMP Destination Unreachable Packets Triggered by the DF Bit in the IP Header



Optional



Perform the configuration in global configuration mode.



Configuring the Transmission Rate of Other ICMP Error Packets



Optional



Perform the configuration in global configuration mode.

Verification
Run the show running-config command to check whether the configuration takes effect.
Related Commands



Configuring the Transmission Rate of ICMP Destination Unreachable Packets Triggered by the DF Bit in the IP Header

Command

ip icmp error-interval DF milliseconds [bucket-size]

Parameter

milliseconds: Refresh cycle of a token bucket. The value range is from 0 to 2,147,483,647 and the default value is 100

Description

milliseconds. When the value is 0, the transmission rate of ICMP error packets is not limited.
bucket-size: Number of tokens contained in a token bucket.The value range is from 1 to 200 and the default value is 10.

Command

Global configuration mode.

Mode
Usage Guide

This function limits the transmission rate of ICMP error packets to prevent DoS attacks by using the token bucket
algorithm.
If an IP packet needs to be fragmented but the DF bit in the header is set to 1, the device sends an ICMP destination
unreachable packet (code 4) to the source host. This ICMP error packet is used to discover the path MTU. When there are
too many other ICMP error packets, the ICMP destination unreachable packet (code 4) may not be sent. As a result, the
path MTU discovery function fails. To avoid this problem, you should limit the transmission rate of ICMP destination
unreachable packets and other ICMP error packets respectively.
It is recommended to set the refresh cycle to integral multiples of 10 milliseconds. If the refresh cycle is set to a value
greater than 0 and smaller than 10 milliseconds, the refresh cycle that actually takes effect is 10 milliseconds. For
example, if the refresh rate is set to 1 per 5 milliseconds, the refresh rate that actually takes effect is 2 per 10 milliseconds.
If the refresh cycle is not integral multiples of 10 milliseconds, the refresh cycle that actually takes effect is automatically
converted to integral multiples of 10 milliseconds. For example, if the refresh rate is set to 3 per 15 milliseconds, the
refresh rate that actually takes effect is 2 per 10milliseconds.



Configuring the Transmission Rate of Other ICMP Error Packets

Command

ip icmp error-interval milliseconds [bucket-size]

Parameter

milliseconds: Refresh cycle of a token bucket. The value range is 0to 2,147,483,647, and the default value is 100 (ms).

Description

When the value is 0, the transmission rate of ICMP error packets is not limited.
bucket-size: Number of tokens contained in a token bucket. The value range is 1to 200 and the default value is 10.

Command
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Mode
Usage Guide

This function limits the transmission rate of ICMP error packets to prevent DoS attacks by using the token bucket
algorithm.
It is recommended to set the refresh cycle to integral multiples of 10 milliseconds. If the refresh cycle is set to a value
greater than 0 and smaller than 10 milliseconds, the refresh cycle that actually takes effect is 10 milliseconds. For
example, if the refresh rate is set to 1 per 5 milliseconds, the refresh rate that actually takes effect is 2 per 10 milliseconds.
If the refresh cycle is not integral multiples of 10 milliseconds, the refresh cycle that actually takes effect is automatically
converted to integral multiples of 10 milliseconds. For example, if the refresh rate is set to 3 per 15 milliseconds, the
refresh rate that actually takes effect is 2 per 10 milliseconds.

Configuration Example
Configuration

Set the transmission rate of ICMP destination unreachable packets triggered the DF bit in IP header to 100 packets per

Steps

second and the transmission rate of other ICMP error packets to 10 packets per second.
FS(config)# ip icmp error-interval DF 1000 100
FS(config)# ip icmp error-interval 1000 10

Verification

Run the show running-config command to check whether the configuration takes effect.
FS#showrunning-config|includeipicmperror-interval
ip icmp error-interval 1000 10
ip icmp error-interval DF 1000 100

1.4.5 Setting the IP MTU

Configuration Effect
Adjust the IP packet MTU.
Notes
N/A
Configuration Steps



(Optional) When the IP MTU of interconnected interfaces is different on devices in the same physical network segment, set the
IP MTU to the same value.



Perform the configuration in L3 interface configuration mode.

Verification
Run the show ip interface command to check whether the configuration takes effect.
Related Commands



Setting the IP MTU

Command

ip mtubytes

Parameter

bytes: IP packet MTU. The value range is from 68 to 1,500 bytes.

Description

www.fs.com

521

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
Configuration

Set the IP MTU of interface gigabitEthernet 0/1 to 512 bytes.

Steps
FS#configure terminal
FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# no switchport
FS(config-if-GigabitEthernet 0/1)#ip mtu 512
Verification

Run the show ip interface command to check whether the configuration takes effect.
FS# show ip interface gigabitEthernet 0/1
IP interface MTU is: 512

1.4.6 Setting the IP TTL

Configuration Effect
Modify the IP TTL value of an interface.
Notes
N/A
Configuration Steps



Optional



Perform the configuration in L3 interface configuration mode.

Verification
Run the show run-config command to check whether the configuration takes effect.
Related Commands



Setting the IP TTL

Command

ip ttl value

Parameter

value: TTL value. The value range is from 0 to 255.

Description
Command

Global configuration mode.

Mode
Usage Guide

N/A

Configuration Example
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Configuration



Set the TTL of unicast packets to 100.

Steps
FS#configure terminal
FS(config)#ip ttl 100
Verification

Run the show run-config command to check whether the configuration takes effect.
FS#show running-config
ip ttl 100

1.4.7 Configuring Protection of IP Routed Ports

Configuration Effect
Enable or disable protection of IP routed ports.
Notes
This configuration is supported on Layer 3 routed ports.
Configuration Steps



By default, protection of IP routed ports is disabled.



(Optional) The ip redirect-drop command can be used to enable or disable the function.

Verification
Run the show run-config command to check whether the configuration takes effect.
Related Commands



Configuring Protection of IP Routed Ports

Command

ip redirect-drop

Parameter

N/A

Description
Command

Interface configuration mode.

Mode
Usage Guide

N/A

Configuration Example
Configuration



Requries packets coming in via the fastEthernet 0/1 interface to go out via other routed ports .

Steps
FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#ip redirect-drop
Verification

Run the show run-config command to check whether the configuration takes effect.
FS#show running-config
ip redirect-drop
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1.4.8 Configuring an IP Source Route

Configuration Effect
Enable or disable the IP source route function.
Notes
N/A
Configuration Steps



By default, the IP source route function is enabled.



Optional) The no ip source-route command can be use to disable the IP source route function.

Verification
Run the show run-config command to check whether the configuration takes effect.
Related Commands



Configuring an IP Source Route

Command

ip source-route

Parameter

N/A

Description
Command

Global configuration mode.

Mode
Usage Guide

N/A

Configuration Example
Configuration



Disable the IP source route function.

Steps
FS#configure terminal
FS(config)#no ip source-route
Verification

Run the show run-config command to check whether the configuration takes effect.
FS#show running-config
no ip source-route

1.4.9 Specifying the Source Address of ICMP Packets

Configuration Effect
Choose a specific address as the source address for ICMP packets.
Notes
N/A
Configuration Steps
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Specifying the Source Address of ICMP Packets



Optional



Set a source address for ICMP packets in global configuration mode.

Verification
After the configuration, the specified address is used as the source address for ICMP reply packets.
Related Commands



Specifying the Source Address of ICMP Packets

Command

ip icmp source [ vrf vrf-name ] ip-address

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

In a network with a laFSe number of IP addresses configured, it is complex for receivers to recognize from which device
ICMP packets are sent. Tosimplify the judgement, you can choose a specified address, like the address of the loopback
interface, as the source address for ICMP packets.

Configuration Example
Configuration



Configure the source address for ICMP packets.

Steps
FS(config)#ipicmpsource192.168.1.1
Verification
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Building configuration...
Current configuration : 4438 bytes

version 11.0(5)B9P23
hostname N5860-48SC_2
!
load-balance-profile FS
hash-disturb 5
!
no spanning-tree
!
expert access-list extended 2704
!
expert access-list extended 2705
!
ip vrf VRF-A
rd 100:1
route-taFSet both 100:1
!
username FS privilege 15 password FS
!
install 0FS-N5860-48SC
!
sysmac 5869.6c9d.b47c
!
nfpp
!
ip icmp source 192.168.1.1
!
……

1.5 Monitoring
Displaying
Description
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Displays the IP address of an interface.

show ip interface [interface-typeinterface-number | brief]

Displays IP packet statistics.

show ip packet statistics [total | interface-name]

Displays statistics of IP packets on an interface.

show ip interface-statistics [ interface-name ] { ipv4 | ipv6 }

Displays statistics on sent and received IP packets in
the protocol stack.

2

show ip packet queue

Configuring ARP

2.1 Overview
In a local area network (LAN), each IP network device has two addresses: 1) local address. Since the local address is contained in the
header of the data link layer (DLL) frame, it is a DLL address. However, it is processed by the MAC sublayer at the DLL and thereby is
usually called the MAC address. MAC addresses represent IP network devices on LANs. 2) network address. Network addresses on the
Internet represent IP network devices and also indicate the networks where the devices reside.
In a LAN, two IP devices can communicate with each other only after they learn the 48-bit MAC address of each other. The process of
obtaining the MAC address based on the IP address is called address resolution. There are two types of address resolution protocols: 1)
AddressResolution Protocol (ARP); 2) Proxy ARP.ARP and Proxy ARPare described respectivelyin RFC 826 and RFC 1027.
ARP is used to bind the MAC address with the IP address. When you enter an IP address, you can learn the corresponding MAC address
through ARP.Once the MAC address is obtained, the IP-MAC mapping will be saved to the ARP cache of the network device. With the
MAC address, the IP device can encapsulate DLL frames and send them to the LAN. By default, IP and ARP packets on the Ethernet are
encapsulated in Ethernet II frames.
Protocols and Standards



RFC 826: An Ethernet Address Resolution Protocol



RFC 1027: Using ARP to implement transparent subnet gateways

2.2 Applications
Application

Description

LAN-based ARP

A user learns the MAC addresses of other users in the same network segment through ARP.

Proxy

ARP-based

Transparent

Transmission

With Proxy ARP, a user can directly communicate with users in another network without
knowing that it exists.

2.2.1 LAN-based ARP

Scenario
ARP is required in all IPv4 LANs.



A user needs to learn the MAC addresses of other users through ARP to communicate with them.
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Figure 2- 1

Remarks

A is a router.
Bisaswitch.Itactsasthegateway.
C, D, and E are hosts.

Deployment



Enable ARP in a LAN to implement IP-MAC mapping.

2.2.2 Proxy ARP-based Transparent Transmission

Scenario
Transparent transmission across IPv4 LANs is performed.



Enable Proxy ARP on the router to achieve direct communication between users in different network segments.

Figure 2- 2

Remarks

A is a router connecting two LANs.
B and C are hosts in different subnets. No default gateway is configured for them.

Deployment



Enable Proxy ARP on the subnet gateway. After configuration, the gateway can act as a proxy to enable a host without any route
information to obtain MAC addresses of IP users in other subnets.

2.3 Features
Overview
Feature
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Static ARP

Users can manually specify IP-MAC mapping to prevent the device from learning incorrect ARP entries.

ARP Attributes

Users can specify the ARP entry timeout, ARP request retransmission times and interval, and maximum
number of unresolved ARP entries.

Gratuitous ARP

GratuitousARP isused todetect IPaddress conflictsand enable peripheral devices to update ARP entries.

Proxy ARP

A proxy replies to the ARP requests from other devices in different subnets.

Local Proxy ARP

A proxy replies to the ARP requests from other devices in the same subnet.

Any IP ARP

Users can access the network without changing the IP address and gateway.

ARP

Trustworthiness

Neighbor Unreachable Detection (NUD) is used to ensure that correct ARP entries are learned.

Detection
Scheduled Automatic ARP

Enable scheduled automatic ARP scanning on neighbors in the LAN.

Scanning
ARP-based IP Guard

Youcan set the number of IP packets for triggering ARP drop to prevent a laFSe number of unknown unicast
packets from being sent to the CPU.

Refraining from Sending
ARP

Requests

The device refrains from sending ARP broadcast requests to authentication VLANs to reduce the number of
to

ARP broadcast requests in the network.

Authentication VLANs
ARP

VXLAN-related

Enable automatic ARP entry learning, ARP requests, and gratuitous ARP request suppression.

Functions
Fast Aging of ARP Entries

Enable fast aging of fast aging of ARP entries on an interface.

FastRemovalofARPEntries

Enable fast removal of ARP entries when L2 ports get down.

Passive

ARP

Response Users can enable active ARP response packet learning

Packet Learning
ARP Probe upon

MAC Users can enable ARP probe upon MAC address flapping.

Address Flapping
2.3.1 Static ARP

Static ARP entries can be configured manually or assigned by the authentication server.The manually configured ones prevail. Static
ARP can prevent the device from learning incorrect ARP entries.
Working Principle
If static ARP entries are configured, the device does not actively update ARP entries and these ARP entries permanently exist.
When the device forwards Layer-3 packets, the static MAC address is encapsulated in the Ethernet header as the destination MAC
address.
Related Configuration

 Enabling Static ARP
Run the arp [vrf name] ip-address mac-address type command in global configuration mode to configure static ARP entries. By default,
no static ARP entry is configured. Users can bind static ARP entries to individual VRF instances or the global VRF instance. ARP
encapsulation supports only the Ethernet II type, which is represented by ARPA.
2.3.2 ARP Attributes

Users can specify the ARP timeout, ARP request retransmission interval and times, maximum number of unresolved ARP entries, and
maximum number of ARP entries on an interface.
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Working Principle



ARP Timeout

The ARP timeout only applies to the dynamically learned IP-MAC mapping. When the ARP entry timeout expires, the device sends a
unicast ARP request packet to detect whether the peer end is online. If it receives an ARP reply from the peer end, it does not delete
this ARP entry. Otherwise, the device deletes this ARP entry.
When the ARP timeout is set to a smaller value, the mapping table stored in the ARP cache is more accurate but ARP consumes more
network bandwidth.



ARP Request Retransmission Interval and Times

The device consecutively sends ARP requests to resolve an IP address to a MAC address. The shorter the retransmission interval is, the
faster the resolution is. The more times the ARP request is retransmitted, the more likely the resolution will succeed and the more
bandwidth ARP willconsume.



Maximum Number of Unresolved ARP Entries

In a LAN, ARP attacks and scanning may cause a laFSe number of unresolved ARP entries generated on the gateway. As a result, the
gateway fails to learn the MAC addresses of the users. To prevent such attacks, users can configure the maximum number of
unresolved ARP entries.



Maximum Number of ARP Entries on an Interface

Configure the maximum number of ARP entries on a specified interface to prevent ARP entry resource waste.
Related Configuration



Configuring the ARP Timeout

Run the arp timeout seconds command in interface configuration mode to configure the ARP timeout. The default timeout is 3,600
seconds. You can change it based on actual situations.



Configuring the ARP Request Retransmission Interval and Times



Runthearpretryintervalsecondscommand inglobal configurationmode toconfiguretheARPrequestretransmissioninterval.
The default interval is 1 second. You can change it based on actual situations.



Runthearpretrytimesnumber command inglobalconfigurationmode toconfigure theARPrequestretransmissiontimes.The
default number of retransmission times is 5. You can change it based on actual situations.



Configuring the Maximum Number of Unresolved ARP Entries

Run the arp unresolve number command inglobal configuration mode to configure the maximum number of unresolved ARP entries.
The default value is the maximum number of ARP entries supported by the device. Youcan change it based on actual situations.



Configuring the Maximum Number of ARP Entries on an Interface

Run the arp cache interface-limit limit command in interface configuration mode to configure the maximum number of ARP entries
learned on an interface. The default number is 0. You can change it based on actual situations. This command also applies to static
ARP entries.
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2.3.3 Gratuitous ARP

Working Principle
Gratuitous ARP packets are a special type of ARP packets. In a gratuitous ARP packet, the source and destination IP addresses are the
IP address of the local device. Gratuitous ARP packets have two purposes:
1.

IPaddress conflict detection. If thedevice receives a gratuitous packetand finds the IPaddress inthe packet the same as its own
IP address, it sends an ARP reply to notify the peer end of the IP address conflict.

2.

ARPupdate.WhentheMACaddressofaninterfacechanges,thedevicesendsagratuitousARPpackettonotifyotherdevicesto
update ARP entries.

The device can learn gratuitous ARP packets. After receiving a gratuitous ARP packet, the device checks whether the corresponding
dynamic ARP entry exists. If yes, the device updates the ARP entry based on the information carried inthe gratuitous ARP packet.
Related Configuration



Enabling Gratuitous ARP

Run the arp gratuitous-send interval seconds [number] command in interface configuration mode to enable gratuitous ARP. This
function is disabled on interfaces by default. Generally you need to enable this function on the gateway interface to periodically
update the MAC address of the gateway on the downlink devices, which prevents others from faking the gateway.
2.3.4 Proxy

ARP

Working Principle
The device enabled with Proxy ARP can help a host without any route information to obtain MAC addresses of IP users in other
subnets. For example, if the device receiving an ARP request finds the source IP address in a different network segment from the
destination IP address and knows the route to the destination address, the device sends an ARP reply containing its own Ethernet
MAC address. This is how Proxy ARP works.
Related Configuration



Enabling Proxy ARP



Run the ip proxy-arp command in interface configuration mode to enable Proxy ARP.



This function is disabled by default.

2.3.5 Local Proxy ARP

Working Principle
Local Proxy ARP means that a device acts as a proxy in the local VLAN (common VLAN or sub VLAN).
After local Proxy ARP is enabled, the device can help users to obtain the MAC addresses of other users in the same subnet. For
example, when port protection is enabled on the device, users connected to different ports are isolated at Layer 2. After local Proxy
ARPisenabled, thedevicereceivinganARP request actsas aproxy tosend anARP replycontainingitsownEthernet MACaddress.In
this case, different users communicate with each other through Layer-3 routes. This is how local Proxy ARP works.
Related Configuration



Enabling Local Proxy ARP

www.fs.com

531

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Run the local-proxy-ar command in interface configuration mode to enable local Proxy ARP.



This function is disabled by default.



This command is supported only on switch virtual interfaces (SVIs).

2.3.6 Any IP ARP

Working Principle
If any IP ARP is enabled, users can access the network with any IP address. This applies when a user is using his own laptop in a hotel
and wants to access the network without changing the IP address and gateway. If the gateway receiving an ARP request finds the
source IP address in a different subnet and the destination address possibly not its own address, the gateway still sends an ARP reply
and creates a direct route for the user.
Related Configuration

 Enabling Any IP ARP
Run the arp any-ip command in interface configuration mode to enable any IP ARP. This function is disabled on interfaces by default.
2.3.7 ARPTrustworthinessDetection

Working Principle
The arp trust-monitor enable command is used to enable anti-ARP spoofing to prevent excessive useless ARP entries from
occupying device resources. After ARP trustworthiness detection is enabled on a Layer-3 interface, the device receives ARP request
packets from this interface:
1.

If the corresponding entry does not exist, the device creates a dynamic ARP entry and performs NUD after 1 to 5 seconds.That is,
the device begins to age the newly learned ARP entry and sends a unicast ARP request. If the device receives an ARP update
packet from the peer end within the aging time, it stores the entry. If not, it deletes the entry.

2.

If the corresponding ARP entry exists, NUD is not performed.

3.

If the MAC address in the existing dynamic ARP entry is updated, the device also performs NUD.

SincethisfunctionaddsastrictconfirmationprocedureintheARPlearningprocess,itaffectstheefficiencyofARPlearning.
After this function is disabled, NUD is not required for learning and updating ARP entries.
Related Configuration

 Enabling ARP Trustworthiness Detection
Run the arp trust-monitor enable command in interface configuration mode to enable ARP trustworthiness detection. This function
is disabled by default.
2.3.8 ScheduledAutomaticARPScanning

Working Principle
When scheduled automatic ARP scanning is enabled, the network segment configured on the interface is scanned in a scheduled
manner to learn the ARP entries of neighbors. The scanning interval ranges from 1 to 30 minutes, and the default interval is 5 minutes.
The scanning rate ranges from 1 to 100 pps, and the default rate is 20 pps.
Related Configuration
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Configuring ARP Scanning



Run the arp scan auto start-ip-address end-ip-address command in interface configuration mode to enable scheduled
automatic ARP scanning. By default, this function is disabled.



Run the arp scan interval minutes command in global configuration mode to configure the scanning interval.



Run the arp scan rate rate-value command in global configuration mode to configure the scanning rate.

2.3.9 ARP-based IP Guard

Working Principle
When receiving unresolved IP packets, the switch cannot forward them through the hardware and thereby need to send them to the
CPUfor address resolution. If alaFSe number of suchpackets are senttothe CPU, the CPU will be congested, affecting other services
on the switch.
AfterARP-based IPguard isenabled, the switchreceiving ARPrequest packets counts the number of packetsin which thedestination
IP address hits this ARP entry. If this number is equal to the configured number, the switch sets a drop entry in the hardware so that
the hardware will not send the packets with this destination IP address to the CPU. After the address resolution is complete, the switch
continues to forward the packets with this destination IP address.
Related Configuration



Enabling ARP-based IP Guard



Run the arp anti-ip-attack command in global configuration mode to configure the number of IP packets for triggering ARP
drop.



By default, the switch discards the corresponding ARP entry after it receives three unknown unicast packets containing the
same destination IPaddress.

2.3.10 Refraining from Sending ARP Requests to Authentication VLANs

Working Principle
In gateway authentication mode, all sub VLANs in a Super VLAN are authentication VLANs by default. Users in an authentication VLAN
havetopassauthenticationtoaccessthenetwork. Afterauthentication,astaticARPentryisgeneratedon thedevice.Therefore,when
accessing an authenticated user, the device does not need to send ARP requests tothe authenticationVLAN. If the device attempts to
access users in an authentication-exemptionVLAN, it only needs to send ARP requests to the authentication-exemptionVLAN.
In gateway authentication mode, this function is enabled on the device by default. If the device needs to access
authentication-exemption users in an authentication VLAN, disable this function.
Related Configuration



Refraining from Sending ARP Requests to Authentication VLANs



Run the arp suppress-auth-vlan-req command in interface configuration mode to refrain from sending ARP requests to
authentication VLANs.



This function is enabled by default.
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2.3.11 ARP VXLAN-related Functions

Working Principle
In the VXLAN+SDN environment, the ARP module provides the following functions to adapt to the SDN controller:
1.

Enabling/disabling automatic ARP entry learning on Overlay router interfaces: When the SDN controller is used to deliver ARP
entries to the device in a unified manner, run the no arp vxlan learning-enable command to disable the function. In this case,
the device does not learn or update ARP entries based on the received ARP packets.

2.

Enabling/disabling SDN controller response to ARP requests: When the SDN controller needs to manage ARP packets in a unified
manner, run the arp vxlan sdn-reply command to enable the function. In this case, ARP requests are copied to the SDN
controller for responses.

3.

Enabling/disabling gratuitous ARP request suppression on Overlay router interfaces: To prevent the problem that some terminals
no longer send ARP requests to the SDN controller after learning the ARP entries from the gratuitous ARP request packets sent
by the Overlay network gateway, run the arp vxlan suppress gratuitous arp command to enable gratuitous ARP request
suppression on Overlay router interfaces.

4.

Enabling/disabling Overlay router interfaces to actively send gratuitous ARP request packets:Toprevent the problem that aging
of the virtual MAC address of the overlay network gateway could lead to flooding of VXLAN-related traffic and thus affect device
performance, enable Overlay router interfaces to actively send gratuitous ARP request packets.

5.

Enabling/disabling generating of host routes after EVPN synchronizes ARP or ND entries to Overlay router interfaces.

For details about how to configure VXLAN, see VXLAN-SCG.doc.
2.3.12 ARP Packet Statistics Collection

Working Principle
The device counts the total numbers of sent/received ARP requests/responses and packets of unknown types on all interfaces from
power-on.
2.3.13 ARP Packet Rate Statistics Collection

Working Principle
The device measures, at a minimum interval of 1s, the rate of ARP requests, ARP responses, and packets of unknown types received on
each interface in a period of time.
2.3.14 Enabling Fast Aging of ARP Entries

Working Principle
ARP entries cannot be learned under unusual circumstances. After MAC addresses age, ARP entries age fast so as to achieve fast route
conveFSence.
Related Configuration

 Enabling Fast Aging of ARP Entries


In interface configuration mode, run the arp fast-aging enable command to enable fast aging of ARP entries.



By default, this function is disabled.
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2.3.15 Enabling Fast Removal of ARP Entries

Working Principle
When L2 ports get down, their corresponding ARP entries are fast deleted for fast routing conveFSence.
Related Configuration



Enabling Fast Removal of ARP Entries



In interface configuration mode, run the arp l2port-down fast-delete command to enable fast removal of ARP entries.



By default, this function is disabled.

2.3.16 Enabling Passive ARP Response Packet Learning

Working Principle
The device does not learn ARP response packets when it does not send ARP request packets by default. Run the arp replyauto-learning enable command to enable passive ARP response packet learning.
Related Configuration



Enabling Passive ARP Response Packet Learning



Run the arp reply-auto-learning enable command in global configuration mode to enable passive ARP response packet
learning.

2.3.17 Enabling ARP Probe upon MAC Address Flapping

Working Principle
IfMACaddressflapping occurs,namely, thelayer-2interfacechangesand isinconsistent withtheinterfacerecorded intheARPentry,
the device will continue to send ARP request packets to probe the actual interface until the probe succeeds.
Related Configuration



Enabling ARP Probe upon MAC Address Flapping



Run the arp mac-flapping resolve enable command in global configuration mode to enable ARP probe upon MAC address
flapping.




Configuring ARP Probe Interval upon MAC Address Flapping
Run the arp mac-flapping resolve interval [ seconds ] command in global configuration mode to configure ARP probe interval
upon MAC address flapping.



Configuring ARP Probe Count upon MAC Address Flapping



Run the arp mac-flapping resolve times [ number ] command in global configuration mode to configure ARP probe count
upon MAC address flapping.

2.4 Configuration
Configuration
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Configuration

Description and Command
(Optional) It is used to enable static IP-MAC binding.

Enabling Static ARP
arp

Enables static ARP.
(Optional) It is used to specify the ARP timeout, ARP request retransmission interval and times,
maximum number of unresolved ARP entries, and maximum number of ARP entries on an
interface.

arp timeout
Configuring ARP Attributes

arp retry interval
arp unresolve
arp cache interface-limit

Configures the ARP timeout.
Configures the ARP request retransmission
interval.
Configures the maximum number of unresolved
ARP entries.
Configures the maximum number of ARP entries
on an interface.

(Optional) It is used to detect IP address conflicts and enables peripheral devices to update ARP
Enabling Gratuitous ARP

entries.
arp gratuitous-send interval

Enables gratuitous ARP.

(Optional) It is used to act as a proxy to reply to ARP requests from the devices in different subnets.

Enabling Proxy ARP

ip proxy-arp

Enables Proxy ARP.

(Optional) It is used to act as a proxy to reply to ARP requests from other devices in the same
Enabling Local Proxy ARP

subnet.
local-proxy-arp

Enables local Proxy ARP.

(Optional) It is used to allow users to access the network without changing the IP address and
Enabling Any IP ARP

gateway.
arp any-ip

Enabling ARP Trustworthiness
Detection

Enables any IP ARP.

(Optional)Itis usedtounicastARP request packetstoensure that correctARP entries arelearned.
arp trust-monitor enable

Enables ARP trustworthiness detection.

(Optional) It is used to enable scheduled automatic ARP scanning on an interface.

Configuring

Scheduled

Automatic ARPScanning

arp scan auto
arp scan interval
arp scan rate

Enables scheduled automatic ARP scanning on an
interface.
Configures the

scheduled automatic ARP

scanning interval in global configuration mode.
Configures the

scheduled automatic ARP

scanning rate in global configuration mode.

(Optional) It is used to prevent a laFSe number of IP packets from being sent to the CPU.
Enabling ARP-based IP Guard
arp anti-ip-attack
Refraining from Sending ARP
Requests
VLANs

www.fs.com

to

Authentication

Configures the number of IP packets for
triggering ARP drop.

(Optional) It is used to refrain from sending ARP requests to authentication VLANs.
arp suppress-auth-vlan-req

Refrains

from

sending

ARP requests to
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Configuration

Description and Command
authentication VLANs.

Enabling ARP VXLAN-related
Functions

(Optional) It is used to enable ARP VXLAN to support network deployment.
arp vxlan

arp vxlan

arp vxlan gratuitous-send interval

arp vxlan gratuitous-send interval

(Optional) It is used to enable ARP packet rate statistics collection and configure the interval for
Configuring ARP Packet Rate
Statistics Collection

collecting rate statistics.
arp rate-statistic enable
arp rate-statistic compute interval

Enabling Fast Aging of ARP
Entries

Entries

Packet Learning

rate statistics.

Enables fast aging of ARP entries.

(Optional) It is used to enable fast removal of ARP entries.
arp l2port-down fast-delete

Enabling Active ARP Response

Configures the interval for collecting ARP packet

(Optional) It is used to enable fast aging of ARP entries.
arp fast-aging enable

Enabling Fast Removal of ARP

Enables ARP packet rate statistics collection.

Enables fast removal of ARP entries.

(Optional) It is used to enable active ARP response packet learning.
arp reply-auto-learning enable

Enables active ARP response packet learning.

(Optional) It is used to enable ARP probe upon MAC address flapping.
Enabling ARP Probe upon MAC
Address Flapping

arp mac-flapping resolve enable

Enables ARP probe uponMAC addressflapping.

arp mac-flapping resolve interval

Configures the ARP probe interval.

arp mac-flapping resolve times

Configures the ARP probe count.

2.4.1 EnablingStaticARP

Configuration Effect
Users can manually specify IP-MAC mapping to prevent the device from learning incorrect ARP entries.
Notes
After a static ARP entry is configured, the Layer-3 switch learns the physical port corresponding to the MAC address in the static ARP
entry before it performs Layer-3 routing.
Configuration Steps



Configuring Static ARP Entries



Optional.



You can configure a static ARP entry to bind the IP address of the uplink device with its MAC address to prevent MAC change
caused by ARP attacks.



Configure static ARP entries in global configuration mode.

Verification
Run the show running-config command to check whether the configuration takes effect. Or run the show arp static command to
check whether a static ARP cache table is created.
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Related Commands



Configuring Static ARP Entries

Command

arp [vrf name | oob] ip-address mac-address type

Parameter

vrf name: Specifies a VRF instance. The name parameter indicates the name of the VRF instance.

Description

oob: Configures a static ARP entry for a management port.
ip-address: Indicates the IP address mapped to a MAC address, which is in four-part dotted-decimal format.
mac-address: Indicates the DLL address, consisting of 48 bits.
type: Indicates the ARP encapsulation type. For an Ethernet interface, the keyword is arpa.

Command

Global configuration mode

Mode
Usage Guide

The FSOS queries a 48-bit MAC address based on a 32-bit IP address in the ARP cache table.
Since most hosts support dynamic ARP resolution, usually the static ARP mapping are not configured. Use the clear
arp-cache command to delete the dynamic ARP entries.

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Configure a static ARP entry on B to statically bind the IP address of A with the MAC address.

Steps

FS(config)#arp 192.168.23.1 00D0.F822.334B arpa

Verification

Run the show arp static command to display the static ARP entry.
FS(config)#show arp static
Protocol Address
Internet 192.168.23.1

Age(min) Hardware

Type

Interface

<static> 00D0.F822.334B arpa

1 static arp entries exist.
Common Errors



The MAC address in static ARP is incorrect.

2.4.2 Configuring ARP Attributes

Configuration Effect
Users can specify the ARP timeout, ARP request retransmission interval and times, maximum number of unresolved ARP entries, and
maximum number of ARP entries on an interface.
Configuration Steps



Configuring the ARP Timeout



Optional.



In a LAN, if a user goes online/offline frequently, it is recommended to set the ARP timeout small to delete invalid ARP entries as
soon as possible.



Configure the ARP timeout in interface configuration mode.
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Configuring the ARP Request Retransmission Interval and Times



Optional.



If the network resources are insufficient, it is recommended to set the ARP request retransmission interval great and the
retransmission times small to reduce the consumption of network bandwidths.



Configure the ARP request retransmission interval and times in global configuration mode.



Configuring the Maximum Number of Unresolved ARP Entries



Optional.



If the network resources are insufficient, it is recommended to set the maximum number of unresolved ARP entries small to
reduce the consumption of network bandwidths.



Configure the maximum number of unresolved ARP entries in global configuration mode.



Configuring the Maximum Number of ARP Entries on an Interface



Optional.



Configure the maximum number of ARP entries on an interface in interface configuration mode.

Verification
Run theshowarp timeout commandtodisplaythe timeoutsof allinterfaces.
Run the show running-config command to display the ARP request retransmission interval and times, maximum number of
unresolved ARP entries, and maximum number of ARP entries on an interface.
Related Commands



Configuring the ARP Timeout

Command

arp timeout seconds

Parameter

seconds: Indicates the timeout in seconds, ranging from 0 to 2,147,483. The default value is 3,600.

Description
Command

Interface configuration mode

Mode
Usage Guide

The ARP timeout only applies to the dynamically learned IP-MAC mapping. When the ARP timeout is set to a smaller
value, the mapping table stored in the ARP cache is more accurate but ARP consumes more network bandwidth. Unless
otherwise specified, do not configure the ARP timeout.



Configuring the ARP Request Retransmission Interval and Times

Command

arp retry interval seconds

Parameter

seconds:Indicates theARP request retransmission interval inseconds, ranging from1 to3,600. The default value is1.

Description
Command

Global configuration mode

Mode
Usage Guide

If a device frequently sends ARP requests, affecting network performance, you can set the ARP request retransmission
interval longer. Ensure that this interval does not exceed the ARP timeout.



Configuring the Maximum Number of Unresolved ARP Entries
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Command

arp unresolve number

Parameter

number:Indicates the maximumnumber of unresolvedARP entries, ranging from1 to8,192. The default value is8,192.

Description
Command

Global configuration mode

Mode
Usage Guide

If a large number of unresolved entries exist in the ARP cache table and remain in the table after a while, it is
recommended to use this command to limit the number of unresolved ARP entries.
The maximum number of the unresolved ARP entries limits the number of neighbors that can be resolved at a time.
If the device needs to resolve a large number of neighbors, it will take a long time to finish resolving all neighbors if
the arp unresolve number is set to a small value.



Configuring the Maximum Number of ARP Entries on an Interface

Command

arp cache interface-limit limit

Parameter

limit: Indicates the maximum number of ARP entries that can be learned on an interface, including configured ARP

Description

entriesand dynamicallylearned ARP entries.The value ranges from0 tothe ARP entry capacitysupported by the device.
0 indicates no limit on this number.

Command

Interface configuration mode

Mode
Usage Guide

Limiting the number of ARP entries on an interface can prevent malicious ARP attacks from generating excessive ARP
entries on the device and occupying entry resources. The configured value must be equal to or greater than the number
of theARP entries learned by the interface. Otherwise, the configuration does not takeeffect.The configurationis subject
to the ARP entry capacity supported by the device.

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration



Set the ARP timeout to 60 seconds on port GigabitEthernet 0/1.

Steps



Set the maximum number of learned ARP entries to 300 on port GigabitEthernet 0/1.



Set the ARP request retransmission interval to 3 seconds.



Set the ARP request retransmission times to 4.



Set the maximum number of unresolved ARP entries to 4,096.



Set the maximum number of learned ARP entries to 1,000 on Sub Slot 2 of Slot 1.

FS(config)#interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#arp timeout 60
FS(config-if-GigabitEthernet 0/1)#arp cache interface-limit 300
FS(config-if-GigabitEthernet 0/1)#exit
FS(config)#arp retry interval 3
FS(config)#arp retry times 4
FS(config)#arp unresolve 4096
Verification



Run the show arp timeout command to display the timeout of the interface.



Run the show running-config command to display the ARP request retransmission interval and times, and
maximum number of unresolved ARP entries.
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FS#show arp timeout
Interface

arp timeout(sec)

---------------------- ---------------GigabitEthernet0/1

60

GigabitEthernet0/2

3600

GigabitEthernet0/4

3600

GigabitEthernet0/5

3600

GigabitEthernet0/7

3600

VLAN 100

3600

VLAN 111

3600

Mgmt 0

3600

FS(config)# show running-config
arp unresolve 4096
arp retry times 4
arp retry interval 3
!
interface GigabitEthernet 0/1
arp cache interface-limit 300


2.4.3 EnablingGratuitous ARP

Configuration Effect
The interface periodically sends gratuitous ARP packets.
Configuration Steps



Optional.



When a switch acts as the gateway, enable gratuitous ARP on an interface to prevent other users from learning incorrect
gateway MAC address in case of ARP spoofing.



Enable gratuitous ARP in interface configuration mode.

Verification
Run the show running-config interface [ name ] command to check whether the configuration is successful.
Related Commands



Enabling Gratuitous ARP
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Command

arp gratuitous-send interval seconds [number]

Parameter

seconds:Indicatestheinterval forsendingagratuitousARPrequest.Theunitissecond.Thevaluerangesfrom1to3,600.

Description

number: Indicates the number of gratuitous ARP requests that are sent.The default value is 1. The value ranges from1 to
100.

Command

Interface configuration mode

Mode
Usage Guide

If a network interface of a device acts as the gateway for downstream devices but a downstream device pretends to be
the gateway, enable gratuitous ARP on the interface to advertise itself as the real gateway.

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Configure the GigabitEthernet 0/0 interface to send a gratuitous ARP packet every 5 seconds.

Steps
FS(config-if-GigabitEthernet 0/0)#arp gratuitous-send interval 5
Verification

Run the show running-config interface command to check whether the configuration takes effect.
FS#sh running-config interface gigabitEthernet 0/0

Building configuration...
Current configuration : 127 bytes
!
interface GigabitEthernet 0/0
duplex auto
speed auto
ip address 30.1.1.1 255.255.255.0
arp gratuitous-send interval 5

2.4.4 EnablingProxyARP

Configuration Effect
The device acts as a proxy to reply to ARP request packets from other users.
Notes
By default, Proxy ARP is disabled.
Configuration Steps



Optional.



If a user without any route information needs to obtain the MACaddresses of the IPusers in other subnets, enable Proxy ARP on
the device so that the device can act as a proxy to send ARP replies.



Enable Proxy ARP in interface configuration mode.
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Verification
Run the show ip interface [ name ] command to check whether the configuration takes effect.
Related Commands



Enabling Proxy ARP

Command

ip proxy-arp

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Enable Proxy ARP on port GigabitEthernet 0/0.

Steps
FS(config-if-GigabitEthernet 0/0)#ip proxy-arp
Verification

Run the show ip interface command to check whether the configuration takes effect.
FS#show ip interface gigabitEthernet 0/0
GigabitEthernet 0/0
IP interface state is: DOWN
IP interface type is: BROADCAST
IP interface MTU is: 1500
IP address is:
No address configured
IPaddress negotiate is:OFF
Forward direct-broadcastis: OFF
ICMP mask reply is: ON
Send ICMP redirect is: ON
SendICMP unreachableis:ON
DHCP relay is: OFF
Fast switch is: ON
Help address is: 0.0.0.0
Proxy ARP is: ON
ARP packet input number: 0
Request packet
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Reply packet

:0

Unknown packet

:0

TTL invalid packet number: 0
ICMP packet input number: 0
Echo request

:0

Echo reply

:0

Unreachable

:0

Source quench

:0

Routing redirect

:0

2.4.5 EnablingLocalProxyARP

Configuration Effect
The device acts as a proxy to reply to ARP request packets from other users in the same subnet.
Notes
Local Proxy ARP is supported only on SVIs.
Configuration Steps



Optional.



If a user enabled with port protection needs to communicate with users in the VLAN, enable local Proxy ARP on the device.



Enable local Proxy ARP in interface configuration mode.

Verification
Run the show run interface [ name ] command to check whether the configuration takes effect.
Related Commands



Enabling Local Proxy ARP

Command

local-proxy-arp

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Enable local Proxy ARP on the VLAN 1 interface.

Steps
FS(config-if-VLAN 1)#local-proxy-arp
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Verification

Run the show ip interface command to check whether the configuration takes effect.
FS#show running-config interface vlan 1

Building configuration...
Currentconfiguration:53bytes

interface VLAN 1
ip address 192.168.1.2 255.255.255.0
local-proxy-arp

2.4.6 Enabling Any IP ARP

Configuration Effect
Users can access the network with any IP address.
Notes
Any IP ARP is supported only on egress gateway products.
In the following two scenarios, users must modify the configuration before they can access the network.
14.

The user's IP address is in the same network segment as the interface directly connected tothe device. However, the IP address
configured on the interface directly connected to the device is not the gateway address.

15.

The user's IP address is not in the same network segment as the interface directly connected to the device, but in the network
segment of another interface. That means an IP address conflict occurs.

As the user' IP address is not in the same network segment as the interface directly connected to the device, the dynamic ARP entries
and direct routes are generated only when the user initiates ARP requests. Therefore, in some scenarios (including but not limited to
thefollowing ones), the user will not be able to access the network unless it clears the ARP entries and relearn the gateway address.
16.

Thedeviceactsasaproxy torespondtoARPrequests.AftertheuserlearnstheMACaddressofthedevice,dynamicARP entries
arecleared on the device. As aresult, the user'sdynamic ARP entries and direct routes are removedand the user cannot receive
the reply packets.

17.

The device acts as a proxy to respond to ARP requests. After the user learns the MAC address of the device, any IP ARP is
disabled and then enabled again on the interface.

Note: Disabling any IP ARP on an interface will cause users' dynamic ARP entries and direct routes to be removed. Consequently, users
cannot receive responsepackets.
On the other hand, if static ARP entries or ARP entries with VRRP IP addresses exist, dynamic ARP entries generated by any IP ARP will
be overwritten or fail to be added, disabling the any IP ARP function.
Configuration Steps



Optional.



In a hotel, enable any IP ARP on the gateway so that users can access the network without changing the IP address.
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Enable any IP ARP in interface configuration mode.

Verification
Run the show running-config interface [ name ] command to check whether the configuration takes effect.
Related Commands



Enabling Any IP ARP

Command

arp any-ip

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Disabling any IP ARP on an interface will cause users' dynamic ARP entries and direct routes to be removed.
Consequently, users cannot receive response packets.
If static ARP entries or ARP entries with VRRP IP addresses exist, dynamic ARP entries generated by any IP ARP will
be overwritten or fail to be added, disabling the any IP ARP function.

Configuration Example
Scenario

See Figure 2-1.

Configuration

Enable any IP ARP on port GigabitEthernet 0/0.

Steps
FS(config-if-GigabitEthernet 0/0)#arp any-ip
Verification

Run the show running-config interface command to check whether the configuration takes effect.
FS(config-if-GigabitEthernet 0/0)#sh run int gi0/0

Building configuration...
Current configuration : 140 bytes
!
interface GigabitEthernet 0/0
duplex auto
speed auto
ip address 30.1.1.1 255.255.255.0
arp gratuitous-send interval 5
arp any-ip

2.4.7 EnablingARPTrustworthinessDetection

Configuration Effect
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Enable ARP trustworthiness detection. If the device receiving an ARP request packet fails to find the corresponding entry, it performs
NUD.IftheMACaddressintheexistingdynamicARPentryisupdated,thedeviceimmediatelyperformsNUDtopreventARPattacks.
Notes
Since this function adds a strict confirmation procedure in the ARP learning process, it affects the efficiency of ARP learning.
Configuration Steps



Optional.



If there is a need for learning ARP entries, enable ARP trustworthiness detection on the device. If the device receiving an ARP
request packet fails to find the corresponding entry, it needs to send a unicast ARP request packet to check whether the peer
end exists. If yes, the device learns the ARP entry. If not, the device does not learn the ARP entry. If the MAC address in the ARP
entry changes, the device will immediately perform NUD to prevent ARP spoofing.



Enable ARP trustworthiness detection in interface configuration mode.

Verification
Run the show running-config interface [ name ] command to check whether the configuration take effect
Related Commands



Enabling ARP Trustworthiness Detection

Command

arp trust-monitor enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Enable this function. If the corresponding ARP entry exists and the MAC address is not updated, the device does
not perform NUD.
Enable this function. If the MAC address of the existing dynamic ARP entry is updated, the device immediately
performs NUD.
After this function is disabled, the device does not perform NUD for learning or updating ARP entries.

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Enable ARP trustworthiness detection on port GigabitEthernet 0/0.

Steps
FS(config-if-GigabitEthernet 0/0)#arp trust-monitor enable
Verification

Run the show running-config interface command to check whether the configuration takes effect.
FS#show running-config interface gigabitEthernet 0/0

Building configuration...
Current configuration : 184 bytes
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!
interface GigabitEthernet 0/0
duplex auto
speed auto
ip address 30.1.1.1 255.255.255.0
arp trust-monitor enable

2.4.8 Configuring Scheduled Automatic ARP Scanning

Configuration Effect
After scheduled automatic ARP scanning is configured on an interface, the device scans neighbors in the specified range and learns
ARP entries from the neighbors. After a time period of the scanning interval (5 minutes by default), the device starts the next scanning
and learns the remaining ARP entries. The device repeats these operations until all ARP entries are learnt.
Notes
N/A
Configuration Steps



Optional.



Perform this configuration in interface configuration mode.

Verification
Run the show running-config interface [name] command to display configurations.
Related Commands



Enabling Scheduled Automatic ARP Scanning

Command

arp scan auto start-ip-address end-ip-address

Parameter

start-ip-address: Specifies the start IP address of the ARP scan range. The start IP address must be smaller than or equal to

Description

the end IP address.
end-ip-address: Specifies the end IP address of the ARP scan range. The end IP address must be greater than or equal to
the start IP address.

Command

Interface configuration mode

Mode
Usage Guide

ThisfunctionisenabledtoperformscheduledautomaticARPscanningonceevery5minutesby default.
The IP address with existing neighboring ARP entries is not scanned.
If you know the allocated IP address range in a LAN, you can specify the ARP scan range. The number of the specified IP
addresses cannot be greater than 1,024.
The start/end IP address of the ARP scan range must be in the same network segment as the interface IP address.
ARP scanning takes effect on UP interfaces only.

Configuration Example
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Scenario

See figure 2-1.

Configuration

Enable ARP scanning on an SVI.

Steps
FS(config-if-VLAN 20)# arp scan auto 192.168.23.1 192.168.23.100
Verification

Run the show running-config interface command to display configurations.
FS#sho running-config interface vlan 20
Building configuration...
Currentconfiguration:57bytes
interface VLAN 20
arp scan auto 192.168.23.1 192.168.23.100
dut4(config-if-VLAN 20)#

Common Errors
1. The start IP address is greater than the end IP address in the configured ARP scanning range.
2. The start/end IP address is not in the same network segment as the interface IP address.
2.4.9 EnablingARP-based IPGuard

Configuration Effect
When the CPU receives the specified number of packets in which the destination IP address hits the ARP entry, all packets with this
destination IP address will not be sent to the CPU afterwards.
Notes
N/A
Configuration Steps



Optional.



By default, when three unknown unicast packets are sent tothe CPU, the drop entry is set. Users can run this command to adjust
the number of packets for triggering ARP drop based on the network environment. Users can also disable this function.



Configure ARP-based IP guard in global configuration mode.

Verification
Run the show run command to check whether the configuration takes effect.
Related Commands



Enabling ARP-based IP Guard

Command

arp anti-ip-attack num

Parameter

num: Indicates the number of IP packets for triggering ARP drop. The value ranges from 0 to 100.

Description

0 indicates that ARP-based IP guard is disabled. The default value is 3.

Command

Interface configuration mode

Mode
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Usage Guide

If hardware resources are sufficient, run the arp anti-ip-attack num command to set the number of IP packets for
triggering ARP drop to a small value. If hardware resources are insufficient, run the arp anti-ip-attack num
command to set the number of IP packets for triggering ARP drop to a laFSe value, or disable this function.

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Enable ARP-based IP guard on B.

Steps

FS(config)#arp anti-ip-attack 10

Verification

Run the show running-config command to check whether the configuration takes effect.
FS#show running-config

Building configuration...
Currentconfiguration:53bytes
arp anti-ip-attack 10

2.4.10 Refraining from Sending ARP Requests to Authentication VLANs

Configuration Effect
The device does not send ARP request packets to authentication VLANs.
Notes
This function is supported only on SVIs.
Configuration Steps



Optional.



In gateway authentication mode, the device does not send ARP request packets to authentication VLANs by default. If the
device needs to send ARP request packets to authentication VLANs, run the no arp suppress-auth-vlan-req command to
disable this function.



Perform this configuration in interface configuration mode.

Verification
Run the show run interface [ name ] command to check whether the configuration takes effect.
Related Commands



Refraining from Sending ARP Requests to Authentication VLANs

Command

arp suppress-auth-vlan-req

Parameter

N/A

Description
Command
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Mode
Usage Guide

N/A

Configuration Example
Scenario

For the network topology, see Figure 2- 1.

Configuration

Disable the VLAN 2 interface from refraining from sending ARP requests to authentication VLANs.

Steps

FS(config-if-VLAN 2)#no arp suppress-auth-vlan-req

Verification

Run the show running-config interface [ name ] command to check whether the configuration takes effect.
FS#show running-config interface vlan 2

Building configuration...
Currentconfiguration:53bytes

interface VLAN 2
ip address 192.168.1.2 255.255.255.0
no arp suppress-auth-vlan-req

2.4.11 ARP VXLAN-related Functions

Working Principle
In the VXLAN+SDN environment, the ARP module provides the following functions to adapt to the SDN controller:
6.

Enabling/disabling automatic ARP entry learning on Overlay router interfaces: When the SDN controller is used to deliver ARP
entries to the device in a unified manner, run the no arp vxlan learning-enable command to disable the function. In this case,
the device does not learn or update ARP entries based on the received ARP packets.

7.

Enabling/disabling SDN controller response to ARP requests: When the SDN controller needs to manage ARP packets in a unified
manner, run the arp vxlan sdn-reply command to enable the function. In this case, ARP requests are copied to the SDN
controller for responses.

8.

Enabling/disabling gratuitous ARP request suppression on Overlay router interfaces: To prevent the problem that some terminals
no longer send ARP requests to the SDN controller after learning the ARP entries from the gratuitous ARP request packets sent
by the Overlay network gateway, run the arp vxlan suppress gratuitous arp command to enable gratuitous ARP request
suppression on Overlay router interfaces.

9.

Enabling/disabling Overlay router interfaces to actively send gratuitous ARP request packets:Toprevent the problem that aging
of the virtual MAC address of the overlay network gateway could lead to flooding of VXLAN-related traffic and thus affect device
performance, enable Overlay router interfaces to actively send gratuitous ARP request packets.

10.

Enabling/disabling generating of host routes after EVPN synchronizes ARP or ND entries to Overlay router interfaces.

For details about how to configure VXLAN, see VXLAN-SCG.doc.
Related Configuration



Enabling ARP VXLAN to Support the VXLAN+SDN Deployment
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In global configuration mode, run the no arp vxlan learning-enable command to disable automatic ARP entry learning on
Overlay router interfaces; run the arp vxlan sdn-reply command to enable the SDN controller to respond to ARP requests; run
the arp vxlan suppress gratuitous_arp command to enable gratuitous arp request sending on Overlay router interfaces.



By default, automatic ARP entry learning is enabled, the function of SDN controller responding to ARP requests is disabled, and
gratuitous ARP request suppression is disabled.



By default, Overlay router interfaces does not actively send gratuitous ARP request packets.



Enabling Generating of Host Routes After EVPN Synchronizes ARP or ND Entries to Overlay Router Interfaces



In interface configuration mode, run the no arp vxlan remote-arp inactive command to enable generating of host routes after
EVPN synchronizes ARP or ND entries to Overlay router interfaces.



By default, host routes are not generated when EVPN synchronizes ARP or ND entries to Overlay router interfaces.

2.4.12 ConfiguringARP PacketRateStatisticsCollection

Configuration Effect
Measure the rate of receiving/sending ARP packets on each interface.
Notes
The default sampling interval is 5s, but the rate is measured at an interval of 1s.
Configuration Steps



(Optional) Configure ARP packet rate statistics collection when needed.



Perform the configuration in global configuration mode.

Command

arp rate-statistic enable

Parameter

N/A

Description
Defaults

ARP packet rate statistics collection is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

ARP packet rate statistics collection is disabled by default. If the command result of show arp rate-statistic shows that
statistics are all 0s, run the show run-config command to display configurations. If the function is not enabled, run the
arp rate-statistic enable command to enable the function. To disable the function, run the no arp rate-statistic enable
command.



Configuring the Interval for Collecting ARP Packet Rate Statistics



(Optional) Configure the interval for collecting ARP packet rate statistics if the default value (5s) does not meet requirements.



Perform the configuration in global configuration mode.

Command

arp rate-statistic compute interval seconds

Parameter

seconds: Indicates the interval in seconds, which cannot be less than 1s.

Description
Defaults

The default value is 5s.

Command

Global configuration mode
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Mode
Usage Guide

If ARP packets are received/sent at an undesired rate on many interfaces, appropriately adjust the interval for collecting
ARP packet rate statistics.

Verification
Run the show running-config command to display configurations.
Configuration Example
Configuration

Enable ARP packet rate statistics collection in global configuration mode.

Steps
FS(config)#arp rate-statistic enable
Verification

Run the show running-config command to display configurations.
FS(config)#arp rate-statistic enable
FS(config)#show running-config
!
arp rate-statistic enable
arp rate-statistic timeout 10
!
FS(config)#

Configuration

Configure the interval for collecting ARP packet rate statistics in global configuration mode.

Steps
FS(config)#arp rate-statistic compute interval 10
Verification

Run the show running-config command to display configurations.
FS(config)#arp rate-statistic enable
FS(config)#show running-config
!
arp rate-statistic enable
arp rate-statistic compute interval 10
!
FS(config)#

2.4.13 Enabling Fast Aging of ARP Entries

Configuration Effect
ARP entries cannot be learned under unusual circumstances. After MAC addresses age, ARP entries age fast.
Notes
N/A
Configuration Steps



Optional.



Perform the configuration in interface configuration mode.
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Only SVI and Overlay Router interfaces are supported.

Verification
Run the show run command to check whether the configuration is successful.
Related Commands



Enabling Fast Aging of ARP Entries

Command

arp fast-aging enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Bydefault, dynamicARP entriesstartaging one hour aftertheaging of their corresponding MACaddresses.If thisfeature
is configured, after their corresponding MAC address age, the dynamic ARP entries age immediately.
This command is supported on SVI and Overlay Router interfaces.
When ARP-to-host conversion is configured, it is recommended to enable this function at the same time, to help
achieve fast route conveFSence.

Configuration Example
Scenario

See Figure 2-1.

Configuration

Enabling fast aging of ARP entries on the SVI 2 interface.

Steps
FS(config-if-VLAN 2)#arp fast-aging enable
Verification

Run the show running-config command to check whether the configuration is successful.
FS#show running-config
interface VLAN 2
!
arp fast-aging enable
!

Common Errors
N/A
2.4.14 Enabling Fast Removal of ARP Entries

Configuration Effect
When L2 ports get down, corresponding ARP entries are fast deleted.
Notes
N/A
Configuration Steps



Optional.
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Perform the configuration in interface configuration mode.



Only SVIs are supported.

Verification
Run the show run command to check whether the configuration is successful.
Related Commands



Enabling Fast Removal of ARP Entries

Command

arp l2port-down fast-delete

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Runthearpl2port-downfast-deletecommand onan SVI,soARP entriesareremovedassoon asL2ports underthisSVI
get down. Without configuring this feature, ARP entries are deleted only after their aging time is reached.

Configuration Example
Scenario

See Figure 2-1.

Configuration

Enabling fast removal of ARP entries on the SVI 2 interface.

Steps
FS(config-if-VLAN 2)#arp l2port-down fast-delete
Verification

Run the show running-config command to check whether the configuration is successful.
FS#show running-config
interface VLAN 2
!
arp l2port-down fast-delete
!

Common Errors
N/A
2.4.15 Enabling Passive ARP Response Packet Learning

Configuration Effect
The device will learn ARP response packets even when it does not send ARP request packets.
Notes
N/A
Configuration Steps



Optional.



Enable passive ARP response packet learning in global configuration mode.

Verification
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Run the show run command to check whether the configuration is successful.
Related Commands



Enabling Passive ARP Response Packet Learning

Command
Parameter

arp reply-auto-learning enable
N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After this function is enabled, the device will learn ARP response packets even when it does not send ARP request
packets.

Configuration Example
Scenario
Figure 2- 3

A: Router
B: Switch serving as the gateway for the users
C, D and E: Users
Configuration

Enabling passive ARP response packet learning. .

Steps
FS(config)#arp reply-auto-learning enable
Verification

Run show running-config command to check whether the configuration is successful.
FS#show running-config
!
arp reply-auto-learning enable
!

Common Errors
N/A
2.4.16 Enabling ARP Probe upon MAC Address Flapping

Configuration Effect
IfMACaddressflapping occurs,namely, thelayer-2interfacechangesand isinconsistent withtheinterfacerecorded intheARPentry,
the device will continue to send ARP request packets to probe the actual interface until the probe succeeds.
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Notes
N/A.
Configuration Steps



Optional.



Enable ARP probe upon MAC address flapping in global configuration mode.

Verification
Run the show run command to check whether the configuration is successful.
Related Commands



Enabling ARP Probe upon MAC Address Flapping

Command
Parameter

arp mac-flapping resolve enable
N/A

Description
Command

Global configuration mode

Mode
Usage Guide

If MAC address flapping occurs, namely, the layer-2 interface changes and is inconsistent with the interface recorded in
the ARP entry, the device will continue to send ARP request packets to probe the actual interface until the probe
succeeds.
The interface will not be updated immediately when MAC address flapping occurs. Instead, it will be updated after
the probe finishes or after the device receives ARP response packets to learn the interface again. If there is
consistentattackflow,theinterfacerecordedintheARPentrymaynotbeconsistentwiththeactualMACaddress.
If you want to update the interface immediately when MAC address flapping occurs, please disable this command.



Configuring ARP Probe Interval

Command
Parameter

arp mac-flapping resolve interval [ seconds ]
The default interval is 2 seconds.

Description
Command

Global configuration mode

Mode
Usage Guide



This command is used to configure the ARP probe interval upon MAC address flapping.

Configuring ARP Probe Count

Command
Parameter

arp mac-flapping resolve times [ number ]
The default count is 5.

Description
Command

Global configuration mode

Mode
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Usage Guide

This command is used to configure the ARP probe count upon MAC address flapping.

Configuration Example
Scenario
Figure 2- 4

A: Router
B: Switch serving as the gateway for the users
C, D and E: Users
Configuration

Enabling ARP probe upon MAC address flapping.

Steps

FS(config)#arp mac-flapping resolve enable
Setting ARP probe interval to 5s.
FS(config)# arp mac-flapping resolve interval 5
Setting ARP probe count to 1.
FS(config)# arp mac-flapping resolve times 1
FS(config)#arp reply-auto-learning enable

Verification

Run show running-config command to check whether the configuration is successful.
FS#show running-config
!
arp mac-flapping resolve enable
!
!
arp mac-flapping resolve interval 5
!
!
arp mac-flapping resolve times 1
!

Common Errors
N/A

2.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears dynamic ARP entries. In gateway clear arp-cache
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authentication

mode, dynamic ARP

entries in authentication VLANs are not
cleared.
clear arp-cache packet statistics [ interface ]

Clears ARP packet statistics.
Displaying
Description

Command
show arp [detail] [ interface-type interface-number | [vrf vrf-name] [ip [mask] | mac-address |

Displays the ARP table in detail.

static | complete | incomplete ]

Displays the ARP table.

show ip arp [ vrf vrf-name ]

Displays the ARP entry counter.

show arp counter

Displays the timeout of dynamic ARP
entries.

show arp timeout

Displays ARP packet statistics.

show arp packet statistics [interface]

Displays ARP packet rate statistics.

show arp rate-statistic [interface]

Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
Description
Debugs

ARP

Command
packet

sending

and

debug arp

receiving.
Debugs the creation and deletion of ARP

debug arp event

entries.

3 Configuring IPv6
3.1 Overview
As the Internet develops rapidly and IPv4 address space is becoming exhausted, IPv4 limitations become more and more obvious. At
present, many researches and practices on Internet Protocol Next Generation (IPng) have been conducted. The IPng working group of
the Internet Engineering Task Force (IETF) has formulated an IPng protocol named IP Version 6 (IPv6), which is described in RFC 2460.
Main Features

 LaFSer Address Space
Compared with 32 bits in an IPv4 address, the length of an IPv6 address is extended to 128 bits. Therefore, the address space has
approximately 2128 addresses. IPv6 adopts a hierarchical address allocation mode to support address allocation of multiple subnets
from the Internet core network to intranet subnet.

 Simpler Packet Header Format
Since the design principle of the IPv6 packet header is to minimize the overhead of the packet header, some non-key fields and
optional fields are removed from the packet header to the extended packet header. Therefore, although the length of an IPv6 address
is four times of that of an IPv4 address, the IPv6 packet header is only two times of the IPv4 packet header. The IPv6 packet header
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makes device forwarding more efficient. For example, with no checksum in the IPv6 packet header, the IPv6 device does not need to
process fragments (fragmentation is completed by the initiator).



Efficient Hierarchical Addressing and Routing Structure

IPv6 uses a convergence mechanism and defines a flexible hierarchical addressing and routing structure. Multiple networks at the
same layer are represented as a uniform network prefix on the upstream device, greatly reducing routing entries maintained by the
device and routing and storage overheads of the device.



Easy Management: Plug and Play (PnP)

IPv6 provides automatic discovery and auto-configuration functions to simplify management and maintenance of network nodes. For
example, Neighbor Discovery (ND), MTU Discovery, Router Advertisement (RA), Router Solicitation (RS), and auto-configuration
technologies provide relatedservices forPnP.Particularly,IPv6 offerstwotypes of auto-configuration: stateful auto-configurationand
stateless auto-configuration. In IPv4, Dynamic Host Configuration Protocol (DHCP) realizes auto-configuration of the host IP address
and related parameters. IPv6 inherits this auto-configuration service from IPv4 and called it stateful auto-configuration (see DHCPv6).
Besides, IPv6 also offers the stateless auto-configuration service.During stateless auto-configuration, a host automatically obtains the
local address of the link, address prefix of the local device, and other related configurations.



Security

As an optional extension protocol of IPv4, Internet Protocol Security (IPSec) is a part of IPv6 to provide security for IPv6 packets. At
present, IPv6 provides two mechanisms: Authentication Header (AH) and Encapsulated Security Payload (ESP). AH provides data
integrity and authenticates IP packet sources to ensure that the packets originate from the nodes identified by the source addresses.
ESP provides data encryption to realize end-to-end encryption.



Better QoS Support

A new field in the IPv6 packet header defines how to identify and process data streams. The Flow Label field in the IPv6 packet header
is used to authenticate a data flow. Using this field, IPv6 allows users to propose requirements on the communication quality. , A
device can identify all packets belonging to a specific data stream based on this field and process these packets according to user
requirements.



New Protocol for Neighboring Node Interaction

IPv6 Neighbor Discovery Protocol (NDP) uses a series of Internet Control Message Protocol Version 6 (ICMPv6) packets to implement
interactive management of neighboring nodes (nodes on the same link). IPv6 uses NDP packets and efficient multicast/unicast ND
packets instead of broadcast-based Address Resolution Protocol (ARP) and Control Message Protocol Version 4 (ICMPv4) router
discovery packets.



Extensibility

Withstrong extensibility, IPv6 features can be added tothe extended packet header following the IPv6 packet header. Unlike IPv4, the
IPv6 packet header can support at most 40 bytes of options. For an IPv6 packet, the length of the extended packet header is restricted
only by the maximum number of bytes in the packet.
Protocols and Standards



RFC 4291 - IP Version 6 Addressing Architecture



RFC 2460 - Internet Protocol, Version 6 (IPv6) Specification



RFC 4443 - Internet Control Message Protocol (ICMPv6) for the Internet Protocol Version 6 (IPv6) Specification
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RFC 4861 - Neighbor Discovery for IP version 6 (IPv6)



RFC 4862 - IPv6 Stateless Address Auto-configuration



RFC 5059 - Deprecation of Type 0 Routing Headers in IPv6

3.2 Applications
Application

Description

Communication

Based

on

IPv6 Two PCs communicate with each other using IPv6 addresses.

Addresses
3.2.1 CommunicationBased onIPv6Addresses

Scenario
AsshowninFigure3-1,Host1andHost2communicatewitheachotherusingIPv6addresses.
Figure 3-1

Deployment
Hosts can use the stateless address auto-configuration or DHCPv6 address assignment mode. After addresses are configured, hosts
can communicate with each other using IPv6 addresses.

3.3 Features
Overview
Feature

Description

IPv6 Address Format

The IPv6 addressformat makes IPv6 have a larger address spaceand flexible representation approach.

IPv6 Address Type

IPv6 identifies network applications based on addresses.

IPv6 Packet Header IPv6 simplifies the fixed and extended packet headers to improve the data packet processing and forwarding
Format

efficiency of the device.

IPv6 PMTUD

A host dynamically discovers and adjusts the MTU size on the data Tx path, saving router resources and
improving IPv6 network efficiency.

IPv6

Neighbor

Discovery

ND functions include router discovery, prefix discovery, parameter discovery, address auto-configuration,
address resolution (like ARP), next-hop determination, Neighbor Unreachability Detection (NUD), Duplicate
Address Detection (DAD), and redirection.

IPv6 Source Routing

This feature is used to specify the intermediate nodes that a packet passes through along the path to the
destination address. It is similar to the IPv4 loose source routing option and loose record routing option.
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Feature

Description

Restricting the Sending This feature prevents DoS attacks.
Rate of ICMPv6 Error
Messages
IPv6 HOP-LIMIT

This feature prevents useless unicast packets from being unlimitedly transmitted on the network and wasting
network bandwidth.

Refraining

from

In gateway authentication mode, a device is refrained from sending NS packets to authenticationVLANs.

Sending NS Packets to
Authentication VLANs
Default Gateway on the The default gateway is configured on the management interface to generate a default route for this interface.
Management Interface
Enabling Statistics of

This feature enables the statistics of received and sent ND packets and their rates on all IPv6 interfaces.

ND Packets
Enabling Fast Removal The feature enables fast removal of ND entries when L2 ports get down.
of ND Entries
Enabling an Interface

The features enables an interface to learn ND entries via DAD packets

to Learn ND Entries Via
DAD NS Packets
Enabling Generating of

This feature enables generating of host routes after EVPN synchronizes ND entries to Overlay Router

Host Routes After EVPN

interfaces.

Synchronizes ARP or
ND Entries to Overlay
Router Interfaces
3.3.1 IPv6 Address Format

An IPv6 address is represented in the X:X:X:X:X:X:X:X format, where X is a 4-digit hexadecimal integer (16 bits). Each address consists of
8 integers, with a total of 128 bits (each integer contains 4 hexadecimal digits and each digit contains four bits). The following are
three valid IPv6 addresses:
2001:ABCD:1234:5678:AAAA:BBBB:1200:2100
800:0:0:0:0:0:0:1
1080:0:0:0:8:800:200C:417A
Theseintegers are hexadecimal, where Ato Frepresent 10 to 15. Eachinteger in the address must be represented, except the leading
zeros in each integer. If an IPv6 address contains a string of zeros (as shown in the second and third examples above), a double colon
(::) can be used to represent these zeros. That is, 800:0:0:0:0:0:0:1 can be represented as 800::1.
A double colon indicates that this address can be extended to a complete 128-bit address. In this approach, only when the 16-bit
integers are all 0s, can they can be replaced with a double colon. A double colon can exist once in an IPv6 address.
InIPv4/IPv6 mixed environment, anaddresshas amixed representation. Inan IPv6address,theleast significant 32bitscanbeused to
represent an IPv4 address. This IPv6 address can be represented in a mixed manner, that is, X:X:X:X:X:X:d.d.d.d, where X is a
hexadecimal integer and d is a 8-bit decimal integer. For example, 0:0:0:0:0:0:192.168.20.1 is a valid IPv6 address. It can be abbreviated
to :::192.168.20.1. Typical applications are IPv4-compatible IPv6 addresses and IPv4-mapped IPv6 addresses. If the first 96 bits are 0 in
an IPv4-compatible IPv6 address, this address can be represented as ::A.B.C.D, e.g., ::1.1.1.1. IPv4-compatible addresses have been

www.fs.com

562

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

abolished at present. IPv4-mapped IPv6 addresses are represented as ::FFFF:A.B.C.D to represent IPv4 addresses as IPv6 addresses. For
example, IPv4 address 1.1.1.1 mapped to an IPv6 address is represented as ::FFFF:1.1.1.1.
Since an IPv6 address is divided into two parts: subnet prefix and interface ID, it can be represented as an address with an additional
value according to an address allocation method like Classless Inter-Domain Routing (CIDR). The additional value indicates how many
bits (subnet prefix) in the address represent the network part. That is, the IPv6 node address contains the prefix length. The prefix
length is separated from the IPv6 address by a slash. For example, in 12AB::CD30:0:0:0:0/60, the prefix length used for routing is 60
bits.
Related Configuration



Configuring an IPv6 Address



No IPv6 address is configured on interfaces by default.



Run the ipv6 address command to configure an IPv6 address on an interface.



After configuration, a host can communicate with others using the configured IPv6 address based on DAD.

3.3.2 IPv6 Address Type

RFC 4291 defines three types of IPv6 addresses:



Unicast address: ID of a single interface. Packets destined to a unicast address are sent to the interface identified by this address.



Multicast address: ID of an interface group (the interfaces generally belong to different nodes). Packets destined to a multicast
address are sent to all interfaces included in this address.



Anycast address: ID of an interface group. Packets destined to an anycast address are sent to one interface included in this
address (the nearest interface according to the routing protocol).
IPv6 does not define broadcast addresses.

These three types of addresses are described as follows:



Unicast Addresses

Unicast addresses fall into five types: unspecified address, loopback address, link-local address, site-local address, and global unicast
address. At present, site-local addresses have been abolished. Except unspecified, loopback, and link-local addresses, all other
addresses are global unicast addresses.



Unspecified address

The unspecified address is 0:0:0:0:0:0:0:0, which is usually abbreviated to ::. It has two general purposes:
18.

If a host has no unicast address when started, it uses the unspecified address as the source address to send an RS packet to
obtain prefix information from the gateway and thereby generate a unicast address.

19.

When an IPv6 address is configured for a host, the device detects whether the address conflicts with addresses of other hosts in
thesame network segment and uses the unspecified address as the sourceaddress to send a Neighbor Solicitation (NS) packet
(similar to a free ARP packet).



Loopback address

The loopback address is 0:0:0:0:0:0:0:1, which is usually abbreviated to ::1. Similar to IPv4 address 127.0.0.1, the loopback address is
generally used by a node to send itself packets.



Link-local address
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The format of a link-local address is as follows:
Figure 3- 2

The link-local address is used on a single network link to assign IDs to hosts. The address identified by the first 10 bits in the prefix is
thelink-local address. A devicenever forwards packetsinwhich the source or destination address contains the link-localaddress.The
intermediate 54 bits in the address are all 0s. The last 64 bits represent the interface ID, which allows a single network to connect 264-1
hosts.



Site-local address

The format of a site-local address is as follows:
Figure 3- 3

A site-local address is used to transmit data within a site. A device never forwards packets in which the source or destination address
contains the site-local address tothe Internet.That is,these packetscan be forwarded only within the site. A site can be assumed as an
enterprise's local area network (LAN). Such addresses are similar to IPv4 private addresses such as 192.168.0.0/16. RFC 3879 has
abolished site-local addresses. New addresses do not support the first 10 bits as the prefix and are all regarded as global unicast
addresses. Existing addresses can continue to use this prefix.



Global unicast address

The format of a global unicast address is as follows:
Figure 3- 4

Among global unicast addresses, there is a type of IPv4-embedded IPv6 addresses, including IPv4-compatible IPv6 addresses and
IPv4-mapped IPv6 addresses. They are used for interconnection between IPv4 nodes and IPv6 nodes.
The format of an IPv4-compatible IPv6 address is as follows:
Figure 3-5

The format of an IPv4-mapped IPv6 address is as follows:
Figure 3-6
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IPv4-compatible IPv6 addresses are mainly used on automatic tunnels. Nodes on automatic tunnels support both IPv4 and IPv6. Using
these addresses, IPv4 devices transmit IPv6 packets over tunnels. At present, IPv4-compatible IPv6 addresses have been abolished.
IPv4-mapped IPv6 addresses are used by IPv6 nodes to accessIPv4-only nodes. For example, if the IPv6 application on an IPv4/IPv6
host requests to resolve the name of an IPv4-only host, the name server dynamically generates an IPv4-mapped IPv6 address and
returns it to the IPv6 application.

 Multicast Addresses
The format of an IPv6 multicast address is as follows:
|

8

|

4 | 4|

112 bits

|

+--------+----+----+---------------------------------------------+
|11111111|flgs|scop|

group ID

|

+--------+----+----+---------------------------------------------+
The first byte in the address is all 1s, representing a multicast address.



Flag field

The flag field consists of four bits. Currently only the fourth bit is specified to indicate whether this address is a known multicast
address assigned by theInternet Assigned Numbers Authority(IANA) or a temporary multicast addressin a certain scenario. If the flag
bit is 0, this address is a known multicast address. If the flag bit is 1, this address is a temporary multicast address. The remaining three
flag bits are reserved for future use.



Scope field

The scope field consists of four bits to indicate the multicast range. That is, a multicast group includes the local node, local link, local
site, and any node in the IPv6 global address space.



Group ID field

The group ID consists of 112 bits to identify a multicast group. A multicast ID can represent different groups based on the flag and
scope fields.
IPv6 multicast addresses are prefixed with FF00::/8. One IPv6 multicast address usually identifies interfaces on a series of different
nodes. After a packet is sent to a multicast address, the packet is then forwarded to the interfaces on each node identified by this
multicast address. For a node (host or device), you must add the following multicast addresses:
1.

Multicast address for all nodes on the local link, that is, FF02::1

2.

Solicited-node multicast address, prefixed with FF02:0:0:0:0:1:FF00:0000/104

If the node is a device, it also has to be added to the multicast address of all devices on the local link, that is, FF02::2.
The solicited-node multicast address corresponds to the IPv6 unicast and anycast address. You must add a corresponding
solicited-node multicast address for each configured unicast and anycast address of an IPv6 node. The solicited-node multicast
address is prefixed with FF02:0:0:0:0:1:FF00:0000/104. The remaining 24 bits are composed of the least significant 24 bits of the
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unicast or anycast address. For example, if the unicast address is FE80::2AA:FF:FE21:1234, the solicited-node multicast address is
FF02::1:FF21:1234.
The solicited-node multicast address is usually used in NS packets. Its address format is as follows:
Figure 3-7



Anycast Addresses

Similar to a multicast address, an anycast address can also be shared by multiple nodes. The difference is that only one node in the
anycast address receives data packets while all nodes included in the multicast address receive data packets. Since anycast addresses
are allocated to the normal IPv6 unicast address space, they have the same formats with unicast addresses. Every member in an
anycast address must be configured explicitly for easier recognition.
Anycast addresses can be allocated only to devices and cannot be used as source addresses of packets.
RFC 2373 redefines an anycast address called subnet-router anycast address. Figure 3- 8 shows the format of a subnet-router anycast
address. Such an address consists of the subnet prefix and a series of 0s (interface ID).
The subnet prefix identifies a specified link (subnet). Packets destined to the subnet-router anycast address will be forwarded to a
device on this subnet. A subnet-router anycast address is usually used by the application on a node to communicate with a device on
a remote subnet.
Figure 3- 8

Related Configuration



Configuring an IPv6 Address



No IPv6 address is configured on interfaces by default.



Run the ipv6 address command to configure the IPv6 unicast address and anycast address of an interface.



After an interface goes up, it will automatically join the corresponding multicast group.

3.3.3 IPv6 Packet Header Format

Figure3-9showstheformatoftheIPv6packetheader.
Figure 3-9
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The IPv4 packet header is in unit of four bytes. The IPv6 packet header consists of 40 bytes, in unit of eight bytes. The IPv6 packet
header has the following fields:



Version

This field consists of 4 bits. In an IPv6 address, this field must be 6.



Traffic Class

This field consists of 8 bits. This field indicates the service provided by this packet, similar to the TOS field in an IPv4 address.



Flow Label

This field consists of 20 bits to identify packets belonging to the same service flow. One node can act as the Tx source of multiple
service flows. The flow label and source address uniquely identify one service flow.



Payload Length

This field consists of 16 bits, including the packet payload length and the length of IPv6 extended options (if available). That is, it
includes the IPv6 packet length except the IPv6 packet header.



Next Header

This field indicates the protocol type in the header field following the IPv6 packet header. Similar to the Protocol field in the IPv4
address header, the Next Header field is used to indicate whether the upper layer uses TCP or UDP. It can also be used to indicate
existence of the IPv6 extension header.



Hop Limit

This field consists of 8 bits. Every time a device forwards a packet, the field value reduced by 1. If the field value reaches 0, this packet
will be discarded. It is similar to the Lifetime field in the IPv4 packet header.



Source Address
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This field consists of 128 bits and indicates the sender address in an IPv6 packet.



Destination Address

This field consists of 128 bits and indicates the receiver address in an IPv6 packet.
At present, IPv6 defines the following extension headers:



Hop-By-Hop Options

This extension header must follow the IPv6 packet header. It consists of option data to be checked on each node along the path.



Routing Options (Type 0 routing header)

Thisextensionheader indicatesthenodesthat apacketpasses throughfromthesourceaddresstothedestination address.It consists
of the address list of the passerby nodes. The initial destination address in the IPv6 packet header is the first address among the
addresses in the routing header, but not the final destination address of the packet. After the node corresponding to the destination
address in the IPv6 packet header receives a packet, it processes the IPv6 packet header and routing header, and sends the packet to
the second address, the third address, and so on in the routing header list till the packet reaches the final destination address.



Fragment

The source node uses this extension header to fragment the packets of which the length exceeds the path MTU (PMTU).



Destination Options

This extension header replaces the option fields of IPv4. At present, the Destination Options field can only be filled with integral
multiples of 64 bits (eight bytes) if required. This extension header can be used to carry information to be checked by the destination
node.



Upper-layer header

This extension header indicates the protocol used at the upper layer, such as TCP (6) and UDP (17).
Another two extension headers AH and ESP will be described in the Configuring IPSec.
3.3.4 IPv6 PMTUD

SimilartoIPv4 Path MTU Discovery (PMTUD), IPv6 PMTUD allows a host to dynamicallydiscover and adjust the MTUsizeon the data
Tx path. If the length of a data packet to be sent by a host is greater than the PMTU, the host performs packet fragmentation on its
own. In this manner, the IPv6 device does not need to perform fragmentation, saving device resources and improving the IPv6
network efficiency.
Figure 3- 10
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As shown in Figure 3- 10, if the length of a packet to be sent by the host is greater than the PMTU, the router discards this packet and
sends an ICMPv6 Packet Too Big message containing its PMTU to the host. The host then fragments the packet based on the new
PMTU. In this manner, the router does not need to perform fragmentation, saving router resources and improving the IPv6 network
efficiency.
Related Configuration

 Configuring the IPv6 MTU of an Interface


The default IPv6 MTU is 1500 on an Ethernet interface.



To reduce traffic caused by dropping packets, a proper MTU value needs to be set according to the actual networking
environment. Run the ipv6 mtu command to modify the IPv6 MTU of an interface.

3.3.5 IPv6 Neighbor Discovery

NDP is a basic part of IPv6. Its main functions include router discovery, prefix discovery, parameter discovery, address autoconfiguration, address resolution (like ARP), next-hop determination, NUD, DAD, and redirection. NDP defines five ICMP packets: RS
(ICMP type: 133), RA (ICMP type: 134), NS (similar to ARP request, ICMP type: 135), NA (similar to ARP reply, ICMP type: 136), ICMP
Redirect (ICMP type:137).
All the above ICMP packets carry one or multiple options. These options are optional in some cases but are significant in other cases.
NDP mainly defines five options: Source Link-Layer Address Option, Type=1; TaFSet Link-Layer Address Option, Type=2; Prefix
Information Option, Type=3; Redirection Header Option, Type=4; MTU Option, Type=5.

 Address Resolution
When a node attempts to communicate with another, the node has to obtain the link-layer address of the peer end by sending it an
NS packet. In this packet, the destination address is the solicited-node multicast address corresponding to the IPv6 address of the
destination node. This packet also contains the link-layer address of the source node. After receiving this NS packet, the peer end
replies with an NA packet in which the destination address is the source address of the NS packet, that is, the link-layer address of the
solicited node. After receiving this NA packet, the source node can communicate with the destination node.
Figure 3- 11 shows the address resolution process.
Figure 3-11
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NUD

If the reachable timeof a neighbor has elapsed but an IPv6 unicast packet needs tobe sent to it,the deviceperforms NUD.
While performing NUD, the device can continue to forward IPv6 packets to the neighbor.



DAD

To know whether the IPv6 address configured for a host is unique, the device needs to perform DAD by sending an NS packet in
which the source IPv6 address is the unspecified address.
If a device detects an address conflict, this address is set to the duplicate status so that the device cannot receive IPv6 packets with
this address being the destination address. Meanwhile, the device also starts a timer for this duplicate address to periodically perform
DAD. If no address conflict is detected in re-detection, this address can be properly used.



Router, Prefix, and Parameter Discovery

Adeviceperiodicallysends RApacketstoalllocalnodesonthelink.
Figure 3- 12 shows the RA packet sending process.
Figure 3- 12

An RA packet usually contains the following content:



One or multiple IPv6 address prefixes (used for on-link determination or stateless address auto-configuration)



Validity of the IPv6 address prefix



Host auto-configuration method (stateful or stateless)
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Default device information (whether the device acts as the default device; if yes, the interval for acting as the default device is
also included.)



Other information provided for host configuration, such as hop limit, MTU, and NS retransmission interval



Routing priority

RA packets can also be used as replies to the RS packets sent by a host. Using RS packets, a host can obtain the auto-configured
information immediately after started rather than wait for the RA packets sent by the device. If no unicast address is configured for a
newly started host, the host includes the unspecified address (0:0:0:0:0:0:0:0) as the source address in the RS packet. Otherwise, the
host uses the configured unicast address as the source address and the multicast address of all local routing devices (FF02::2) as the
destination address in the RS packet. As an reply to the RS packet, the RA packet uses the source address of the RS packet as the
destination address (if the source address is the unspecified address, it uses the multicast address of all local nodes (FF02::1).
In an RA packet, the following parameters can be configured:



Ra-interval: Interval for sending the RA packet.



Ra-lifetime: Lifetime of a router, that is, whether the device acts as the default router on the local link and the interval for acting
as the defaultrouter.



Prefix: Prefix of an IPv6 address on the local link. It is used for on-link determination or stateless address auto-configuration,
including other parameter configurations related to the prefix.



Ns-interval: NS packet retransmission interval.



Reachabletime: Period when the device regards a neighbor reachable after detecting a Confirm Neighbor Reachability event.



Ra-hoplimit: Hops of the RA packet, used to set the hop limit for a host to send a unicast packet.



Ra-mtu: MTU of the RA packet.



Managed-config-flag: Whether a host receiving this RA packet obtains the address through stateful auto-configuration.



Other-config-flag:Whether ahostreceiving thisRApacket usesDHCPv6 toobtainother informationexcepttheIPv6addressfor
auto-configuration.

Configure the above parameters when configuring IPv6 interface attributes.



The RDNSS and DNSSL options provide IPv6 terminals with the addresses of recursive DNS servers and a search list of DNS
domain names.



The URL options offers URLs to IPv6 terminals.



Redirection

If a router receiving an IPv6 packet finds a better next hop, it sends the ICMP Redirect packet to inform the host of the better next hop.
The host will directly send the IPv6 packet to the better next hop next time.



Maximum Number of Unresolved ND Entries



You can configure the maximum number of unresolved ND entries to prevent malicious scanning network segments from
generating a large number of unresolved ND entries and occupying excessive memory space.



Maximum Number of Neighbor Learning Entries on an Interface



Youcan configure the maximum number of neighbor learning entries on an interface to prevent neighbor learning attacks from
occupying ND entries and memory space of the device and affecting forwarding efficiency of the device.
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Related Configuration



Enabling IPv6 Redirection



By default, ICMPv6 Redirect packets can be sent on IPv6 interfaces.



Run the no ipv6 redirects command in interface configuration mode to prohibit an interface from sending Redirect packets.



Configuring IPv6 DAD



By default, an interface sends one NS packet to perform IPv6 DAD.



Run the ipv6 nd dad attempts value command in interface configuration mode to configure the number of NS packets
consecutively sent by DAD. Value 0 indicates disabling DAD for IPv6 addresses on this interface.



Run the no ipv6 nd dad attempts command to restore the default configuration.



By default, the device performs DAD on duplicate IPv6 addresses every 60 seconds.



Run the ipv6 nd dad retry value command in global configuration mode to configure the DAD interval. Value 0 indicates
disabling DAD for the device.



Run the no ipv6 nd dad retry command to restore the default configuration.



Configuring the Reachable Time of a Neighbor



The default reachable time of an IPv6 neighbor is 30s.



Run the ipv6 nd reachable-time milliseconds command in interface configuration mode to modify the reachable time of a
neighbor.



Configuring the Stale Time of a Neighbor



The default stale time of an IPv6 neighbor is 1 hour. After the time elapses, the device performs NUD.



Run the ipv6 nd stale-time seconds command in interface configuration mode to modify the stale time of a neighbor.



Configuring Prefix Information



By default, the prefix in an RA packet on an interface is the prefix configured in the ipv6 address command on the interface.



Run the ipv6 nd prefix command in interface configuration mode to add or delete prefixes and prefix parameters that can be
advertised.



Enabling/disabling RA Suppression



By default, an IPv6 interface does not send RA packets.



Run the no ipv6 nd suppress-ra command in interface configuration mode to disable RA suppression.



Configuring the Maximum Number of Unresolved ND Entries



The default value is 0, indicating no restriction. It is only restricted to the ND entry capacity supported by the device.



Run the ipv6 nd unresolved number command in global configuration mode to restrict the number of unresolved neighbors.
After the entries exceed this restriction, the device does not actively resolve subsequent packets.



Configuring the Maximum Number of ND Entries Learned on an Interface
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Run the ipv6 nd cache interface-limit value command in interface configuration mode to restrict the number of neighbors
learned on an interface. The default value is 0, indicating no restriction.

3.3.6 IPv6 Source Routing

Working Principle
Similar to the IPv4 loose source routing and loose record routing options, the IPv6 routing header is used to specify the intermediate
nodes that the packet passes through along the path to the destination address. It uses the following format:
Figure 3- 13

The Segments Left field is used to indicate how many intermediate nodes are specified in the routing header for the packet to pass
through from the current node to the final destination address.
Currently, two routing types are defined: 0 and 2. The Type 2 routing header is used for mobile communication. RFC 2460 defines the
Type 0 routing header (similar to the loose source routing option of IPv4). The format of the Type 0 routing header is as follows:
Figure 3- 14
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Thefollowingexampledescribestheapplicationof theType 0routingheader,as showninFigure3-15.
Figure 3-15

Host 1 sends Host 2 a packet specifying the intermediate nodes Router 2 and Router 3. The following table lists the changes of fields
related to the IPv6 header and routing header during the forwarding process.
Transmission

Fields in the IPv6 Header

Fields Related to the Type 0 Routing Header

Source address=1000::2

Segments Left=2

Destination address=1001::1 (Address of Router 2)

Address 1=1002::1 (Address of Router 3)

Node
Host 1

Address 2=1003::2 (Address of Host 2)
Router 1

No change

Router 2

Source address=1000::2

Segments Left=1

Destination address=1002::1 (Address of Router 3)

Address 1=1001::1 (Address of Router 2)
Address 2=1003::2 (Address of Host 2)

Router 3

Source address=1000::2

Segments Left=0

Destination address=1003::2 (Address of Host 2)

Address 1=1001::1 (Address ofRouter 2)
Address 1=1002::2 (Address ofRouter 3)
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Host 2

No change

The forwarding process is as follows:
1.

Host 1 sends a packet in which the destination address is Router 2's address 1001::1, the Type 0 routing header is filled with
Router 3's address 1002::1 and Host 2's address 1003::2, and the value of the Segments Left field is 2.

2.

Router 1 forwards this packet to Router 2.

3.

Router 2 changes the destination address in the IPv6 header to Address 1 in the routing header. That is, the destination address
becomes Router 3's address 1002::1, Address 1 in the routing header becomes Router 2's address 1001::1, and the value of the
Segments Left field becomes 1. After modification, Router 2 forwards the packet to Router 3.

4.

Router 3 changes the destination address in the IPv6 header to Address 2 in the routing header. That is, the destination address
becomes Host 2's address 1003::2, Address 2 in the routing header becomes Router 3's address 1002::1, and the value of the
Segments Left field becomes 0. After modification, Router 3 forwards the packet to Host 2.

The Type 0 routing header may be used to initiate DoS attacks. As shown in Figure 3- 16, Host 1 sends packets to Host 2 at 1 Mbps and
forges a routing header to cause multiple round-trips between Router 2 and Router 3 (50 times from Router 2 to Router 3 and 49
times from Router 3 to Router 2). At the time, the routing header generates the traffic amplification effect:" 50 Mbps from Router 2 to
Router 3 and 49 Mbps from Router 3 to Router 2."Due to this security problem, RFC 5095 abolished the Type 0 routing header.
Figure 3- 16

Related Configuration



Enabling IPv6 Source Routing



The Type 0 routing header is not supported by default.



Run the ipv6 source-route command in global configuration mode to enable IPv6 source routing.

3.3.7 Restricting the Sending Rate of ICMPv6 Error Messages

Working Principle
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The destination node or intermediate router sends ICMPv6 error messages to report the errors incurred during IPv6 data packet
forwarding and transmission. There are mainly four types of error messages: Destination Unreachable, Packet Too Big, Time Exceeded,
and Parameter Problem.
When receiving an invalid IPv6 packet, a device discards the packet and sends back an ICMPv6 error message to the source IPv6
address. In the case of invalid IPv6 packet attacks, the device may continuously reply to ICMPv6 error messages till device resources
are exhausted and thereby fail to properly provide services. To solve this problem, you can restrict the sending rate of ICMPv6 error
messages.
If the length of an IPv6 packet to be forwarded exceeds the IPv6 MTU of the outbound interface, the router discards this IPv6 packet
and sends back an ICMPv6 PacketTooBig message to the source IPv6 address. This error message is mainly used as part of the IPv6
PMTUD process. If the sending rate of ICMPv6 error messages is restricted due to excessive other ICMPv6 error messages, ICMPv6
PacketTooBig messages may be filtered, causing failure of IPv6 PMTUD. Therefore, it is recommended to restrict the sending rate of
ICMPv6 Packet Too Big messages independently of other ICMPv6 error messages.
Although ICMPv6 Redirect packets are not ICMPv6 error messages, FS recommends restricting their rates together with ICMPv6 error
messages except Packet Too Big messages.
Related Configuration



Configuring the Sending Rate of ICMPv6 Packet Too Big Messages



The default rate is 10 per 100 ms.



Run the ipv6 icmp error-interval too-big command to configure the sending rate of ICMPv6 Packet Too Big messages.



Configuring the Sending Rate of Other ICMPv6 Error Messages



The default rate is 10 per 100 ms.



Run the ipv6 icmp error-interval command to configure the sending rate of other ICMPv6 error messages.

3.3.8 IPv6 Hop Limit

WorkingPrinciple
An IPv6 data packet passes through routers from the source address and destination address. If a hop limit is configured, it decreases
by one every time the packet passes through a router. When the hop limit decreases to 0, the router discards the packet to prevent
this useless packet from being unlimitedly transmitted on the network and wasting network bandwidth. The hop limit is similar to the
TTL of IPv4.
Related Configuration



Configuring the IPv6 Hop Limit



The default IPv6 hop limit of a device is 64.



Run the ipv6 hop-limit command to configure the IPv6 hop limit of a device.

3.3.9 Refraining from Sending NS Packets to Authentication VLANs

Working Principle
Ingatewayauthenticationmode,allsubVLANsinasuperVLAN areauthenticationVLANsbydefault.UsersinanauthenticationVLAN
have to pass authentication to accessthe network. After authentication, a static ND entry is generated on the device.Therefore, when
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accessing an authenticated user, the device does not need to send NS packets to the authentication VLAN. If the device attempts to
access users in an authentication-free VLAN, it only needs to send NS requests to the authentication-free VLAN.
In gateway authentication mode, the function of refraining from sending NS packets to authenticationVLANs is enabled on the device
by default. If the device needs to access authentication-free users in an authentication VLAN, disable this function.
Related Configuration



Enabling the Function of Refraining from Sending NS Packets to Authentication VLANs



Run the ipv6 nd suppress-auth-vlan-ns command in interface configuration mode to enable the function of refraining from
sending NS packets to authentication VLANs.



This function is enabled by default.



This function is supported only on switch virtual interfaces (SVIs) and takes effect only in gateway authentication mode.

3.3.10 Default Gateway on the Management Interface

Working Principle
The default gateway is configured on the management interface to generate a default route for this interface.
Related Configuration



Configuring the Default Gateway on the Management Interface



Run the ipv6 gateway ipv6-address command in interface configuration mode to configure the default gateway on the
management interface.



No default gateway is configured on the management interface by default.

3.3.11 Configuring the Source Address of ICMPv6 Packets

Working Principle
In a network with a large number of IPv6 addresses configured, it is complex for receivers to recognize from which device ICMPv6
packets are sent. To simplify the judgement, you can choose a specified address, like the address of the loopback interface, as the
source address for ICMPv6 packets.
Related Configuration



Configuring the Source Address of ICMPv6 Packets



Run the ipv6 icmp source [ vrf vrf-name ] ipv6-address command in global configuration mode.

3.3.12 Enabling Statistics of ND Packets

Working Principle
After this feature is enabled, the number of ND packets received by or sent from the gateway is counted, and their rates within the
specified period are calculated.
Related Configuration



Configuring the Interval Between Two Samplings of ND Packets
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Run the ipv6 nd rate-statistics interval seconds command in global configuration mode.

3.3.13 Enabling Fast Removal of ND Entries

Working Principle
When L2 ports get down, their corresponding ND entries are fast deleted for fast routing convergence.
Related Configuration



Enabling Fast Removal of ND Entries



Run the ipv6 nd l2port-down fast-delete command in interface configuration mode.



By default, this feature is disabled.

3.3.14 Enabling an Interface to Learn ND Entries Via DAD NS Packets

Working Principle
After this command is run, when the interface receives DAD NS packets, ND entries with the status of Stale will be created.
Related Configuration



Enabling an Interface to Learn ND Entries Via DAD NS Packets



Run the ipv6 nd dad learning enable command in interface configuration mode.

3.3.15 Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces

Working Principle
By default, host routes are not generated when EVPN synchronizes ARP or ND entries to Overlay router interfaces. Therefore, L3
packets are not forwarded based on those entries. You can perform the no arp vxlan remote-arp inactive command to enable
forwarding of L3 packets.
Related Configuration



Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces



Run the no ipv6 nd remote inactive command in interface configuration mode.



By default, host routes are not generated when EVPN synchronizes ARP or ND entries to Overlay router interfaces.

3.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure IPv6 addresses and enable IPv6.

Configuring an IPv6 Address

Configuring IPv6 NDP

ipv6 enable

Enables IPv6 on an interface.

ipv6 address

Configures the IPv6 unicast address of an interface.

(Optional) It is used to enable IPv6 redirection on an interface.
ipv6 redirects

www.fs.com

Enables IPv6 redirection on an interface.

578

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Configuration

Description and Command
(Optional) It is used to enable DAD.
ipv6 nd dad attempts

Configures the number of consecutive NS packets sent during
DAD.

(Optional) It is used to configure ND parameters.
ipv6 nd reachable-time

Configures the reachable time of a neighbor.

ipv6 nd prefix

Configures the address prefix to be advertised in an RA packet.

ipv6 nd suppress-ra

Enables RA suppression on an interface.

(Optional) It is used to configure the maximum number of unresolved ND entries.
ipv6 nd unresolved

Configures the maximum number of unresolved ND entries.

(Optional) It is used to configure the RDNSS and DNSSL options in the RA.
ipv6 nd ra dns server

Configures the RDNSS option.

ipv6 nd ra dns search-list

Configures the DNSSL option.

(Optional) It is used to configure the URL for RA.
ipv6 nd ra-url

ipv6 nd ra-url

(Optional) It is used to configure the maximum number of neighbors learned on an interface.
ipv6 nd cache interface-limit

Configures the maximum number of neighbors learned on an
interface.

(Optional) It is used to restrict the MTU of IPv6 packets sent on an interface.

Enabling MTD on an Interface

ipv6 mtu

Configures the IPv6 MTU.

(Optional) It is used to enable IPv6 source routing.
Enabling IPv6 Source Routing
ipv6 source-route

Configures the device to forward IPv6 packets carrying the
routing header.

Optional.
Configuring the Sending Rate

ipv6

icmp

of ICMPv6 Error Messages

too-big

error-interval

ipv6 icmp error-interval

Configuring the IPv6 Hop Limit

Sending

Refraining
NS

from

Packets

to

Authentication VLANs
Configuring

the

Gateway on the Management
Interface
Enabling Statistics of ND

www.fs.com

and ICMPv6 Redirect packets.

Configures the IPv6 hop limit.

(Optional) It is used to restrict sending NS packets to authentication VLANs in gateway
authentication mode.
ipv6ndsuppress-auth-vlan-ns

Default

Configures the sending rates of other ICMPv6 error messages

(Optional) It is used to restrict the hop limit of IPv6 unicast packets sent on an interface.
ipv6 hop-limit

Enabling

Configures the sending rate of ICMPv6 Packet Too Big messages.

Enables NS broadcast suppression in authentication VLANs.

(Optional) It is used to configure the default gateway on the management interface.
ipv6 gateway ipv6-address

Configures the default gateway on the management interface.

(Optional) It is used to configure the interval between two samplings of ND packets.

579

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Configuration

Description and Command

Packets

ipv6 nd rate-statistics interval

Sets the interval between two samplings of ND packets and

seconds

enables statistics.

(Optional) It is used to delete ND entries as soon as L2 ports get down.

Enabling Fast Removal of ND
ipv6

Entries

nd

l2port-down

fast-delete
EnablinganInterfacetoLearn
ND Entries Via DAD NS Packets

Enables fast removal of ND entries when L2 ports get down.

(Optional) It is used to enable learning of ND entries through DAD NS packets.
ipv6 nd dad learning enable

Enables an interface to learn ND entries via DAD NS packets.

Enabling Generating of Host

(Optional) It is used to enable generating of host routes after EVPN synchronizes ND entries to

Routes After EVPN

Overlay router interfaces.

Synchronizes ND Entries to
Overlay Router Interfaces

no ipv6 nd remote inactive

Enables generating of host routes after EVPN synchronizes ND
entries to Overlay router interfaces.

3.4.1 Configuring an IPv6 Address

Configuration Effect
Configure the IPv6 address of an interface to implement IPv6 network communication.
Configuration Steps



Enabling IPv6 on an Interface



(Optional) If you do not want to enable IPv6 by configuring an IPv6 address, run the ipv6 enable command.



Configuring the IPv6 Unicast Address of an Interface



Mandatory.

Verification
Run the show ipv6 interface command to check whether the configured address takes effect.
Related Commands



Enabling IPv6 on an Interface

Command

ipv6 enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

IPv6 can be enabled on an interface by two methods: 1) running the ipv6 enable command in interface
configuration mode; 2) configuring an IPv6 address on the interface.
If an interface is bound to a multiprotocol VRF instance configured with no IPv6 address family, IPv6 cannot be
enabled on this interface.Youcan enable IPv6 on this interface only after configuring an IPv6 address family for
the multiprotocol VRF.
If an IPv6 address is configured on an interface, IPv6 is automatically enabled on this interface. In this case, IPv6
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cannot be disabled even when you run the no ipv6 enable command.



Configuring the IPv6 Unicast Address of an Interface

Command

ipv6 address ipv6-address / prefix-length
ipv6 address ipv6-prefix / prefix-length eui-64
ipv6 address prefix-name sub-bits / prefix-length [ eui-64 ]

Parameter

ipv6-address: Indicates the IPv6 address, which must comply with the address format defined in RFC 4291. Separated

Description

by a colon (:), each address field consists of 16 bits and is represented by hexadecimal digits.
ipv6-prefix: Indicates the IPv6 address prefix, which must comply with the address format defined in RFC 4291.
prefix-length: Indicates the length of the IPv6 address prefix, that is, the part representing the network in the IPv6
address.
prefix-name: Indicates the name of the universal prefix. This specified universal prefix is used to create the interface
address.
sub-bits: Indicates the subprefix bits and host bits of the address to be concatenated with the prefixes provided by
the general prefix specified with the prefix-name parameter.This value is combined withthe universal prefix to create
the interface address. This value must be in the form documented in RFC 4291.
eui-64: Indicates the created IPv6 address, consisting of the configured address prefix and 64-bit interface ID.

Command

Interface configuration mode

Mode
Usage Guide

If an interface is bound to a multiprotocol VRF instance configured with no IPv6 address family, the IPv6
address cannot be configured for this interface. Youcan configure the IPv6 address of this interface only after
configuring an IPv6 address family for the multiprotocol VRF.
IfanIPv6interfaceiscreatedandisUpstate,thesystemautomaticallygeneratesalink-localaddressforthisinterface.
The IPv6 address of an interface can also be created by the universal prefix mechanism. That is, IPv6 address =
Universal prefix + Sub prefix + Host bits. The universal prefix can be configured by running the ipv6 general-prefix
commandorlearnedbytheprefixdiscoveryfunctionoftheDHCPv6client(seetheConfiguringDHCPv6).Subprefix+
Host bits are specified by the sub-bits and prefix-length parameters in the ipv6 address command.
If you run the no ipv6 address command without specifying an address, all manually configured addresses will be
deleted.
Run the no ipv6 address ipv6-prefix/prefix-length eui-64 command to delete the configured address.

Configuration Example



Configuring an IPv6 Address on an Interface

Configuration

Enable IPv6 on the GigabitEthernet 0/0 interface and add IPv6 address 2000::1 to the interface.

Steps
FS(config)#interface gigabitEthernet 0/0
FS(config-if-GigabitEthernet 0/0)#ipv6 enable
FS(config-if-GigabitEthernet 0/0)#ipv6 address 2000::1/64
Verification

Run the show ipv6 interface command to verify that an address is successfully added to the GigabitEthernet 0/0
interface.
FS(config-if-GigabitEthernet 0/0)#show ipv6 interface gigabitEthernet 0/0
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interfaceGigabitEthernet0/0isDown,ifindex:1, vrf_id0
address(es):
Mac Address: 00:00:00:00:00:00
INET6: FE80::200:FF:FE00:1 [ TENTATIVE ], subnet is FE80::/64
INET6: 2000::1 [ TENTATIVE ], subnet is 2000::/64
Joined group address(es):
MTU is 1500 bytes
ICMP error messages limited to one every 100 milliseconds
ICMP redirects are enabled
NDDADisenabled,numberofDADattempts:1
ND reachable time is 30000 milliseconds
ND advertised reachable time is 0 milliseconds
ND retransmit interval is 1000 milliseconds
ND advertised retransmit interval is 0 milliseconds
ND router advertisements are sent every 200 seconds<160--240>
ND router advertisements live for 1800 seconds

3.4.2 Configuring IPv6NDP

Configuration Effect
Configure NDP-related attributes, for example, enable IPv6 redirection and DAD.
Notes
RA suppression is enabled on interfaces by default. To configure a device to send RA packets, run the no ipv6 nd suppress-ra
command in interface configuration mode.
Configuration Steps



Enabling IPv6 Redirection on an Interface



(Optional) IPv6 redirection is enabled by default.



To disable IPv6 redirection on an interface, run the no ipv6 redirects command.



Configuring the Number of Consecutive NS Packets Sent During DAD



Optional.



Toprevent enabling DAD for IPv6 addresses on an interface or modify the number of consecutive NS packets sent during DAD,
run the ipv6 nd dad attempts command.



Configuring the Reachable Time of a Neighbor
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Optional.



To modify the reachable time of a neighbor, run the ipv6 nd reachable-time command.



Configuring the Address Prefix to Be Advertised in an RA Packet



By default, the prefix in an RA packet on an interface is the prefix configured in the ipv6 address command on the interface.



(Optional) Run the ipv6 nd prefix command to add or delete prefixes and prefix parameters that can be advertised.



Enabling/Disabling RA Suppression on an Interface



Optional.



If a device needs to send RA packets, run the no ipv6 nd suppress-ra command.



Configuring the Maximum Number of Unresolved ND Entries



Optional.



If a large number of unresolved ND entries are generated due to scanning attacks, run the ipv6 nd unresolved command to
restrict the number of unresolved neighbors.



Configuring the Maximum Number of ND Entries Learned on an Interface



Optional.



If the number of IPv6 hosts is controllable, run the ipv6 nd cache interface-limit command to restrict the number of neighbors
learnedonaninterface.ThispreventsNDlearningattacksfromoccupyingthememoryspaceandaffectingdeviceperformance.

Verification
Run the following commands to check whether the configuration is correct:



show ipv6 interface interface-type interface-num: Check whether the configurations such as the redirection function, reachable
time of a neighbor, and NS sending interval take effect.



show ipv6 interface interface-type interface-num ra-inifo: Check whether the prefix and other information configured for RA
packets are correct.



show run

Related Commands



Enabling IPv6 Redirection on an Interface

Command

ipv6 redirects

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

All ICMPv6 error messages are transmitted at a limited transmission rate. By default, a maximum number of 10
ICMPv6 error messages are transmitted per second (10 pps).



Configuring the Number of Consecutive NS Packets Sent During DAD

Command
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Parameter

value: Indicates the number of NS packets.

Description
Command

Interface configuration mode

Mode
Usage Guide

Youneed to enable DAD before configuring an IPv6 address on an interface. Then the address is in tentative state. If
no address conflict is detected by DAD, this address can be correctly used. If an address conflict is detected and the
interface ID of this address uses EUI-64, duplicate link-layer addresses exist on this link. In this case, the system
automatically disables this interface to prevent IPv6-related operations on this interface). At the time, you must
configure a new address and restart the interface to re-enable DAD. When an interface changes from the down state
to the up state, DAD is re-enabled for the addresses on this interface.



Configuring the Reachable Time of a Neighbor

Command

ipv6 nd reachable-time milliseconds

Parameter

milliseconds: Indicates the reachable time of a neighbor, ranging from 0 to 3,600,000. The unit is millisecond. The

Description

default value is 30s.

Command

Interface configuration mode

Mode
Usage Guide

A device detects unreachable neighbors based on the configured reachable time. The shorter the configured
reachable time, the faster the device detects unreachable neighbors but the more it consumes network bandwidth
and device resources. Therefore, it is not recommended to set this time too small.
The configured value is advertised in an RA packet and is also used on the device. If the value is 0, the reachable time
is not specified on the device and it is recommended to use the default value.



Configuring the Address Prefix to Be Advertised in an RA Packet

Command

ipv6 nd prefix {ipv6-prefix/prefix-length | default} [ [ valid-lifetime { infinite | preferred-lifetime } ] | [ at valid-date
preferred-date ] | [infinite {infinite | preferred-lifetime}]] [no-advertise] | [[ off-link ] [ no-autoconfig ]]

Parameter

ipv6-prefix:IndicatesthenetworkIDofIPv6, whichmustcomplywiththe addressrepresentationformatinRFC 4291.

Description

prefix-length: Indicates the length of the IPv6 address prefix. A slash (/) must be added before the prefix.
valid-lifetime: Indicates the period when a host receiving the prefix of an RA packet regards the prefix valid.The value
ranges from 0 to 4,294,967,295. The default value is 30 days.
preferred-lifetime: Indicates the preferred period when a host receiving the prefix of an RA packet regards the prefix
valid. The value ranges from 0 to 4,294,967,295. The default value is 7 days.
at valid-date preferred-date: Indicates the valid date and preferred deadline configured for the RA prefix. It uses the
format of dd+mm+yyyy+hh+mm.
infinite: Indicates that the prefix is permanently valid.
default: Indicates that the default parameter configuration is used.
no-advertise:Indicatesthattheprefixisnot advertisedbyarouter.
off-link: If the prefix of the destination address in the IPv6 packet sent by a host matches the configured prefix, the
device regards the destination address on the same link and directly reachable. This parameter indicates that this
prefix does not require on-link determination.
no-autoconfig: Indicates that the prefix in the RA packet received by a host cannot be used for address
auto-configuration.

Command

Interface configuration mode

Mode
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Usage Guide

This command can be used to configure parameters related to each prefix, including whether to advertise this prefix.
By default, an RA packet uses the prefix configured by running the ipv6 address command. Run the ipv6 nd prefix
command to add other prefixes.
Run the ipv6 nd prefix default command to configure the default parameters for an interface. That is, if no
parameter is specified when a prefix is added, use the parameters configured in the ipv6 nd prefix default
command as the parameters of the new prefix. The default parameter configurations are abandoned once a
parameter is specified for the prefix. That is, when you use the ipv6 nd prefix default command to modify the
default parameter configurations, only the prefix configured for the default parameters changes and configurations
of the prefix remain the same.
at valid-date preferred-date: You can specify the valid date of the prefix in two methods: 1) specifying a fixed time for
each prefix in an RA packet; 2) specifying the deadline. In the second method, the valid date of the prefix in each RA
packet decreases till it becomes 0.



Enabling/Disabling RA Suppression on an Interface

Command

ipv6 nd suppress-ra

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



To enable RA suppression on an interface, run the ipv6 suppress-ra command.

Configuring the Maximum Number of Unresolved ND Entries

Command
Parameter

ipv6 nd unresolved number
number: Indicates the maximum number of unresolved ND entries.

Description
Command

Global configuration mode

Mode
Usage Guide

To prevent malicious scanning attacks from creating a large number of unresolved ND entries and occupying entry
resources, you can restrict the number of unresolved ND entries.



Configuring the Maximum Number of ND Entries Learned on an Interface

Command

ipv6 nd cache interface-limit value

Parameter

value: Indicates the maximum number of neighbors learned by an interface.

Description
Command

Interface configuration mode

Mode
Usage Guide

Restricting the number of ND entries learned on an interface can prevent malicious neighbor attacks. If this number
is not restricted, a large number of ND entries will be generated on the device, occupying excessive memory space.
The configured value must be equal to or greater than the number of the ND entries learned by the interface.
Otherwise, the configuration does not take effect. The configuration is subject to the ND entry capacity supported by
the device.

Configuration Example



Enabling IPv6 Redirection on an Interface
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Configuration

Enable IPv6 redirection on interface GigabitEthernet 0/0.

Steps
FS(config-if-GigabitEthernet 0/0)#ipv6 redirects
Verification

Run the show ipv6 interface command to check whether the configuration takes effect.
FS#show ipv6 interface gigabitEthernet 0/0

interfaceGigabitEthernet0/0isDown, ifindex:1, vrf_id0
address(es):
Mac Address: 00:00:00:00:00:00
INET6: FE80::200:FF:FE00:1 [ TENTATIVE ], subnet is FE80::/64
Joined group address(es):
MTU is 1500 bytes
ICMP error messages limited to one every 100 milliseconds
ICMP redirects are enabled
NDDADisenabled,number ofDADattempts:1
ND reachable time is 30000 milliseconds
ND advertised reachable time is 0 milliseconds
ND retransmit interval is 1000 milliseconds
ND advertised retransmit interval is 0 milliseconds
ND router advertisements are sent every 200 seconds<160--240>
ND router advertisements live for 1800 seconds



Configuring IPv6 DAD

Configuration

Configure the interface to send three consecutive NS packets during DAD.

Steps
FS(config-if-GigabitEthernet 0/0)# ipv6 nd dad attempts 3
Verification

Run the show ipv6 interface command to check whether the configuration takes effect.
FS#show ipv6 interface gigabitEthernet 0/0

interfaceGigabitEthernet0/0isDown, ifindex:1, vrf_id0
address(es):
Mac Address: 00:00:00:00:00:00
INET6: FE80::200:FF:FE00:1 [ TENTATIVE ], subnet is FE80::/64
Joined group address(es):
MTU is 1500 bytes
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ICMP error messages limited to one every 100 milliseconds
ICMP redirects are enabled
NDDADisenabled,numberofDADattempts:3
ND reachable time is 30000 milliseconds
ND advertised reachable time is 0 milliseconds
ND retransmit interval is 1000 milliseconds
ND advertised retransmit interval is 0 milliseconds
ND router advertisements are sent every 200 seconds<160--240>
ND router advertisements live for 1800 seconds
FS(config-if-GigabitEthernet 0/0)#



Configuring Prefix Information in an RA Packet

Configuration

Add a prefix 1234::/64 to interface GigabitEthernet 0/0.

Steps
FS(config-if-GigabitEthernet 0/0)#ipv6 nd prefix 1234::/6
Verification

Run the show ipv6 interface command to check whether the configuration takes effect.
FS#show ipv6 interface gigabitEthernet 0/0 ra-info

GigabitEthernet 0/0: DOWN (RA is suppressed)
RAtimerisstopped
waits:0, initcount:0
statistics: RA(out/in/inconsistent): 0/0/0, RS(input): 0
Link-layer address: 00:00:00:00:00:00
Physical MTU: 1500
ND router advertisements live for 1800 seconds
ND router advertisements are sent every 200 seconds<160--240>
Flags: !M!O, Adv MTU: 1500
ND advertised reachable time is 0 milliseconds
ND advertised retransmit time is 0 milliseconds
ND advertised CurHopLimit is 64
Prefixes: <total: 1>
1234::/64(Def, CFG, vltime: 2592000, pltime: 604800, flags: LA)



Configuring RA Packets to Obtain Prefixes from the Prefix Pool
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Configuration

Configure RA packets to obtain prefixes from the prefix pool "ra-pool".

Steps
FS(config-if-GigabitEthernet 0/0)#peel default ipv6 pool ra-pool
Verification

Run the show run command to check whether the configuration takes effect.
FS(config-if-GigabitEthernet 0/0)#show run interface gigabitEthernet 0/0

Building configuration...
Current configuration : 125 bytes

interface GigabitEthernet 0/0
ipv6 enable
no ipv6 nd suppress-ra
peel default ipv6 pool ra-pool
!



Disabling RA Suppression

Configuration

Disable RA suppression on an interface.

Steps
FS(config-if-GigabitEthernet 0/0)# no ipv6 nd suppress-ra
Verification

Run the show run command to check whether the configuration takes effect.
FS(config-if-GigabitEthernet 0/0)#show run interface gigabitEthernet 0/0

Building configuration...
Current configuration : 125 bytes

interface GigabitEthernet 0/0
ipv6 enable
no ipv6 nd suppress-ra
!



Configuring the Maximum Number of Unresolved ND Entries

Configuration

Set the maximum number of unresolved ND entries to 200.

Steps
FS(config)# ipv6 nd unresolved 200
Verification
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Configuration

Set the maximum number of unresolved ND entries to 200.

Steps
FS(config)# ipv6 nd unresolved 200
Verification

Run the show run command to check whether the configuration takes effect.
FS#show run

ipv6 nd unresolved 200
!



Configuring the Maximum Number of ND Entries Learned on an Interface

Configuration

Set the maximum number of ND entries learned on an interface to 100.

Steps
FS(config-if-GigabitEthernet 0/1)# ipv6 nd cache interface-limit 100
Verification

Run the show run command to check whether the configuration takes effect.
FS#show run
!
interface GigabitEthernet 0/1
ipv6ndcacheinterface-limit100
!

3.4.3 Configuring IPv6 MTU on an Interface

Configuration Effect
According to the actual networking environment, configure a proper IPv6 to avoid package loss.
Notes
The IPv6 MTU of an interface must be less than or equal to the interface MTU. Generally, the range of the IPv6 MTU is from 1,280 to
1,500.
Configuration Steps



Configuring the IPv6 MTU of an Interface



Optional.



When the internet minimum MTU is less than the IPv6 MTU of the interface, use this configuration to set a proper interface MTU.

Verification



Run the show run or show ipv6 interface command to check whether the configuration is correct.



Capture the locally sent IPv6 packets of which the length exceeds the IPv6 MTU. The packet capture result shows that the IPv6
packet is fragmented based on the IPv6 MTU of the interface.
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Related Commands



Configuring the IPv6 MTU of an Interface

Command

ipv6 mtu bytes

Parameter

bytes: Indicates the MTU of an IPv6 packet, ranging from 1,280 to 1,500. The unit is byte.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the IPv6 MTU of an Interface

Configuration

Change the IPv6 MTU of interface GigabitEthernet 0/0 to 1,300.

Steps
FS(config-if-GigabitEthernet 0/0)#ipv6 mtu 1300
Verification

Run the show ipv6 interface command to check whether the configuration takes effect.
FS(config-if-GigabitEthernet 0/0)#show ipv6 interface

interfaceGigabitEthernet0/ isDown,ifindex: 1, vrf_id0
address(es):
Mac Address: 00:d0:f8:22:33:47
INET6: FE80::2D0:F8FF:FE22:3347 [ TENTATIVE ], subnet is FE80::/64
INET6: 1020::1 [ TENTATIVE ], subnet is 1020::/64
INET6: 1023::1 [ TENTATIVE ], subnet is 1023::/64
Joined group address(es):
MTU is 1300 bytes
ICMP error messages limited to one every 100 milliseconds
ICMP redirects are enabled
NDDADisenabled,number ofDADattempts:1
ND reachable time is 30000 milliseconds
ND advertised reachable time is 0 milliseconds
ND retransmit interval is 1000 milliseconds
ND advertised retransmit interval is 0 milliseconds
ND router advertisements are sent every 200 seconds<160--240>
ND router advertisements live for 1800 seconds
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3.4.4 Enabling IPv6 Source Routing

Configuration Effect
RFC5095 abolished theType 0 routing header. FSdevices do not support theType 0 routing header by default.The administrator can
run the ipv6 source-route command to in global configuration mode to enable IPv6 source routing.
Configuration Steps



Enabling IPv6 Source Routing



Optional.



To enable IPv6 source routing, run the ipv6 source-route command.

Verification
The device can properly forward packets carrying the Type 0 routing header.
Related Commands



Enabling IPv6 Source Routing

Command

ipv6 source-route

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Since the Type 0 header may cause the device prone to DoS attacks, the device does not forward IPv6 packets
carrying the routing header by default, but still processes IPv6 packets with itself being the final destination address
and the Type 0 routing header.

Configuration Example



Enabling IPv6 Source Routing

Configuration

Enable IPv6 source routing.

Steps
FS(config)#ipv6 source-route
Verification

Run the show run command to check whether the configuration takes effect.
FS#show run | inc ipv6 source-route
ipv6 source-route

3.4.5 Configuring the Sending Rate of ICMPv6 Error Messages

Configuration Effect
Configure the sending rate of ICMPv6 error messages.
Configuration Steps



Configuring the Sending Rate of ICMPv6 Packet Too Big Messages
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Optional.



If a device receives many IPv6 packets with the packet length exceeding the IPv6 MTU of the outbound interface and thereby
sends many ICMPv6 Packet Too Big messages to consume much CPU resources, run the ipv6 icmp error-interval too-big
command to restrict the sending rate of this error message.



Configuring the Sending Rate of Other ICMPv6 Error Messages



Optional.



If a device receives many illegal IPv6 packets and thereby generates many ICMPv6 error messages, run the ipv6 icmp
error-intervalcommand torestrict thesending rateof ICMPv6 errormessages.(This command does not affectthesending rate
of ICMPv6 Packet Too Big messages.)

Verification
Run the show running-config command to check whether the configuration takes effect.
Related Commands



Configuring the Sending Rate of ICMPv6 Packet Too Big Messages

Command

ipv6 icmp error-interval too-big milliseconds [bucket-size]

Parameter

milliseconds: Indicates the refresh period of a token bucket, ranging from0 to 2,147,483,647. The unit is millisecond.

Description

The default value is 100. If the value is 0, the sending rate of ICMPv6 error messages is not restricted.
bucket-size: Indicates the number of tokens in a token bucket, ranging from 1 to 200. The default value is 10.

Command

Global configuration mode

Mode
Usage Guide

To prevent DoS attacks, use the token bucket algorithm to restrict the sending rate of ICMPv6 error messages.
If the length of an IPv6 packet to be forwarded exceeds the IPv6 MTU of the outbound interface, the router discards
this IPv6 packet and sends back an ICMPv6 Packet Too Big message to the source IPv6 address. This error message is
mainly used as part of the IPv6 PMTUD process. If other ICMPv6 error messages are excessive, ICMPv6 Packet Too Big
messagescannot besent, causingfailureof IPv6 PMTUD.Therefore, itisrecommendedtorestrict thesending rateof
ICMPv6 Packet Too Big messages independently of other ICMPv6 error messages.
Since the precision of the timer is 10 milliseconds, it is recommended to set the refresh period of a token bucket to an
integer multiple of 10 milliseconds. If the refresh period of the token bucket is between 0 and 10, the actual refresh
period is10 milliseconds.For example, if thesending rateis setto 1every 5milliseconds, twoerror messages are sent
every 10 milliseconds in actual situations. If the refresh period of the token bucket is not an integer multiple of 10
milliseconds, it is automatically converted to an integer multiple of 10 milliseconds. For example, if the sending rate is
set to 3 every 15 milliseconds, two tokens are refreshed every 10 milliseconds in actual situations.



Configuring the Sending Rate of Other ICMPv6 Error Messages

Command

ipv6 icmp error-interval milliseconds [bucket-size]

Parameter

milliseconds: Indicates the refresh period of a token bucket, ranging from0 to 2,147,483,647. The unit is millisecond.

Description

The default value is 100. If the value is 0, the sending rate of ICMPv6 error messages is not restricted.
bucket-size: Indicates the number of tokens in a token bucket, ranging from 1 to 200. The default value is 10.

Command

Global configuration mode

Mode
Usage Guide
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Since the precision of the timer is 10 milliseconds, it is recommended to set the refresh period of a token bucket to an
integer multiple of 10 milliseconds. If the refresh period of the token bucket is between 0 and 10, the actual refresh
period is10 milliseconds.For example, if thesending rateis setto 1every 5milliseconds, twoerror messages are sent
every 10 milliseconds in actual situations. If the refresh period of the token bucket is not an integer multiple of 10
milliseconds, it is automatically converted to an integer multiple of 10 milliseconds. For example, if the sending rate is
set to 3 every 15 milliseconds, two tokens are refreshed every 10 milliseconds in actual situations.
Configuration Example



Configuring the Sending Rate of ICMPv6 Error Messages

Configuration

Setthe sendingrate ofthe ICMPv6 PacketTooBigmessageto100 pps and that of other ICMPv6errormessagesto10

Steps

pps.
FS(config)#ipv6 icmp error-interval too-big 1000 100
FS(config)#ipv6 icmp error-interval 1000 10

Verification

Run the show running-config command to check whether the configuration takes effect.
FS#show running-config | include ipv6 icmp error-interval
ipv6 icmp error-interval 1000 10
ipv6 icmp error-interval too-big 1000 100

3.4.6 Configuring the IPv6 Hop Limit

Configuration Effect
Configure the number of hops of a unicast packet to prevent the packet from being unlimitedly transmitted.
Configuration Steps



Configuring the IPv6 Hop Limit



Optional.



To modify the number of hops of a unicast packet, run the ipv6 hop-limit value command.

Verification



Run the show running-config command to check whether the configuration is correct.



Capture theIPv6 unicast packetssent by a host.The packet capture result shows that the hop-limit field value inthe IPv6 header
is the same as the configured hop limit.

Related Commands



Configuring the IPv6 Hop Limit

Command

ipv6 hop-limit value

Parameter

value: Indicates the number of hops of a unicast packet sent by the device. The value ranges from 1 to 255.

Description
Command

Global configuration mode

Mode
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Usage Guide

N/A

Configuration Example



Configuring the IPv6 Hop Limit

Configuration

Change the IPv6 hop limit of a device to 250.

Steps
FS(config)#ipv6 hop-limit 250
Verification

Run the show running-config command to check whether the configuration takes effect.
FS#show running-config
ipv6 hop-limit 254

3.4.7 Enabling/Disabling the Function of Refraining from Sending NS Packets to Authentication VLANs

Configuration Effect
Enable or disable the function of refraining from sending NS packets to authentication VLANs on an SVI.
Notes
The configuration is supported only on SVIs and takes effect only in gateway authentication mode.
Configuration Steps



Enabling/Disabling the Function of Refraining from Sending NS Packets to Authentication VLANs



Optional.



Ingateway authenticationmode, run thenoipv6 ndsuppress-auth-vlan-nscommand sothat thedevicecan send NSpackets
to authenticationVLANs.

Verification



Run the show running-config command to check whether the configuration is correct.

Related Commands



Enabling/Disabling the Function of Refraining from Sending NS Packets to Authentication VLANs

Command

ipv6 nd suppress-auth-vlan-ns

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Use the no form of this command to disable this function.

Configuration Example



Disabling the Function of Refraining from Sending NS Packets to Authentication VLANs
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Configuration

Disable the function of refraining from sending NS packets to authentication VLANs.

Steps
FS(config-if-VLAN2)#no ipv6ndsuppress-auth-vlan-ns
Verification

Run the show running-config interface vlan 2 command to check whether the configuration takes effect.
FS#show running-config interface vlan 2
no ipv6 nd suppress-auth-vlan-ns

3.4.8 Configuring the Default Gateway on the ManagementInterface

Configuration Effect
Configure the default gateway on the management interface. A default route is generated, with the outbound interface being the
management interface and the next hop being the configured gateway.
Notes
The configuration is supported only on the management interface.
Configuration Steps



Configuring the Default Gateway on the Management Interface



Optional.



To configure a default route and the next hop for the management interface, run the ipv6 gateway command.

Verification



Run the show running-config command to check whether the configuration is correct.

Related Commands



Configuring the Default Gateway on the Management Interface

Command

ipv6 gateway ipv6-address

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

This command is supported only on the management interface.

Configuration Example



Configuring the Default Gateway on the Management Interface

Configuration

Sett the default gateway of the management interface to 2000::1.

Steps
FS(config)# interface mgmt 0
FS(config-mgmt)# ipv6 gateway 2000::1
Verification
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Configuration

Sett the default gateway of the management interface to 2000::1.

Steps
FS(config)# interface mgmt 0
FS(config-mgmt)# ipv6 gateway 2000::1
Verification

Run the show running-config interface vlan 2 command to check whether the configuration takes effect.
FS#show running-config interface mgmt 0
Ipv6 gateway 2000::1

3.4.9 Configuring the Source Address of ICMPv6 Packets

Configuration Effect
Specifying the source address of ICMPv6 packets.
Configuration Steps



Configuring the Source Address of ICMPv6 Packets



Optional.



To set the source address for ICMPv6 packets, run the ipv6 icmpv6 source [ vrf vrf-name ] ipv6-address command in global
configuration mode.

Verification



After the source address is enabled, the address is used in ICMPv6 reply packets.

Related Commands



Configuring the Source Address of ICMPv6 Packets

Command

ipv6 icmp source [ vrf vrf-name ] ipv6-address

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

In a network with a laFSe number of IPv6 addresses configured, it is complex for receivers to recognize from which
device ICMPv6 packets are sent. Tosimplify the judgement, you can choose a specified address, like the address of
the loopback interface, as the source address for ICMPv6 packets.

Configuration Example



Configuring the Source Address of ICMPv6 Packets

Configuration

Configure the source address of ICMPv6 packets.

Steps
FS(config)# ipv6 icmp source 1001::1
Verification
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Configuration

Configure the source address of ICMPv6 packets.

Steps
FS(config)# ipv6 icmp source 1001::1
Verification

Run the show running-config command to check whether the configuration takes effect.
ipv6 icmp source 1001::1

3.4.10 Enabling Statistics of ND Packets

Configuration Effect
Calculating the rate of ND packets.
Configuration Steps



Configuring the Interval Between Two Samplings of ND Packets



Optional.



To set the source address for ICMPv6 packets, run the ipv6 nd rate-statistics interval seconds command in interface
configuration mode.

Verification



Run the show run-config command to display the configuration or the show ipv6 nd-packet [ interface interface-name ]
statistics command to display the rate of ND packets.

Related Commands



Configuring the Interval Between Two Samplings of ND Packets

Command

ipv6 nd rate-statistics interval seconds

Parameter

seconds: Specifies the interval between two samplings of ND packets in the unit of second. The range is from 60 to

Description

86,400.

Command

Global configuration mode

Mode
Usage Guide

The default value for seconds is 0, which means disabled statistics.
You can run the no ipv6 nd rate-statistics interval command to disabled the statistics.

Configuration Example



Configuring the Interval Between Two Samplings of ND Packets

Configuration

Set the interval to 100s.

Steps
FS(config)# ipv6 nd rate-statistics interval 100
Verification

Run the show running-config command to check whether the configuration takes effect.
ipv6 nd rate-statistics interval 100
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3.4.11 Enabling Fast Removal of ND Entries

Configuration Effect
When L2 ports get down, corresponding ND entries are fast deleted.
Configuration Steps



Enabling Fast Removal of ND Entries



Optional.



Perform the configuration in interface configuration mode.



Only SVIs are supported.

Verification



Run the show run command to display the configuration.

Related Commands



Enabling Fast Removal of ND Entries

Command

ipv6 nd l2port-down fast-delete

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Run the ipv6 nd l2port-down fast-delete command on an SVI, so ARP entries are removed as soon as L2 ports
under this SVI get down. Without configuring this feature, ARP entries are deleted only after their aging time is
reached.

Configuration Example



Enabling Fast Removal of ND Entries

Configuration

Enable fast removal of ND entries as soon as L2 ports get down.

Steps
FS(config-if-VLAN 2)#ipv6 nd l2port-down fast-delete
Verification

Run the show running-config command to check whether the configuration takes effect.
FS#show running-config
interface VLAN 2
!
ipv6 nd l2port-down fast-delete
!

3.4.12 Enabling an Interface to Learn ND Entries via DAD NS Packets

Configuration Effect
The enabled interface can learn ND entries via DAD NS packets.
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Configuration Steps



Enabling an Interface to Learn ND Entries via DAD NS Packets



Optional.

Verification



Run the show run-config command to display the configuration.

Related Commands



Enabling an Interface to Learn ND Entries via DAD NS Packets

Command

ipv6 nd dad learning enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

After this command is run, when the interface receives DAD NS packets, ND entries with the status of Stale will be
created.

Configuration Example



Enabling an Interface to Learn ND Entries via DAD NS Packets

Configuration

Enable the SVI 1 interface to learn ND entries via DAD NS packets.

Steps
FS(config-if-VLAN 1)# ipv6 nd dad learning enable
Verification

Run the show running-config command to check whether the configuration takes effect.
ipv6 nd dad learning enable

3.4.13 Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces

Configuration Effect
L3 traffic can be routed after this feature is enabled.
Configuration Steps



Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces



Optional.



Perform the no ipv6 nd remote inactive command in interface configuration mode.

Verification



Run the show run-config command to display the configuration.

Related Commands



Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces
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Command

no ipv6 nd remote inactive

Parameter

N/A

Description
Command

Interface configuration mode

Mode
In the VXLAN EVPN environment, BGP is adopted for most forwarding scenarios, and L3 forwarding based on ARP

Usage Guide

entries isnot usually needed. So, toavoid a waste of hardware resources, by default, host routes are configured not to
be generated when EVPN synchronizes ARP or ND entries to Overlay router interfaces. But when BGP is not available,
you should perform this command so traffic can be routed.
Configuration Example



Enabling Generating of Host Routes After EVPN Synchronizes ND Entries to Overlay Router Interfaces

Configuration

Enabling generating of host routes after EVPN synchronizes ND entries to the Overlay router interface, OverlayRouter

Steps

1.
FS(config-if-OverlayRouter 1)#no ipv6 nd remote inactive

Verification

Run the show running-config command to check whether the configuration takes effect.
!
interface OverlayRouter 1
no ipv6 nd remote inactive
!

3.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description
Clears

the

Command
dynamically

learned

clrear ipv6 neighbors [ vrf vrf-name ] [ oob ] [interface-id]

neighbors.
clear ipv6 nd-packet [ interface-name | statistics ]

Clears statistics of ND packets.
Displaying
Description
Displays IPv6

Command
information

of

an

interface.
Displays neighbor information.
Displays information of the IPv6 routing
table.
Displays statistics of ND packets.

show ipv6 interface [[interface-id] [ra-info] ] [brief [interface-id]]
show ipv6 neighbors [vrf vrf-name] [verbose] [interface-id] [ipv6-address] [static] [oob]
show ipv6 route [vrf vrf-name] [ static | local | connected | bgp | rip | ospf | isis ]
show ipv6 nd-packet [ interface interface-name ] statistics

Debugging
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System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
Description

Command

Debugs ND entry learning.

debug ipv6 nd

4 Configuring DHCP
4.1 Overview
The Dynamic Host Configuration Protocol (DHCP) is a LAN protocol based on the User Datagram Protocol (UDP) for dynamically
assigning reusable network resources, for example, IP addresses.
The DHCP works in Client/Server mode. A DHCP client sends a request message to a DHCP server to obtain an IP address and other
configurations. When a DHCP client and a DHCP server are not in a same subnet, they need a DHCP relay to forward DHCP request and
reply packets.
Protocols and Standards



RFC2131: Dynamic Host Configuration Protocol



RFC2132: DHCP Options and BOOTP Vendor Extensions



RFC3046: DHCP Relay Agent Information Option

4.2 Applications
Application

Description

Providing DHCP Service in a LAN

Assigns IP addresses to clients in a LAN.

Enabling DHCP Client

Enable DHCP Client.

Applying AM Rule on DHCP Server

Apply DHCP Server in Super VLAN environment.

Deploying DHCP Relay in Wired Network In a wired network, users from different network segments requests IP addresses.
Applying AM Rule on DHCP Relay

In a Super VLAN, users from different network segments requests IP addresses.

4.2.1 Providing DHCP Service in a LAN

Scenario
Assign IP addresses to four users in a LAN.
For example, assign IP addresses to User 1, User 2, User 3 and User 4, as shown in the following figure.



The four users are connected to Server S through A, B, C and D.
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Figure 4- 1

Remarks

S is an egress gateway working as a DHCP server.
A, B, C and D are access switches achieving layer-2 transparent transmission.
User 1, User 2, User 3 and User 4 are LAN users.

Deployment



Enable DHCP Server on S.



Deploy layer-2 VLAN transparent transmission on A, B, C and D.



User 1, User 2, User 3 and User 4 initiate DHCP client requests.

4.2.2 Enabling DHCP Client

Scenario
Access switches A, B, C and D in a LAN request server S to assign IP addresses.
For example, enable DHCP Client on the interfaces of A, B, C and D to request IP addresses, as shown in the following figure.
Figure 4-2

Remarks

S is an egress gateway working as a DHCP server.
A, B, C and D are access switches with DHCP Client enabled on the interfaces.

Deployment



Enable DHCP Server on S.
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Enable DHCP Client on the interfaces of A, B, C and D.

4.2.3 Applying AM Rule on DHCP Server

Scenario
Asshown inFigure 4-3, create a SuperVLAN, configurean AM rule and enable DHCP Server on the coreswitchA. B isan aggregation
switch, C an access switch, and D a wireless access device. The requirements are listed as follows:



Assign IP addresses dynamically based on the VLAN and port;



Assign IP addresses statically based on the VLAN;



Assign IP addresses dynamically based on the default AM rule.

Figure 4- 3 Applying AM Rule on a DHCP Server

Remarks

A is a core device.
B is an aggregation device.
C is a wired access device.
D is a wireless access device.

Deployment



Configure an AM rule, enable DHCP Server and create a Super VLAN on A.



Create VLANs on B and C to transparently transmit DHCP packets from wired users to A to request IP addresses.



Enable the wireless function on D to transparently transmit DHCP packets from wireless users to A to request IP addresses.

4.2.4 Deploying DHCP Relay in Wired Network

Scenario
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Asshowninthefollowingfigure,SwitchCand SwitchDareaccessdevicesfortheusersinVLAN10andVLAN20respectively.SwitchB
is a gateway, and Switch A a core device. The requirements are listed as follows:
Switch A works as a DHCP server to assign IP addresses of different network segments dynamically to users in different VLANs.
Users in VLAN 10 and VLAN 20 obtain IP addresses dynamically.
Figure 4- 4 DHCP Relay

Remarks

Switch C and Switch D are access devices.
Switch B is a gateway.
Switch A is a core device.

Deployment



Configure layer-2 communication between Switch B and Switch C as well as between Switch B and Switch D.



On Switch B, specify a DHCP server address and enable DHCP Relay.



On Switch A, create DHCP address pools for VLAN 10 and VLAN 20 respectively, and enable DHCP Server.

4.2.5 Applying AM Rule on DHCP Relay

Scenario
As shown in Figure 4- 5, A is a DHCP server, B a core switch configured with Super VLAN, an AM rule and DHCP Relay, C an aggregation
switch, D an access switch, and E a wireless access device. The requirements are listed as follows:



Based on the VLAN-port AM rule, the DHCP relay agent chooses a subnet address as Giaddress of relay packets and forwards
them to the DHCP server to request an IP address for the client.



Based on default AM rule, theDHCP relay agent chooses a subnet address as Giaddress of relaying packetsand forwards them
to the DHCP server to request an IP address for the client.
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Figure 4- 5 Applying AM Rule on DHCP Relay

Remarks

A is a core device.
B is a core device.
C is an aggregation device.
D is a wired access device.
E is a wireless access device.

Deployment



Enable DHCP Server on A.



Configure an AM rule, enable DHCP Relay and create a Super VLAN on B.



Create VLANs on C and D to transparently transmit DHCP packets from wired users to B to request IP addresses.



Enable the wireless function on E to transparently transmit DHCP packets from wireless users to B to request IP addresses.
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4.3 Features
Basic Concepts



DHCP Server

Based on the RFC 2131, FS DHCP server assigns IP addresses to clients and manages these IP addresses.



DHCP Client

DHCP Client enables a device to automatically obtain an IP address and configurations from a DHCP server.



DHCP Relay

When a DHCP client and a DHCP server are not in a same subnet, they need a DHCP relay to forward DHCP request and reply packets.



Lease

Lease is a period of timespecified by a DHCP server for a client to use an assigned IP address. An IP address is active when leased to a
client. Before a lease expires, a client needs to renew the lease through a server. When a lease expires or is deleted from a server, the
lease becomes inactive.



Excluded Address

An excluded address is a specified IP address not assigned to a client by a DHCP server.



Address Pool

An address pool is a collection of IP addresses that a DHCP server may assign to clients.



Option Type

An option type is a parameter specified by a DHCP server when it provides lease service toa DHCP client. For example, a public option
include the IP addresses of a default gateway (router), WINS server and a DNS server. DHCP server allows configuration of other
options. Though most options are defined in the RFC 2132, you can add user-defined options.
Overview
Feature

Description

DHCP Server

Enable DHCP Server on a device, and it may assign IP addresses dynamically and pushes configurations
to DHCP clients.

DHCP Relay

Enable DHCP Relay on a device, and it may forward DHCP request and reply packets across different
network segments.

DHCP Client

Enable DHCPClient on adevice,and itmayobtain IPaddressesand configurations automaticallyfroma
DHCP server.

AM Rule

Enable an AM rule on a device, and it may assign IP addresses according to the rule.

4.3.1 DHCPServer

Working Principle



DHCP Working Principle

Figure 4- 6
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A host requests an IP address through DHCP as follows:
1.

A host broadcasts a DHCP discover packet to find DHCP servers in a network.

2.

DHCP servers unicast/broadcast (based on the property of the host packet) DHCP offer packets to the host, containing an IP
address, a MAC address, a domain name and a lease.

3.

The host broadcasts a DHCP request packet to formally request an IP address.

4.

A DHCP server sends a DHCP ACK unitcast packet to the host to acknowledge the request.
A DHCP client may receive DHCPOFFER packets from multiple DHCP servers, but usually it accepts only the first DHCPOFFER
packet. Besides, the address specified in a DHCPOFFER packet is not necessarily assigned. Instead, it is retained by the DHCP
server until a client sends a formal request.

To formally request an IP address, a client broadcasts a DHCPREQUEST packet so that all DHCP servers sending DHCPOFFER packets
may receive the packet and release OFFER IP addresses.
If a DHCPOFFER packet contains invalid configuration parameters, a client will send a DHCPDECLINE packet to the server to decline
the configuration.
During the negotiation, if a client does not respond to the DHCPOFFER packets in time, servers will send DHCPNAK packets to the
client and the client will reinitiate the process.
During network construction, FS DHCP servers have the following features:



Low cost. Usually the static IP address configuration costs more than DHCP configuration.



Simplified configuration. Dynamic IP address assignment dramatically simplifies device configuration



Centralized management. You can modify the configuration for multiple subnets by simply modifying the DHCP server
configuration.



Address Pool

After a server receives a client's request packet, it chooses a valid address pool, determines an available IP address from the pool
through PING, and pushes the pool and address configuration to the client. The lease information is saved locally for validity check
upon lease renewal.
An address pool may carry various configuration parameters as follows:



An IP address range, which is the range of IP addresses that are available.



A gateway address. A maximum of 8 gateway addresses are supported.



A DNS address. A maximum of 8 DNS addresses are supported.



A lease period notifying clients of when to age an address and request a lease renewal.

 VRRP Monitoring
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In a Virtual Router Redundancy Protocol (VRRP) scenario, FS devices enabled with DHCP provide a command to monitor the VRRP
status of the interface. To an interface configured with VRRP address and VRRP monitoring, a DHCP server only processes the DHCP
clients' request packets from the interface in Master state, and other packets are discarded. If no VRRP address is configured, the DHCP
server does not monitor the VRRP status, and all DHCP packets are processed. VRRP monitoring is configured on only layer-3 interfaces.
It is disabled by default, namely, only the Master device processes the DHCP service.



IP Address Assignment Based on VLANs, Ports and IP Range

After an IP address pool is deployed, the specified IP address range is assigned based on VLANs and ports. There are three scenarios. 1.
Global configuration. 2. Configuration based on VLANs, ports and IP range. 3. Both 1 and 2. In scenario 1, the addresses are assigned
globally. In scenario 2, the addresses in the specified IP range are assigned only to the clients of the specified VLANs and ports. In
scenario 3, the clients of the specified VLANs and ports are assigned the addresses in the specified IP range, and the other clients are
configured with default global addresses.
Related Configuration



Enabling DHCP Server Globally



By default, DHCP Server is disabled.



Run the service dhcp command to enable the DHCP Server.



Run the service dhcp command globally to enable DHCP service.



Configuring AddressPool



By default, no address pool is configured.



Run the ip dhcp pool command to configure an IP address range, a gateway and a DNS.



If no address pool is configured, no addresses will be assigned.

4.3.2 DHCP Relay Agent

Working Principle
The destination IP address of DHCP request packets is 255.255.255.255, and these packets are forwarded within a subnet. To achieve
IP address assignment across network segments, a DHCP relay agent is needed. The DHCP relay agent unicasts DHCP request packets
toa DHCP server and forwards DHCP reply packetsto a DCHP client.The DHCP relayagent serves as a repeater connecting a DHCP
client and a DHCP server of different network segments by forwarding DHCP request packets and DHCP reply packets. The
Client-Relay-Server mode achieves management of IP addresses across multiple network segments by only one DHCP server. See the
following figure.
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Figure 4- 7 DHCP Relay Scenario

VLAN 10 and VLAN 20 correspond to the segments 10.0.0.1/16 and 20.0.0.1/16 respectively. A DHCP server with IP address 30.0.0.2 is
in segment 30.0.0.1/16. To achieve management of dynamic IP addresses in VLAN 10 and VLAN 20 by the DHCP server, you only need
to enable DHCP Relay on a gateway and configure IP address 30.0.0.2 for the DHCP server.

 DHCP Relay Agent Information (Option 82)
As defined in RFC3046, an option can be added to indicate a DHCP client's network information when DHCP Relay is performed, so
that a DHCP server may assign IPaddresses of various privileges based on moreaccurateinformation. The option iscalled Option 82.
Currently, FS devices support four schemes of relay agent information, which are described respectively as follows:
20.

Relay agent information option dot1x: This scheme should be implemented with 802.1X authentication and the FS-SAM
products.Specifically,FS-SAM productspush theIP privilege during 802.1X authentication. A DHCPrelay agent formsa Circuit
ID sub-option based on the IP privilege and the VLAN ID of a DHCP client. The option format is shown in the following figure.

Figure 4- 8 Option Format

21.

Relay agent information option82: This scheme serves without correlation with other protocol modules. A DHCP relay agent
forms an Option 82 based on the physical port receiving DHCP request packets and the MAC address of the device. The option
format is shown in the following figure.

Figure 4- 9 Agent Circuit ID

Figure 4- 10 Agent Remote ID
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22.

Relay agent information option VPN: This scheme should be implemented with MPLS VPN functions.

Figure 4- 11 Application in MPLS VPN Environment

As shown in Figure 4-11, inMPLSVPN environment, DHCP Client 1 is connected to fa0/1 on a DHCP relay agent and DHCP Client 2 to
fa1/1. Interfaces fa0/1 and fa1/1 belongs to different VRFs. DHCP Client 1 and DHCP Client 2 obtain IP addresses through DHCP.
According to network planning, VPN Department I and VPN Department II are in a same segment 192.168.4.0/24. In this case,
conventional DHCP application cannot meet the demand. To support DHCP Relay in MPLS VPN environment, option vpn is
introduced, which includes the three sub-options, namely, VPN-ID, Subnet-Selection and Server-Identifier-Override.



VPN-ID: When a DHCP relay agent receives a DHCP request packet, it adds the information of the VPN the DHCP client resides to
the packet as an option. The DHCP server keeps the VPN-ID in a reply packet, and the DHCP relay agent forwards the packet to
the corresponding VRF according to the option. The option format is shown in the following figure.

Figure 4- 12 VPN-ID



Subnet-Selection: In conventional DHCP Relay, the information of a client network and the addresses of a DHCP server and a
DHCPrelayagent areindicatedby thegatewayaddress[giaddr ] field.InMPLSVPN environment, setgiaddr totheIPaddress
of the interface of a DHCP relay agent connected to a DHCP server, so that the server may communicate directly with the relay
agent. Besides, the information of the client subnet is indicated by a Subnet-Selection option. The option format is shown in the
following figure.

Figure 4- 13 Subnet-Selection
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Server-Identifier-Override: In MPLS VPN environment, request packets from a DHCP client cannot be sent directly to a DHCP
server. A DHCP relay agent use this option to carry the information of the interface connecting the relay agent and the DHCP
server. When the server sends a reply message, this option overrides the Server-Identifier option. In this way, the DHCP client
sends packets toDHCP relayagent, and the DHCP relay agent forwards them tothe DHCP server.The option format is shown in
the following figure.

Figure 4- 14 Server-Identifier-Override



DHCP Relay Check Server-ID

In DHCP environment, multiple DHCP servers are deployed for a network, achieving server backup to ensure uninterrupted network
operation. After this function is enabled, the DHCP request packet sent by a client contains a server-id option specifying a DHCP
server. In alleviating the burden on servers in specific environments, you need to enable this function on a relay agent to send a
packet to a specified DHCP server rather than all DHCP servers.



DHCP Relay suppression

After you configure the ip DHCP Relay suppression command on an interface, DHCP request packets received on the interface will
be filtered, and the other DHCP request packets will be forwarded.
Related Configuration



Enabling DHCP Relay



By default, DHCP Relay is disabled.



You may run the service dhcp command to enable DHCP Relay.



You need to enable DHCP Relay before it works.



Configuring IP Address for DHCP Server



By default, no IP address is configured for a DHCP server.



Youmay run the ip helper-address command to configure an IP address for a DHCP server. The IP address can be configured
globally or on a layer-3 interface. A maximum of 20 IP addresses can be configured for a DHCP server.



When an interface receives a DHCP request packet, the DHCP server configuration on the interface prevails over that configured
globally. If the interface is not configured with DHCP server addresses, the global configuration takes effect.



Enabling DHCP Option 82



By default, DHCP Option 82 is disabled.



You may run the ip dhcp relay information option82 command to enable DHCP Option 82.



Enabling DHCP Relay Check Server-ID



By default, DHCP Relay check server-id is disabled.



You may run the ip dhcp relay check server-id command to enable DHCP Relay check server-id.
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Enabling DHCP Relay Suppression



By default, DHCP Relay suppression is disabled on all interfaces.



You may run the ip dhcp relay suppression command to enable it on an interface.



Enabling the Function of Multiple Gateway IP Addresses



By default, the function of multiple gateway IP addresses is enabled.



You may run the ip dhcp relay multiple-giaddr command to enable the function of multiple gateway IP addresses.



Enabling the Automatic Gateway Address Switching of the DHCP Relay



By default, the automatic gateway address switching of the DHCP relay is disabled.



You can run the ip dhcp smart-relay command to enable the automatic gateway address switching.



Forcing the DHCP Relay to Send the Reply Message



By default, the DHCP Relay is not forced to send the reply message.



You can run the ip dhcp relay force-send-reply-pack command to force the DHCP Relay to send the reply messages.

4.3.3 DHCP Client

Working Principle
A DHCP client broadcasts a DHCP discover packet after entering the Init state. Then it may receive multiple DHCP offer packets. It
choosesone of themand responds tothe correspondingDHCP server.Afterthat, itsends leaserenewal request packetsinthe Renew
and Rebind processes of an aging period to request lease renewal.
Related Configuration



Enabling DHCP Client on Interface



By default, DHCP Client is disabled.



In interface configuration mode, you may run the ip address dhcp command to enable DHCP Client.



You need to enable DHCP Client to enable DHCP service.



The configuration takes effect on a layer-3 interface, for example, an SVI or a routed port.

4.3.4 AM Rule

Working Principle
An AM rule defines the range of IP addresses assigned to DHCP clients in different VLANs and ports. It can be used to quickly identify
theVLAN and port ofa faultyDHCP clientand effectivelyassignaddresses. Afteran AMruleisconfigured, all DHCPclients fromtheset
VLAN and ports may obtain IP addresses. If no AM rule is configured, there are two following cases: If a default AM rule is configured,
the client obtains an IP address from the default range; if no default AM rule is configured, the client cannot obtain an IP address.
Related Configuration



Configuring AM Rule in Global Configuration Mode



In global configuration mode, run the address-manage command to enter AM rule configuration mode.
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Run the match ip default command to configure a default AM rule.



Run the match ip command to configure an AM rule based on VLAN & port or port.

4.4 Configuration



Configuring DHCP Server

Configuration

Description and Command
(Mandatory) It is used to enable DHCP Server to achieve dynamic IP address
assignment.
service dhcp

Enables DHCP Server.

ip dhcp pool

Configures an address pool.

network

Configures the network number and subnet
mask of a DHCP address pool.

(Optional) It is used to configure the properties of an address pool.

Configuring Dynamic IP Address

default-router

Configures a default gateway of a client.

lease

Configures an address lease.

next-server

Configures a TFTP server address

bootfile

Configures a boot file of a client.

domain-name

Configures a domain name of a client.

dns-server

Configures a domain name server.

netbios-name-server

Configures a NetBIOS WINS server.

netbios-node-type

Configures a NetBIOS node type on a client.

lease-threshold

Configures an alarm threshold of an address
pool.

option

Configures a user-defined option.

pool-status

Enables or disables an address pool.

(Optional) It is used to statically assign an IP address to a client.
ip dhcp pool
Configuring Static IP Address

host

Configures an address pool name and enters
address pool configuration mode.
Configures the IP address and subnet mask of a
client host.

hardware-address

Configures a client hardware address.

client-identifier

Configures a unique client identifier.

client-name

Configures a client name.

(Optional) It is used to configure the properties of a DHCP server.

Configuring AM Rule for DHCP Server
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ip dhcp excluded-address

Configures an excluded IP address.

ip dhcp force-send-nak

Configures Compulsory NAK reply by a DHCP
server.

ip dhcp monitor-vrrp-state

Configures VRRP status monitoring.

ip dhcp ping packets

Configures ping times.

ip dhcp ping timeout

Configures a ping timeout.
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Configuration

Description and Command
ip dhcp server arp-detect

ConfiguresaDHCP servertodetect useroffline.

(Optional) It is used to configure the AM rule of a DHCP server.
Configuring Global Properties of DHCP
Server

match ip default

Configures a default AM rule.

match ip ip-address

Configures an AM rule based on the VLAN and
port.



Configuring DHCP Relay

Configuration

Description and Command
(Mandatory) It is used to enable DHCP Relay.

Configuring Basic DHCP Relay Functions

service dhcp

Enables DHCP Relay.

ip helper-address

Configures an IP Address of a DHCP Server.

(Optional) It is used to assign IP addresses of different privileges to clients in
combination with the information of a physical port. This function cannot be used
together with the dhcp option dot1x command.
ip dhcp relay information option82

Enables DHCP option82.

(Optional) It is used to configure user-defined Option 82 information.

Configuring DHCP Relay Option 82

ip dhcp relay information option82
user-defined {circuit-id | remote-id}
text
ip dhcp relay information option82
user-defined mac-format type

Configures option 82 user-definition function
for a port.
Configures the MAC address format.

(Optional) It is used to enable a DHCP Relay agent to send DHCP request packets
ConfiguringDHCPRelayCheckServer-ID

only to a specified server.
ip dhcp relay check server-id

Configuring DHCP Relay Suppression

Function

request packets only to a specified server

(Optional) It is used to shield DHCP request packets on an interface.
ip dhcp relay suppression

Configuring the Multi-giaddr IP Address

Enables a DHCP Relay agent to send DHCP

Enables DHCP Relay Suppression.

(Optional) It is used to enable the multi-gateway rela.
ip dhcp relay multiple-giaddr

Configuresthe multi-giaddr IP addressfunction.

(Optional) It is used to enable the automatic gateway address switching.
Configuring the Automatic Gateway IP
Address Switching Function

ip dhcp smart-relay

Configures the automatic gateway address
switching.

(Optional) It is used to force the DHCP Relay to send the reply message.
Forcing theDHCP Relay to Send the Reply
Message
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Forces the DHCP Relay to send the reply
message.
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Configuring DHCP Client

Configuration

Description and Command
(Mandatory) It is used to enable DHCP Client.
Enables

Configuring DHCP Client
ip address dhcp

an

Ethernet

interface,

a

PPP/HDLC-encapsulated or FR-encapsulated
interfaceto obtain IPaddresses through DHCP.

4.4.1 Configuring Dynamic IP Address

Configuration Effect
Provide all DHCP clients with DHCP service including assigning IP addresses and gateways.
Notes
A DHCP server and a DHCP relay share the service dhcp command, but a device cannot function as a DHCP server and relay at the
same time. When a device is configured with a valid address pool, it acts as a server and forwards packets. Otherwise, it serves as a
relay agent.
Configuration Steps



Enabling DHCP Server



Mandatory. It achieves dynamic IP address assignment.



Run the service dhcp command in global configuration mode.



Configuring AddressPool



Mandatory. It is used to create an IP address pool.



Run the ip dhcp pool command in global configuration mode.



Configuring Network Number and Subnet Mask of DHCP Address Pool



Mandatory. It defines a range of dynamically assigned addresses.



Run the network command in DHCP address pool configuration mode.



Configuring Default Gateway of Client



Optional. It is used to configure a gateway address.



Run the default-router command in DHCP address pool configuration mode.



Configuring AddressLease



Optional. It is used to configure an IP address lease, which is 24h by default.



Run the lease command in DHCP address pool configuration mode.



Configuring TFTP Server Address



Optional. It is used to configure a TFTP server address.



Run the next-server command in DHCP address pool configuration mode.
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Configuring Domain Name of Client



Optional. It is used to configure the domain name of a client.



Run the domain-name command in DHCP address pool configuration mode.



Configuring DNS



Optional. It is used to configure a DNS address.



Run the dns command in DHCP address pool configuration mode.



Configuring NetBIOS WINS Server



Optional. It is used to configure a NetBIOS WINS server address.



Run the netbios-name-server command in DHCP address pool configuration mode.



Configuring NetBIOS Node Type on Client



Optional. It is used to configure a NetBIOS node type.



Run the netbios-name-type command in DHCP address pool configuration mode.



Configuring Alarm Threshold of Address Pool



Optional. It is used to manage the number of leases. When a threshold (90% by default) is reached, an alarm will be printed.



Run the lease-threshold command in DHCP address pool configuration mode.



Configuring User-Defined Option



Optional. It is used to configure user-defined options.



Run the option command in DHCP address pool configuration mode.



Enabling or Disabling Address Pool



Optional. It is used to enable or disable an address pool. It is enabled by default.



Run the pool-status command in DHCP address pool configuration mode.

Verification
Connect a DHCP client and a DHCP server.



Check whether the client obtains configurations on the server.

Related Commands



Enabling DHCP Server

Command

service dhcp

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Enable DHCP Server and DHCP Relay. A DHCP server and a DHCP relay share the service dhcp command. When a
deviceisconfigured witha validaddress pool, it acts as a server and forwards packets. Otherwise, it serves as a relay

www.fs.com

616

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

agent.



Configuring AddressPool

Command

ip dhcp pool dhcp-pool

Parameter

pool-name: Indicates the name of an address pool.

Description
Command

Global configuration mode

Mode
Usage Guide

Beforeassigning an IP addresstoa client, you need toconfigure an addresspool name and enter DHCP address pool
configuration mode.



Configuring Network Number and Subnet Mask of DHCP Address Pool

Command

network network-number mask [low-ip-address high-ip-address]

Parameter

network-number: Indicates the network number of an IP address pool.

Description

mask: Indicates the subnet mask of an IP address pool. If no subnet mask is defined, the natural subnet mask is
applied.

Command

DHCP address pool configuration mode

Mode
Usage Guide

Toconfigure dynamic address assignment, you need to configure a network number and subnet mask of an address
pool to provide a DHCP server with a range of addresses. The IP addresses in a pool are assigned in order. If an
address is assigned or exists in the target network segment, the next address will be checked until a valid address is
assigned.
FS wireless products provide available network segments by specifying start and end addresses. The configuration is
optional. If the start and end address are not specified, all IP addresses in the network segment are assignable.
For FS products, addresses are assigned based on the client’s physical address and ID. Therefore, one client will not be
assignedtwoleases fromone addresspool.In caseof topological redundancybetween aclient and aserver, address
assignment may fail.
To avoid such failures, a network administrator needs to prevent path redundancy in network construction, for
example, by adjusting physical links or network paths.



Configuring Default Gateway of Client

Command

default-router address [address2…address8]

Parameter

address: Indicates the IP address of a default gateway. Configure at least one IP address.

Description

ip-address2…ip-address8: (Optional) A maximum of 8 gateways can be configured.

Command

DHCP address pool configuration mode

Mode
Usage Guide

Configure a default gateway of a client, and a server will push the gateway configuration to the client. The IP
addresses of the default gateway and the client should be in a same network.



Configuring AddressLease

Command

lease {days [hours] [ minutes] | infinite}

Parameter

days: Defines a lease in the unit of day.

Description

hours: (Optional) Defines a lease in the unit of hour. Please define days before hours.
minutes: (Optional) Defines a lease in the unit of minute. Please define days and hours before minutes.
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infinite: Defines an unlimited lease.
Command

DHCP address pool configuration mode

Mode
Usage Guide

The default leaseof an IPaddressassignedby aDHCP serveris1 day.Whena leaseisexpiringsoon, aclient needsto
request a lease renewal. Otherwise the IP address cannot be used after the lease is expired.



Configures Boot File on Client

Command

bootfile filename

Parameter

file-name: Defines a boot file name.

Description
Command

DHCP address pool configuration mode

Mode
Usage Guide

A boot file is a bootable image file used when a client starts up. The file is usually an OS downloaded by a DHCP
client.



Configuring Domain Name of Client

Command

domain-name domain

Parameter

domain-name: Defines a domain name of a DHCP client.

Description
Command

DHCP address pool configuration mode

Mode
Usage Guide

You may define a domain name for a client. When the client accesses network through the host name, the domain
name will be added automatically to complete the host name.



Configuring DNS

Command

dns-server { ip-address [ ip-address2…ip-address8 ]

Parameter

ip-address: Defines an IP address of a DNS server. Configure at least one IP address.

Description

ip-address2…ip-address8: (Optional) A maximum of 8 DNS servers can be configured.

Command

DHCP address pool configuration mode

Mode
Usage Guide

If a client accesses network resources through the domain name, you need to configure a DNS server to resolve the
domain name.



Configuring NetBIOS WINS Server

Command

netbios-name-server address [address2…address8]

Parameter

address: Defines an IP address of a WINS server. Configure at least one IP address.

Description

ip-address2…ip-address8: (Optional) A maximum of 8 WINS servers can be configured.

Command

DHCP address pool configuration mode

Mode
Usage Guide

WINS is a domain name service through which a Microsoft TCP/IP network resolves a NetNBIOS name to an IP
address. A WINS server is a Windows NT server. When a WINS server starts, it receives a registration request from a
WINS client. When the client shuts down, it sends a name release message, so that the computers in the WINS
database and on the network are consistent.
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Configuring NetBIOS Node Type on Client

Command

netbios-node-type type

Parameter

type: Defines a NetBIOS node type with one of the following approaches.

Description

1. A hexadecimal number, ranging from 0 to FF. Only followings values are available.



b-node



p-node



m-node



8 for h-node

2. A character string.

Command



b-node for a broadcast node;



p-node for a peer-to-peer node;



m-node for a mixednode;



h-node for a hybrid mode.

DHCP address pool configuration mode

Mode
Usage Guide

There are four types of NetBIOS nodes of a Microsoft DHCP client. 1) A broadcast node. For such a node, NetBIOS
name resolution is requested through broadcast.2) A peer-to-peer node. The client sends a resolution request to the
WINS server. 3) A mixed node. The client broadcasts a resolution request and sends the resolution request to the
WINS server.. 4) A hybrid node. The client sends a resolution request to the WINS server. If no reply is received, the
client will broadcast the resolution request. By default, a Microsoft operating system is a broadcast or hybrid node. If
no WINS server is configured, it is a broadcast node. Otherwise, it is a hybrid node.



Configuring User-Defined Option

Command

option code { ascii string | hex string | ip ip-address }

Parameter

code: Defines a DHCP option code.

Description

ascii string: Defines an ASCII character string.
hex string: Defines a hexadecimal character string.
ip ip-address: Defines an IP address.

Command

DHCP address pool configuration mode

Mode
Usage Guide

The DHCP allows transmitting configuration information to a host via a TCP/IP network. DHCP packets contain the
option field of definable content. A DHCP client should be able to receive a DHCP packet carrying at least 312 bytes
option. Besides, the fixed data field in a DHCP packet is also called an option.
In a WLAN, a DHCP client on an AP dynamically requests the IP address of an AC. You may configure on a DHCP server
the option command specifying the AC address.



Enabling or Disabling Address Pool

Command

pool-status {enable | disable}

Parameter

enable: Enables an address pool.

Description

disable: Disable an address pool.
It is enabled by default.

Command

DHCP address pool configuration mode

Mode
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Usage Guide

A FS wireless product provides a command for you to enable/disable a DHCP address pool.

Configuration Example



Configuring AddressPool

Configuration



Define an address pool net172.

Steps



The network segment is 172.16.1.0/24.



The default gateway is 172.16.1.254.



The address lease is 1 day.



xcluded addresses range from 172.16.1.2 to 172.16.1.100.

FS(config)# ip dhcp excluded-address 172.16.1.2 172.16.1.100
FS(dhcp-config)# ip dhcp pool net172
FS(dhcp-config)# network 172.16.1.0 255.255.255.0
FS(dhcp-config)# default-router 172.16.1.254
FS(dhcp-config)# lease 1

Verification

Run the show run command to display the configuration.
FS(config)#show run | begin ip dhcp
ip dhcp excluded-address 172.16.1.2 172.16.1.100
ip dhcp pool net172
network 172.16.1.0 255.255.255.0
default-router 172.16.1.254lease 1

4.4.2 Configuring Static IP Address

Configuration Effect
Assign specific IP addresses and push configuration to specific DHCP clients.
Notes
N/A
Configuration Steps



Configuring Address Pool Name and Entering Address Pool Configuration Mode



Mandatory. It is used to create an IP address pool.



Run the ip dhcp pool command in global configuration mode.



Configuring IP Address and Subnet Mask of Client



Mandatory. It is used to configure a static IP address and a subnet mask.



Run the host command in DHCP address pool configuration mode.
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Configuring Hardware Address of Client



Optional. It is used to configure a MAC address.



Run the hardware command in DHCP address pool configuration mode.



Configures Unique Client Identifier



Optional. It is used to configure a static user identifier (UID).



Run the client-identifier command in DHCP address pool configuration mode.



Configuring Client Name



Optional. It is used to configure a static client name.



Run the host-name command in DHCP address pool configuration mode.

Verification
Check whether the client obtains the IP address when it is online.
Related Commands



Configuring AddressPool

Command

ip dhcp pool dhcp-pool

Parameter

pool-name: Indicates the name of an address pool.

Description
Command

Global configuration mode

Mode
Usage Guide

Before assigning an IP address to a client, you need to configure an address pool name and enter address pool
configuration mode.



Manual IP Address Binding

Command

host ip-address [ netmask ]
client-identifier unique-identifier
client-name name

Parameter

ip-address: Defines the IP address of a DHCP client.

Description

netmask: Defines the subnet mask of a DHCP client.
unique-identifier: Defines the hardware address (for example, aabb.bbbb.bb88) and identifier (for example,
01aa.bbbb.bbbb.88) of a DHCP client.
name: (Optional) It defines a client name using ASCII characters. The name excludes a domain name. For example,
name a host mary rather than mary.FS.com.

Command

DHCP address pool configuration mode

Mode
Usage Guide

Address binding means mapping between an IP address and a client's MAC address. There are two kind of address
binding.1) Manual binding. Manual binding canbe deemed as a specialDHCP addresspool with only one address. 2)
Dynamic binding. A DHCP server dynamically assigns an IP address from a pool to a client when it receives a DHCP
request, creating mapping between the IP address and the client's MAC address.
To configure manual binding, you need to define a host pool and then specify a DHCP client's IP address and
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hardware address or identifier. A hardware address is a MAC address. A client identifier includes a network medium
type and a MAC address. A Microsoft client is usually identified by a client identifier rather than a MAC address. For
the codes of medium types, refer to the Address Resolution Protocol Parameters section in the RFC 1700. The Ethernet
type is 01.
Configuration Example



Dynamic IP Address Pool

Configuration



Configure address pool VLAN 1 with IP address 20.1.1.0 and subnet mask 255.255.255.0.

Steps



The default gateway is 20.1.1.1.



The lease time is 1 day.

FS(config)# ip dhcp pool vlan1
FS(dhcp-config)# network 20.1.1.0 255.255.255.0
FS(dhcp-config)# default-router 20.1.1.1
FS(dhcp-config)# lease 1 0 0
Verification

Runtheshowruncommand todisplaytheconfiguration.
FS(config)#showrun|beginipdhcp
ip dhcp pool vlan1
network 20.1.1.0 255.255.255.0
default-router 20.1.1.1
lease 1 0 0



Manual Binding

Configuration



The host address is 172.16.1.101 and the subnet mask is 255.255.255.0.

Steps



The host name is Billy.FS.com.



The defaultgateway is 172.16.1.254.



The MAC address is 00d0.df34.32a3.

FS(config)# ip dhcp pool Billy
FS(dhcp-config)# host 172.16.1.101 255.255.255.0
FS(dhcp-config)# client-name Billy
FS(dhcp-config)# hardware-address 00d0.df34.32a3 Ethernet
FS(dhcp-config)# default-router 172.16.1.254

Verification

Run the show run command to display the configuration.
FS(config)#show run | begin ip dhcp
ip dhcp pool Billy
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host 172.16.1.101 255.255.255.0
client-name Billy
hardware-address 00d0.df34.32a3 Ethernet
default-router 172.16.1.254

4.4.3 Configuring AM Rule for DHCP Server

Configuration Effect
Assign IP addresses according to an AM rule based on a port and a VLAN.
Notes
FS products support AM rule configuration on Ethernet, GB, FR, PPP and HDLC interfaces.
Configuration Steps



Configuring AddressManagement



Mandatory. Enter address management mode.



Run the address-manage command in address management configuration mode.



Configuring AM Rule



Mandatory. Configure an AM rule based on a port and a VLAN.



Run the match ip command in address management configuration mode.

Verification
Check whether clients in different VLANs and ports obtain the valid IP addresses.
Related Commands



Configuring Default Range

Command

match ip default ip-address netmask

Parameter

ip-address: Defines an IP address.

Description

netmask:Defines a subnetmask.

Command

Address management mode

Mode
Usage Guide

After configuration, all DHCP clients are assigned IP addresses fromthe default range based on theVLAN and port. If
this command is not configured, IP addresses will be assigned through the regular process.



Assigning Dynamic IP Address Based on VLAN and Port

Command

match ip ip-address netmask interface [add/remove] vlan vlan-list

Parameter

ip-address: Defines an IP address.

Description

netmask:Defines a subnetmask.
interface: Defines an interface name.
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add/remove: Adds or deletes a specific VLAN.
vlan-list: Indicates a VLAN index.
Command

Address management mode

Mode
Usage Guide

After configuration, DHCP clients are assigned IP addresses from the default address range based on the VLAN and
port.



Assigning Static IP Address Based on VLAN

Command

match ip ip-address netmask [add/remove] vlan vlan-list

Parameter

ip-address: Defines an IP address.

Description

netmask: Defines a subnet mask.
add/remove:Adds or deletes a specific VLAN.
vlan-list: Indicates a VLAN index.

Command

Address management mode

Mode
Usage Guide

InaSuperVLAN, aclient may beassigned afixed staticaddressno matter whichSuperVLAN theclient resides in.You
do not need to configure an AM rule for this IP address based on all sub-VLANs and ports, but only configure an AM
rule based on the VLAN. This rule takes effect for only static address assignment.

Configuration Example



Configuring AM Rule

Configuration
Steps





Configure a default rule.
Configure a rule based on a specific VLAN + port + address range.
Configure a rule based on a specific VLAN + address range.

FS(config)# address-manage
FS(config-address-manage)# match ip default 172.50.128.0 255.255.128.0
FS(config-address-manage)# match ip 10.1.5.0 255.255.255.0 Gi5/3 vlan 1005
FS(config-address-manage)# match ip 10.1.6.0 255.255.255.0 vlan 1006

Verification

1: Run the show run command to display the configuration.
address-manage
match ip default 172.50.128.0 255.255.128.0
match ip 10.1.5.0 255.255.255.0 Gi5/3 vlan 1005
match ip 10.1.6.0 255.255.255.0 vlan 1006

4.4.4 Configuring Global Properties of DHCP Server

Configuration Effect
Enable a server with specific functions, for example, ping and compulsory NAK.
Notes
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Configuring the command may cause exceptions on other servers.
Configuration Steps



Configuring Excluded IP Address



Optional. Configure some addresses or address ranges as unavailable.



Run the ip dhcp excluded-address command in global configuration mode.



Configuring Compulsory NAK Reply



Optional. A server replies to a wrong address request with a NAK packet.



Run the ip dhcp force-send-nak command in global configuration mode.



Configuring VRRP Status Monitoring



Optional. After configuration, DHCP packets are processed by the Master server.



Run the ip dhcp monitor-vrrp-state command in global configuration mode.



Configuring PingTimes



Optional. Check the address reachability with the ping command. The default is 2.



Run the ip dhcp ping packet command in global configuration mode.



Configuring PingTimeout



Optional. Check the address reachability with the ping command. The default is 500 ms.



Run the ip dhcp ping timeout command in global configuration mode.



Detecting User Offline Detection



Configure a DHCP server to detect whether the client is offline or not. If a client does not get online after being offline for a
period, the address assigned to the client will be retrieved.



Run the ip dhcp server arp-detect command in global configuration mode.

Verification
Run the dhcp-server command, and check the configuration during address assignment.
Related Commands



Configuring Excluded IP Address

Command

ip dhcp excluded-address low-ip-address [ high-ip-address ]

Parameter

low-ip-address: Indicates a start IP address.

Description

high-ip-address: Indicates an end IP address.

Command

Global configuration mode

Mode
Usage Guide

Unless otherwise specified, a DHCP server assigns all the addresses from an IP address pool to DHCP clients. To
reserve some addresses(e.g., addresses already assigned to the server or devices), you need to configure these
addresses as excluded addresses. To configure a DHCP server, it is recommended to configure excluded addresses to
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avoid address conflict and shorten detection time during address assignment.



Configuring Compulsory NAK Reply

Command

ip dhcp force-send-nak

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

In a WLAN, a DHCP client often moves from one network to another. When a DHCP server receives a lease renewal
request from a client but finds that the client crosses the network segment or that the lease is expired, it replies with
a NAK packet to require the client to obtain an IP address again. This prevents the client from sending request
packets continually before obtaining an IP address again after timeout.
Theserver sendsaNAKpacket onlywhen itfindsthe client'sleaserecord.Whena DHCPclient crosses thenetwork,a
DHCP server cannot find lease record of the client and will not reply with a NAK packet. The client sends request
packets continually before obtaining an IP address again after timeout. Consequently, it takes a long to obtain an IP
address. This also occurs when a DHCP server loses a lease after restart and a client requests lease renewal. In this
case, you may configure a command to force the DHCP server to reply with a NAK packet even though it cannot find
the lease record so that the client may obtain an IP address rapidly. Please note that the command is disabled by
default. To enable it, only one DHCP server can be configured in a broadcast domain.



Configuring Ping Times

Command

ip dhcp ping packets [ number ]

Parameter

number: (Optional) Ranges from 0 to 10. 0 indicates the ping function is disabled. The default is two pings.

Description
Command

Global configuration mode

Mode
Usage Guide

By default, when a DHCP server assigns an IP address from a pool, it runs the Ping command twice (one packet per
time). If there is no reply, the server takes the address as idle and assigns it to a client. If there is a reply, the server
takes the address as occupied and assigns another address.



Configuring Ping Timeout

Command

ip dhcp ping timeout milliseconds

Parameter

milli-seconds: Indicates the time that it takes for a DHCP server to wait for a ping reply. The value ranges from 100 ms

Description

to 10,000 ms.

Command

Global configuration mode

Mode
Usage Guide

By default, if a DHCP server receives no Ping reply within 500 ms, the IP address is available. Youmay adjust the ping
timeout to change the time for a server to wait for a reply.

Configuration Example



Configuring Ping

Configuration



Set ping times to 5.

Steps



Set ping timeout to 800 ms.
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FS(config)# ip dhcp ping packet 5
FS(config)# ip dhcp ping timeout 800

Verification

Run the show run command to display the configuration.
FS(config)#showrun|beginipdhcp
ip dhcp ping packet 5
ip dhcp ping timeout 800



Configuring Excluded IP Address

Configuration



Configure the excluded IP address from 192.168.0.0 to 192.168.255.255.

Steps
FS(config)# ip dhcp excluded-address 192.168.0.0 192.168.255.255

Verification

Run the show run command to display the configuration.
FS(config)#show run | begin ip dhcp
ip dhcp excluded-address 192.168.0.0 192.168.255.255

4.4.5 Configuring Basic DHCP Relay Functions

Configuration Effect



Deploy dynamic IPmanagement in Client–Relay–Server mode to achieve communication between a DHCP client and a DHCP
server, which are in different network segments.

Notes



To enable DHCP Relay, you need to configure IPv4 unicast routing in a network.

Configuration Steps



Enabling DHCP Relay



Mandatory.



Unless otherwise specified, you need to enable DHCP Relay on a device.



Configuring IP Address for DHCP Server



Mandatory.



You need to configure an IP address for a DHCP server.



Disabling DHCP Relay on Interface



Optional.



DHCP relay is enabled on the interface by default. Run the ip dhcp relay disable command to disable DHCP relay on the
interface
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Verification



Check whether a client obtains an IP address through DHCP Relay.

Related Commands



Enabling DHCP Relay

Command

service dhcp

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring IP Address for DHCP Server

Command

ip helper-address { cycle-mode | [ vrf { vrf-name }] A.B.C.D }

Parameter

cycle-mode: Indicates that DHCP request packets are forwarded to all DHCP servers.

Description

vrf-name: Indicates a VPN Routing & Forwarding (VRF) name.
A.B.C.D: Indicates the IP address of a server.

Command

Global configuration mode/interface configuration mode

Mode
Usage Guide

Youmay configure the functionon a layer-3 interface, suchas a routed port, a L3AP port, SVI and loopback interface.
The configured interface must be accessible via IPv4 unicast routing.



Disabling DHCP Relay on Interface

Command

ip dhcp relay disable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The function should be configured on a layer-3 interface. DHCP Relay function will be disabled on the interface.

Configuration Example



Configuring DHCP Relay in Wired Connection

Scenario
Figure 4- 15

Configuration



Enable a client with DHCP to obtain an IP address.

Steps



Enable the DHCP Relay function on a DHCP relay agent.



Configure DHCP Server.

A

Enable a client with DHCP to obtain an IP address.

B

Enable DHCP Relay.
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FS(config)# service dhcp
Configure a global IP address of a DHCP server.
FS(config)# ip helper-address 172.2.2.1
Configurean IP address for the port connected to the client.
FS(config)# interface gigabitEthernet 0/1
FS(config-if)# ip address 192.1.1.1 255.255.255.0
ConfigureanIPaddressfortheport connectedtotheserver.
FS(config)# interface gigabitEthernet 0/2
FS(config-if-gigabitEthernet 0/2)# ip address 172.2.2.2 255.255.255.0
C

Enable DHCP Server.
FS(config)# service dhcp
Configure an address pool.
FS(config)# ip dhcp pool relay
FS (dhcp-config)#network 192.1.1.0 255.255.255.0
FS (dhcp-config)#default-router 192.1.1.1
Configurean IPaddressforthe port connected to therelayagent.
FS(config)# interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/2)# ip address 172.2.2.1 255.255.255.0

Verification

Check whether the client obtains an IP address.



Check whether the client obtains an IP address.



Check the DHCP Relay configuration.

A

The user device obtains an IP address.

B

After login to the DHCP relay agent, run the show running-config command in privileged EXEC mode to display
DHCP Relay configuration.
FS# show running-config
service dhcp
ip helper-address 172.2.2.1
!
interface GigabitEthernet 0/1
ip address 192.1.1.1 255.255.255.0
!
interface GigabitEthernet 0/2
ip address 172.2.2.2 255.255.255.0
!
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Common Errors



IPv4 unicast routing configuration is incorrect.



DHCP Relay isdisabled.



No routing between DHCP relay agent and DHCP server is configured.



No IP address is configured for the DHCP server.

4.4.6 Configuring DHCP Relay Option 82

Configuration Effect



ThroughaDHCPrelayagent,aservermayassignIPaddressesof differentprivileges totheclientsmoreaccuratelybasedonthe
option information.

Notes



You need to enable the DHCP Relay function.

Configuration Steps



Enabling Basic DHCP Relay Functions



Mandatory.



Unless otherwise specified, you need to enable DHCP Relay on a device.



Enables DHCP Option82



By default, DHCP Option 82 is disabled.



You may run the ip dhcp relay information option82 command to enable or disable DHCP Option 82.



Configuring the DHCP Option 82 User-definition Function for a Port



Run the ip dhcp relay information option82 user-defined {circuit-id | remote-id} text command to configure the DHCP
Option 82 user-definition function.



Optional. The configuration takes effect in global configuration mode.



Configuring the Format of the MAC Address in DHCP Option 82 for a Port



Run the ip dhcp relay information option82 user-defined user-defined mac-format type command to configure the format
of the MAC address in DHCP Option 82.



Optional. The configuration takes effect in global configuration mode.



Enabling DHCP Option 82 on Interface



Optional. The configuration takes effect in interface configuration mode.



Run the ip dhcp relay-information enable command to enable DHCP Option 82 on the interface.



Defining Circuit-ID of DHCP Option 82 on Layer-3 Interface



Optional. The configuration takes effect in interface configuration mode.
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Run the ip dhcp relay-information layer3 circuit-id format {hex | ascii} string command to define the circuit-ID of DHCP
Option 82 on the layer-3 interface.



Defining Remote-ID of DHCP Option 82 on Layer-3 Interface



Optional. The configuration takes effect in interface configuration mode.



Run the ip dhcp relay-information layer3 remote-id format {hex | ascii} string command to define the remote-ID of DHCP
Option 82 on the layer-3 interface.

Verification



Check whether the client obtains an IP address based on Option 82.

Related Commands



Enabling DHCP Option 82

Command

ip dhcp relay information option82

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the DHCP Option 82 User-definition Function for a Port

Command

ip dhcp relay information option82 user-defined {circuit-id | remote-id} text

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Format of the MAC Address in DHCP Option 82 for a Port

Command

ip dhcp relay information option82 user-defined mac-format type

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Enabling DHCP Option 82

Configuration



Enable DHCP Option 82.

Steps
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FS(config)# ip dhcp relay information option82
FS(config)# ip dhcp relay information option82 user-defined circuit“%hostname-portname”
FS(config)# ip dhcp relay infotmation option82 user-defined remote-id “%sysmac:%svlan”
FS(config)# ip dhcp relay infotmation option82 user-defined mac-format 1

Verification

After login to the DHCP relay agent, run the show running-config command in privileged EXEC mode to display
DHCP Relay configuration.
FS#show ru | incl ip dhcp relay
ip dhcp relay information option82
ipdhcprelayinformationoption82user-definedcircuit“%hostname-portname”
ipdhcprelayinfotmationoption82 user-definedremote-id“%sysmac:%svlan”
ip dhcp relay infotmation option82 user-defined mac-format 1

Common Errors



Basic DHCP Relay functions are not configured.

4.4.7 ConfiguringDHCP RelayCheck Server-ID

Configuration Effect



After you configure the ip dhcp relay check server-id, a DHCP Relay agent will forward DHCP request packets only to the
server specified by the option server-id command. Otherwise, they are forwarded to all DHCP servers.

Notes



You need to enable basic DHCP Relay functions.

Configuration Steps



Enabling DHCP Relay Check Server-ID



By default, DHCP Relay check server-id is disabled.



You may run the ip dhcp relay check server-id command to enable DHCP Relay check server-id.

Verification
Check whether a DHCP Relay agent sends DHCP request packets only to the server specified by the option server-id command.
Related Commands



Configuring DHCP Relay Check Server-ID

Command

ip dhcp relay check server-id

Parameter

N/A

Description
Command

Global configuration mode

Mode

www.fs.com

632

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Usage Guide

N/A

Configuration Example



Configuring DHCP Relay Check Server-ID

Configuration



Enable DHCP Relay.Omitted.

Steps



Enable DHCP Relay check server-id on an interface.

FS# configure terminal
FS(config)# ip dhcp relay check server-id

Verification

After login to the DHCP relay agent, run the show running-config command in privileged EXEC mode to display
DHCP Relay configuration.
FS# show running-config | include check server-id
ip dhcp relay check server-id
FS#

Common Errors



Basic DHCP Relay functions are not configured.

4.4.8 Configuring DHCP Relay Suppression

Configuration Effect



After you configure the ip DHCP Relay suppression command on an interface, DHCP request packets received on the interface
will be filtered, and the other DHCP requests will be forwarded.

Notes



You need to enable basic DHCP Relay functions.

Configuration Steps



Enabling DHCP Relay Suppression

By default, DHCP Relay suppression is disabled on all interfaces.
You may run the ip dhcp relay suppression command to enable DHCP Relay suppression.
Verification



Check whether the DHCP request packets received on the interface are filtered.

Related Commands



Configuring DHCP Relay Suppression

Command

ip dhcp relay suppression

Parameter

N/A

Description

www.fs.com

633

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring DHCP Relay Suppression

Configuration
Steps



Configure basic DHCP Relay functions.



Configure DHCP Relay suppression on an interface.

FS# configure terminal
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ip dhcp relay suppression
FS(config-if-GigabitEthernet 0/1)#end
FS#

Verification

After login to the DHCP relay agent, run the show running-config command in privileged EXEC mode to display
DHCP Relay configuration.
FS# show running-config | include relay suppression
ip dhcp relay suppression
FS#

Common Errors
Basic DHCP Relay functions are not configured.
4.4.9 Configuring Multiple Gateway IP Addresses on DHCP Relay

Configuration Effect
Enable the function of multiple gateway IP addresses by running the ip dhcp relay multiple-giaddr command.
Notes
Basic DHCP Relay functions should be configured.
Configuration Steps
By default, this function is disabled.
Run the ip dhcp relay multiple-giaddr command to enable this function.
Verification
When more than one IP address is configured on a specified interface, check whether the DHCP request packet forwarded to the
DHCP server contains different IP addresses.
Related Commands
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Configuring Multiple Gateway IP Addresses

Command

ip dhcp relay multiple-giaddr

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring Multiple Gateway IP Addresses

Configuration



1: Configure basic DHCP Relay functions.

Steps



2: Configure the function of multiple gateway IP addresses.

FS# configure terminal
FS(config)# ip dhcp relay multiple-giaddr

Verification



1: Log in the DHCP Relay Agent; and then in Privileged EXEC mode, run the show running-config command to
display the DHCP Relay configuration.

FS# show running-config
ip dhcp relay multiple-giaddr
Common Errors
Basic DHCP Relay functions are not configured.
4.4.10 Configuring the Automatic Gateway Address Switching of the DHCP Relay

Configuration Effect



Configure the ip dhcp smart-relay command to enable the automatic gateway address switching function.

Notes



Basic functions of the DHCP relay must be configured.

Configuration Steps



Enabling the Automatic Gateway Address Switching Function of the DHCP Relay

The function is disabled by default.
Run the ip dhcp smart-relay command to enable the function.
Verification



Configure multiple IP addresses on an interface. If the DHCP relay fails to receive a response after forwarding three Discover
packets, the DHCP relay switches the gateway address.

Related Commands
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Configuring the Automatic Gateway Address Switching Function of the DHCP Relay

Command

ip dhcp smart-relay

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the Automatic Gateway Address Switching Function of the DHCP Relay

Configuration
Steps



Configure basic functions of the DHCP relay. Omitted.



Configure the automatic gateway address switching function of the DHCP relay.

FS#configure terminal
FS(config)# ip dhcp smart-relay

Verification

Log in to the DHCP relay agent. In privileged EXEC mode, run the show running-config command to display the DHCP
relay configuration.
FS# show running-config
ip dhcp smart-relay

Common Errors
Basic functions of the DHCP relay are not configured or the configuration fails.
4.4.11 Forcing the DHCP Relay to Send the Reply Message

Configuration Effect
Run the ip dhcp relay force-send-reply-pack command to force the DHCP Relay to send the reply message.
Notes



Basic DHCP Relay functions should be enabled.

Configuration Steps



Forcing the DHCP Relay to Send the Reply Message



By default, the DHCP Relay is not forced to send the reply message.



Run the ip dhcp relay force-send-reply-pack command to enable this functionality.

Verification
The DHCP Relay doesnot receivethe Discover message but receives the Offer message, and the Offermessage can be forwarded to
the gateway interface.
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Related Commands



Forcing the DHCP Relay to Send the Reply Message

Command

ip dhcp relay force-send-reply-pack

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Forcing the DHCP Relay to Send the Reply Message

Configuration

1: Enable basic DHCP Relay functions.

Steps

2: Forcing the DHCP Relay to send the reply message.
FS# configure terminal
FS(config)# ip dhcp relay force-send-reply-pack

Verification

1: Login the DHCP Relay Agent.
2: Enter the Privileged EXEC mode.
3: Run the show running-config command to display DHCP Relay configurations.

Common Errors
Basic DHCP Relay functions are not configured.
4.4.12 Configuring the Source IP Address of DHCP Relay Packets

Configuration Effect
Run the ip dhcp relay source command on an interface to configure the source IP address of DHCP Relay packets.
Notes



Basic DHCP Relay functions should be enabled.



Only one source IP address of DHCP Relay packets can be configured on one interface.



To assign correct subnet addresses to users, this function should be used with Option 82.

Configuration Steps



Configuring the Source IP Address of DHCP Relay Packets



By default, no source IP address of DHCP Relay packets is configured.



Run the ip dhcp relay source ip-address command on an interface to configure the source IP address of DHCP Relay packets.

Verification
After this function is enabled, the source IP address of Relay packets sent to the DHCP server is the configured address.
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Related Commands



Configuring the Source IP Address of DHCP Relay Packets

Command

ip dhcp relay source ip-address

Parameter

ip-address: Specifies the source IP address of DHCP Relay packets.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the Source IP Address of DHCP Relay Packets

Configuration

1: Enable basic DHCP Relay functions.

Steps

2: Configure the source IP address of DHCP Relay packets.
FS(config-if)# ip dhcp relay source 1.1.1.1

Verification

1: Login the DHCP Relay Agent.
2: Enter the Privileged EXEC mode.
3: Run the show running-config command to display DHCP Relay configurations.

Common Errors
Basic DHCP Relay functions are not configured.
4.4.13 Configuring DHCP Client

Configuration Effect
Enable DHCP Client on a device so that it obtains IP addresses and configurations dynamically.
Notes
FS products support DHCP Client configuration on Ethernet, FR, PPP and HDLC interfaces.
Configuration Steps
Run the ip address dhcp command on an interface.
Verification
Check whether the interface obtains an IP address.
Related Commands



Configuring DHCP Client

Command

ip address dhcp

Parameter

N/A

Description
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Command

Interface configuration mode

Mode
Usage Guide



FS products support dynamic IP address obtainment by an Ethernet interface.



FS products support dynamic IP address obtainment by a PPP-encapsulated interface.



FS products support dynamic IP address obtainment by an FR-encapsulated interface.



FS products support dynamic IP address obtainment by an HDLC-encapsulated interface.

Configuration Example



Configuring DHCP Client

Configuration

1: Enable port FastEthernet 0/0 with DHCP to obtain an IP address.

Steps
FS(config)# interface FastEthernet0/0
FS(config-if-FastEthernet 0/0)#ip address dhcp

Verification

1: Run the show run command to display the configuration.
FS(config)#show run | begin ip address dhcp
ip address dhcp

4.4.14 Configuring DHCP Relay LinkSelection

Configuration Effect
Run the ip dhcp relay link-selection command on an interface to cofigure an IP address for Link Selection in Relay packets.
Notes



Basic DHCP Relay functions should be enabled.



Only one source IP address can be specfied for Relay packets.



Before enabling this feature, you need to enable DHCP Option 82 and configure the source IP address of DHCP Relay packets
first.

Configuration Steps



Configuring DHCP Relay Link Selection



By default, the primary IP address of the interface is used for DHCP Link Selection.



Run the ip dhcp relay link-selection ip-address command to specify an IP address for Link Selection in Relay packets.

Verification
Configure an IP address for Link Selection after enabling DHCP Option 82 and configuring the source IP address of DHCP Relay
packets. The Link Selection address in the Relay packets sent to the DHCP server is the confgired IP address.
Related Commands



Configuring DHCP Relay Link Selection

www.fs.com

639

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

ip dhcp relay link-selection ip-address

Parameter

ip-address: Specifies an IP address for Link Selection in Relay packets.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring DHCP Relay Link Selection

Configuration

1: Enable basic DHCP Relay functions.

Steps

2: Configrue an IP address for DHCP Relay Link Selection on an interface.
FS(config-if)# ip dhcp relay link-selection 1.1.1.1

Verification

1: Login the DHCP Relay Agent.
2: Enter the Privileged EXEC mode.
3: Run the show running-config command to display DHCP Relay configurations.

Common Errors



Basic DHCP Relay functions are not configured.



DHCP Option 82 is not enabled.



The source IP address of DHCP Relay packets is not configured.

4.5 Monitoring
Clearing
Running the clear commands may lose vital information and interrupt services.
Description

Command

Clears DHCP address binding.

clear ip dhcp binding { address | *}

Clears DHCP address conflict.

clear ip dhcp conflict { address | *}

Clears statistics of a DHCP server.

clear ip dhcp server statistics

Clears statistics of a DHCP relay.

clear ip dhcp relay statistics

Clears statistics of

DHCP

server clear ip dhcp server rate

performance.
Displaying
Description

Command

Displays DHCP lease.

show dhcp lease

Displays DHCP sockets.

show ip dhcp socket

Displays assigned IP addresses.

show ip dhcp binding

Displays created address pools.

show ip dhcp pool

Displays statistics of DHCP Server.

show ip dhcp server statistic
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Displays statistics of DHCP Relay.

show ip dhcp relay statistic

Displays conflicted addresses.

show ip dhcp conflict

Displays DHCP lease history.

show ip dhcp history

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs DHCP agent.

debug ip dhcp server agent

Debugs DHCP hot backup.

debug ip dhcp server ha

Debugs DHCP address pools.

debug ip dhcp server pool

Debugs DHCP VRRP.

debug ip dhcp server vrrp

Debugs all DHCP servers.

debug ip dhcp server all

Debugs DHCP packets.

debug ip dhcp client

Debugs DHCP Relay events.

debug ip dhcp relay

5 Configuring DHCPv6
5.1 Overview
The Dynamic Host Configuration Protocol for IPv6 (DHCPv6) is a protocol that allows a DHCP server to transfer configurations (such as
IPv6 addresses) to IPv6 nodes.
As compared with other IPv6 address allocation methods, such as manual configuration and stateless automatic address
configuration, DHCPv6 provides the address allocation, prefix delegation, and configuration parameter allocation.



DHCPv6isastatefulprotocolforautomaticallyconfiguringaddressesandflexiblyaddingand reusingnetworkaddresses,which
can record allocated addresses and enhance network manageability.



By using the prefix delegation of DHCPv6, uplink network devices can allocate address prefixes to downlink network devices,
which implements flexible station-level automatic configuration and flexible control of station address space.



The DHCPv6 configuration parameter allocation solves the problem that parameters cannot be obtained through a stateless
automatic address configuration protocol and allocates DNS server addresses and domain names to hosts.

DHCPv6 is a protocol based on the client/server model. A DHCPv6 client is used to obtain various configurations whereas a DHCPv6
server is used to provide various configurations. If the DHCPv6 client and DHCPv6 server are not on the same network link, they can
interact with each other by using a DHCPv6 relay agent.
The DHCPv6 client usually discovers the DHCPv6 server by reserving multicast addresses within a link; therefore, the DHCPv6 client
and DHCPv6 server must be able to directly communicate with each other, that is, they must be deployed within the same link. This
may cause management inconvenience, economic waste (a DHCPv6 server is deployed for each subnet) and upgrade inconvenience.
The DHCPv6 relay agent function can solve these problems by enabling a DHCPv6 client to send packets to a DHCPv6 server on a
different link. The DHCP relay agent is often deployed within the link where a DHCPv6 client resides and is used to relay interaction
packets between the DHCPv6 client and DHCPv6 server. The DHCP relay agent is transparent to the DHCPv6 client.
Figure 5- 1
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Protocols and Standards



RFC3315: Dynamic Host Configuration Protocol for IPv6



RFC3633: IPv6 Prefix Options for Dynamic Host Configuration Protocol (DHCP) Version 6



RFC3646: DNS Configuration Options for Dynamic Host Configuration Protocol for IPv6 (DHCPv6)



RFC3736: Stateless DHCP Service for IPv6



RFC5417: Control And Provisioning of Wireless Access Points (CAPWAP) Access Controller DHCP Option

5.2 Applications
Application

Description

Requesting/Allocating Addresses

A DHCPv6 client requests addresses from a DHCPv6 server. The DHCPv6 server allocates addresses

and Configuration Parameters

and configuration parameters to the DHCPv6 client.

Requesting/Allocating Prefixes

The DHCPv6 client requests a prefix from the DHCPv6 server. The DHCPv6 server allocates a prefix to
the DHCPv6 client and then the DHCPv6 client configures IPv6 addresses by using this prefix.

Relay Service

The DHCPv6 relay is used to enable communication between the DHCPv6 client and DHCPv6 server
on different links.

5.2.1 Requesting/Allocating Addresses and Configuration Parameters

Scenario
In a subnet, a DHCPv6 client requests addresses from a DHCPv6 server. The DHCPv6 server allocates addresses and configuration
parameters to the DHCPv6 client.
As shown in Figure 5- 2:



The DHCPv6 server is configured with IPv6 addresses, DNS servers, domain names and other configuration parameters to be
allocated.



A host works as a DHCPv6 client to request an IPv6 address from the DHCPv6 server. After receiving the request, the DHCPv6
server selects an available address and allocates the address to the host.



The host can also request a DNS server, domain name and other configuration parameters from the DHCPv6 server.
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Figure 5- 2

Deployment



Run the DHCPv6 client on a host in the subnet to obtain an IPv6 address and other parameters.



Run the DHCPv6 server on a device and configure the IPv6 address and other parameters to allocate the IPv6 address and
parameters.

5.2.2 Requesting/Allocating Prefixes

Scenario
As shown in Figure 5-3, an uplink device (PE) allocates an IPv6 address prefix for a downlink device (CPE). The CPE generates a new
address prefix for the internal subnet based on the obtained prefix. Hosts in the internal subnet of the CPE are configured with
addresses through Router Advertisement (RA) by using the new address prefix.



The PE provides the prefix delegation service as a DHCPv6 server.



The CPE requests an address prefix from the PE as a DHCPv6 client. After obtaining the address prefix, the CPE generates a new
address prefix for the internal subnet and sends an RA message to hosts in the internal subnet.



The hosts in the internal subnet where CPE resides configure their addresses based on the RA message sent by the CPE.

Figure 5-3

Remarks

The Provider Edge (PE) works as a DHCPv6 server for providing prefixes and is also called a delegating router.
The Customer Premises Equipment (CPE) works as a DHCPv6 client for requesting prefixes and is also called a requesting
router.
A, B and C are various hosts.

Deployment



Run the DHCPv6 server on the PE to implement the prefix delegation service.
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Run the DHCPv6 client on the CPE to obtain address prefixes.



Deploy IPv6 ND between the CPE and the hosts to configure the host addresses in the subnet through RA.

5.2.3 Relay Service

Scenario
The DHCPv6 relay agent provides the relay service for the DHCPv6 client ad DHCPv6 server on different links to enable
communication between them.
As shown in Figure 5- 4:



Device 1 is enabled with the DHCPv6 relay agent and destined to 3001::2.



Device2 wants toforwardpackets toother servers through a next-level relayservice. Enable the DHCPv6 relayagent on Device
2, set the destination address to FF02::1:2 (all servers and Relay multicast addresses) and specify the egress interface as the
layer-3 interface gi 0/1.

Figure 5- 4

Deployment



Enable the DHCPv6 relay agent on device 1 and specify the address as 3000::1.



Enable the DHCPv6 relay agent on device 2 and specify the address as FF02::1:2.

5.3 Features
Basic Concept



DUID

The DHCP Unique Identifier (DUID) identifies a DHCPv6 device. As defined in RFC3315, each DHCPv6 device (DHCPv6 client, relay or
server) must have a DUID, which is used for mutual authentication during DHCPv6 message exchange.
RFC3315 defines three types of DUIDs:



DUID Based on Link-Layer address plus Time (DUID-LLT).
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DUID Assigned by Vendor Based on Enterprise Number (DUID-EN).



Link-Layer address (DUID-LL).

FS DHCPv6 devices use DUID-LLs. The structure of a DUID-LL is as follows:

The values of DUID-LL, Hardware type, and Link-layer address are 0x0003, 0x0001 (indicating the Ethernet), and MAC address of a
device respectively.



Identity Association (IA)

A DHCPv6 server allocates IAs to DHCPv6 clients. Each IA is uniquely identified by an identity association identifier (IAID). IAIDs are
generated by DHCPv6 clients. A one-to-one mapping is established between IAs and clients. An IA may contain several addresses,
which can be allocated by the client to other interfaces. An IA may contain one of the following types of addresses:



Non-temporary Addresses (NAs), namely, globally unique addresses.



Temporary Addresses (TAs), which are hardly used.



Prefix Delegation (PD).

Based on the address type, IAs are classified into IA_NA, IA_TA, and IA_PD (three IA-Types). FS DHCPv6 servers support only IA_NA and
IA_PD.



Binding

A DHCPv6 binding is a manageable address information structure. The address binding data on a DHCPv6 server records the IA and
other configurations of every client. A client can request multiple bindings. The address binding data on a server is present in the form
of an address binding table withDUID, IA-Typeand IAIDas the indexes. Abinding containing configurations uses DUID as the index.



DHCPv6 Conflict

When an address allocated by a DHCPv6 client is in conflict, the client sends a Decline packet to notify the DHCPv6 server that the
address is rebound. Then, the server adds the address to the address conflict queue. The server will not allocate the addresses in the
address conflict queue. The server supports viewing and clearing of address information in the address conflict queue.



Packet Type

RFC3315 stipulates that DHCPv6 uses UDP ports 546 and 547 for packet exchange. Specifically, a DHCPv6 client uses port 546 for
receiving packets, while a DHCPv6 server and DHCPv6 relay agent use port 547 for receiving packets. RFC3315 defines the following
types of packets that can be exchanged among the DHCPv6 server, client, and relay agent:



Packets that may be sent by a DHCPv6 client to a DHCPv6 server include Solicit, Request, Confirm, Renew, Rebind, Release,
Decline, and Information-request.



Packets that may be sent by a DHCPv6 server to a DHCPv6 client include Advertise, Reply, and Reconfigure.



Packets that may be sent by a DHCPv6 relay agent to another DHCPv6 relay agent or a DHCPv6 server include Relay-forward.
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Packets that may be sent by a DHCPv6 relay agent to another DHCPv6 relay agent or a DHCPv6 server include Relay-reply.

FS DHCPv6 servers do not support the Reconfigure packet.
FS DHCPv6 clients do not support the Confirm and Reconfigure packets.
Overview
Feature

Description

Requesting/Allocating Addresses

Dynamically obtains/allocates IPv6 addresses in a network in the client/server mode.

Requesting/Allocating Prefixes

Dynamically obtains/allocates IPv6 prefixes in a network in the client/server mode.

Stateless Service

Provides stateless configuration service for hosts in a network.

Relay Service

Provides the DHCPv6 server service for hosts in different networks by using the relay service.

5.3.1 Requesting/Allocating Addresses

A DHCPv6 client can request IPv6 addresses from a DHCPv6 server.
After being configured with available addresses, a DHCPv6 server can provide IPv6 addresses to hosts in the network, record the
allocated addresses and improve the network manageability.
Working Principle
Network hosts serve as DHCPv6 clients and DHCPv6 servers to implement address allocation, update, confirmation, release and other
operations through message exchange.



Four-Message Exchange

Figure 5-5 shows the four-message exchange process.
Figure 5-5



A DHCPv6 client sends a Solicit message whose destination address is FF02::1:2 and destination port number is 547 within the
local link to request address, prefix and configuration parameter allocation. All DHCPv6 servers or DHCPv6 relay agents within
the link will receive the Solicit message.



After receiving the Solicit message, a DHCPv6 server will send an Advertise message in the unicast mode if it can provide the
information requested in the Solicit message. The Advertise message includes the address, prefix and configuration parameters.



The DHCPv6 client may receive the Advertise message from multiple DHCPv6 servers. After selecting the most suitable DHCPv6
server, the DHCPv6 client sends a Request message whose destination address is FF02::1:2 and destination port number is 547
to request address, prefix and configuration parameter allocation.
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After receiving the Request message, the DHCPv6 server creates a binding locally and sends a Reply message in the unicast
mode.TheReply messageincludes theaddress,prefixand configuration parametersthat theDHCPv6 serverwillallocatetothe
DHCPv6 client. The DHCPv6 client obtains address, prefix or configuration parameters based on the information in the Reply
message.



Two-Message Exchange

Two-message exchange can be used to complete address, prefix and parameter configuration for DHCPv6 clients more quickly.
Figure 5-6



A DHCPv6 client sends a Solicit message whose destination address is FF02::1:2 and destination port number is 547 within the
local link to request address, prefix and configuration parameter allocation. The Solicit message contains Rapid Commit.



IfaDHCPv6server supportstheRapid Commit option, theDHCPv6server createsa binding locallyand sends aReplymessage
in the unicast mode.The Reply message includes the address, prefix and configuration parameters to be allocated to the
DHCPv6 client. The DHCPv6 client completes configuration based on the information in the Reply message.



Update and Rebinding

TheDHCPv6serverprovidesthecontroladdressandtheupdatedT1andT2intheIAofthemessagesenttotheDHCPv6client.
Figure 5-7



The DHCPv6 client will send a Renew multicast message to the DHCPv6 server for updating the address and prefix after T1
seconds. The Renew message contains the DUID of the DHCPv6 server and the IA information to be updated.



After receiving the Renew message, the DHCPv6 server checks whether the DUID value in the Renew message is equal to the
DUID value of the local device. If yes, the DHCPv6 server updates the local binding and sends a Reply message in the unicast
mode. The Reply message contains the new T1 and other parameter s.
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Figure 5- 8



Ifno responseisreceived aftertheDHCPv6 client sendsa RenewmessagetotheDHCPv6 server,theDHCPv6client willsend a
Rebind multicast message to the DHCPv6 server for rebinding the address and prefix after T2 expires.



After receiving the Rebind message, the DHCPv6 server (perhaps a new DHCPv6 server) sends a Reply message according to the
content of the Rebind message.



Release

IfaDHCPv6 client needstoreleasean addressor a prefix, theDHCPv6 client needstosend aReleasemessage toaDHCPv6 serverto
notify the DHCPv6 server of the released addresses or prefixes. In this way, the DHCPv6 server can allocate these addresses and
prefixes to other DHCPv6 clients.
Figure 5- 9



After receiving the Release message, the DHCPv6 server removes the corresponding bindings based on the addresses or
prefixes in the Release message, and sends a Reply message carrying the state option to the DHCPv6 client.



Confirmation

After moving to a new link (for example, after restart), a DHCPv6 client will send a Confirm message to the DHCPv6 server on the new
link to check whether the original addresses are still available.
Figure 5- 10
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After receiving the Confirm message, the DHCPv6 server performs confirmation based on the address information in the
Confirm message, and sends a Reply message carrying the state option to the DHCPv6 client. If the confirmation fails, the
DHCPv6 client may initiate a new address allocation request.



DHCPv6 Conflict

If the DHCPv6 client finds that the allocated addresses have been used on the link after address allocation is completed, the DHCPv6
client sends a Decline message to notify the DHCPv6 server of the address conflict.
Figure 5- 11



The DHCPv6 client includes the IA information of the conflicted addresses in the Decline message.



Afterreceivingthe Declinemessage,the DHCPv6server markstheaddresses intheDeclinemessageas "declined"and willnot
allocate these addresses. Then, the DHCPv6 server sends a Reply message carrying the state option to the DHCPv6 client. You
can manually clear addresses marked as "declined" to facilitate re-allocation.

Related Configuration



Enabling the DHCPv6 Server Function on an Interface



By default, an interface is not enabled with the DHCPv6 server function.



Youcanruntheipv6dhcpservercommandtoenabletheDHCPv6serverfunctionfortheinterface.
The DHCPv6 server function must be enabled on a layer-3 interface.



Allocating Addresses Through the DHCPv6 Server



By default, the DHCPv6 server has no configuration pool and is not configured with addresses to be allocated.



You can run the ipv6 dhcp pool command to create a configuration pool.



You can run the iana-address command to configure addresses to be allocated and the preferred lifetime and valid lifetime
values.



Clearing Conflicted Addresses Through the DHCPv6 Server



By default, the DHCPv6 server does not clear conflicted addresses that are detected.



Youcan run the clear ipv6 dhcp conflict command to clear conflicted addresses so that these addresses can be reused.



Enabling the DHCPv6 Client Address Request Function on an Interface



By default, an interface is not enabled with the DHCPv6 client address request function.



You can run the ipv6 dhcp client ia command to enable the DHCPv6 client address request function for the interface.
The DHCPv6 client address request function is effective only on a layer-3 interface.

www.fs.com

649

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

5.3.2 Requesting/Allocating Prefixes

Configure available prefixes on the DHCPv6 server. By using the prefix delegation of DHCPv6, uplink network devices can allocate
address prefixes to downlink network devices, which implements flexible station-level automatic configuration and flexible control of
station address space.
Working Principle
Downlink network devices serve as DHCPv6 clients to exchange messages with the DHCPv6 server to implement address allocation,
update, release and other operations. Downlink network devices obtain, update, rebind and release prefixes by using the four/two-message exchange mechanism similar to that for allocating addresses. However, prefix allocation is different from address
allocation in the following aspects:



In message exchange using the prefix delegation, the Confirm and Decline messages are not used.



If a DHCPv6 client moves to a new link and needs to check whether the prefix information is available, it performs confirmation
through Rebind and Reply message exchange.



The IA type in various messages is IA_PD.
For the message exchange using the prefix delegation, refer to the section "Requesting/Allocating Addresses".

Related Configuration



Enabling the DHCPv6 Server Function on an Interface



By default, an interface is not enabled with the DHCPv6 server function.



Youcanruntheipv6dhcpservercommandtoenabletheDHCPv6serverfunctionfortheinterface.
The DHCPv6 server function is effective only on a layer-3 interface.



Prefix Delegation of the DHCPv6 Server



By default, the DHCPv6 server has no configuration pool and is not configured with prefixes.



You can run the ipv6 dhcp pool command to create a configuration pool.



You can run the prefix-delegation command to allocate specified prefixes to a specific DHCPv6 client.



Youcan run the prefix-delegation pool command to configure a prefix pool so that all prefixes requested by the DHCPv6 client
are allocated from this pool.



Enabling the DHCPv6 Client Prefix Request Function on an Interface



By default, an interface is not enabled with the DHCPv6 client prefix request function.



You can run the ipv6 dhcp client pd command to enable or disable the DHCPv6 client prefix request function for the interface.



The DHCPv6 client prefix request function is effective only on a layer-3 interface.

5.3.3 Stateless Service

When a DHCPv6 client needs only configuration parameters, the DHCPv6 stateless service can be used to obtain related configuration
parameterswhichcannotbeobtainedthroughastatelessautomaticaddressconfigurationprotocol,suchastheDNSserveraddress.
Working Principle
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Network hosts serve as DHCPv6 clients to exchange messages with the DHCPv6 server to obtain and update configuration
parameters.



Message Exchange Using the Stateless Service

Figure 5- 12



A DHCPv6 client sends an Information-request message to a DHCPv6 server to request stateless messages. Usually, this message
does not contain the DUID of the specified DHCPv6 server.



The DHCPv6 server sends a Reply message containing the configuration parameters to the DHCPv6 client.

Related Configuration



Enabling the DHCPv6 Server Function on an Interface



By default, an interface is not enabled with the DHCPv6 server function.



Youcanruntheipv6dhcpservercommandtoenable ordisabletheDHCPv6serverfunctionfortheinterface.
The DHCPv6 server function is effective only on a layer-3 interface.



Stateless Service of a DHCPv6 Server



By default, the DHCPv6 server has no configuration pool and is not configured with configuration parameters.



You can run the ipv6 dhcp pool command to create a configuration pool.



You can run the dns-server command to add a DNS server.



You can run the domain-name command to add a domain name.



You can run the option52 command to add the IPv6 address of the CAPWAP AC.



You can run the bootfile-url command to configure the BOOT file URL.

5.3.4 Relay Service

When the DHCPv6 client and DHCPv6 server are on different links, the DHCPv6 client can relay related messages to the DHCPv6 server
through the DHCPv6 relay agent. The DHCPv6 server also relays the response to the DHCPv6 client through the relay agent.
Working Principle
When receiving a message from the DHCPv6 client, the DHCPv6 relay agent creates a Relay-forward message. This message contains
the original message from the DHCPv6 client and some options added by the relay agent. Then, the relay agent sends the
Relay-forward message to a specified DHCPv6 server or a specified multicast address FF05::1:3.
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After receiving the Relay-forward message, the DHCPv6 server extracts the original message from the DHCPv6 client f for processing.
Then, the DHCPv6 server constructs a response to the original message, encapsulates the response in a Relay-reply message, and then
sends the Relay-reply message to the DHCPv6 relay agent.
After receiving the Relay-reply message, the DHCPv6 relay agent extracts the original message from the DHCPv6 server for processing,
and forwards the message to the DHCPv6 client.
Multi-level relay agents are allowed between the DHCPv6 client and DHCPv6 server.

 DHCPv6 Relay Agent
Figure 5- 13



The DHCPv6 relay agent performs message encapsulation and decapsulation between the DHCPv6 client and DHCPv6 server to
enable communication between the DHCPv6 client and DHCPv6 server on different links.

5.3.5 Specifying the Source Interface of DHCPv6 Relay-Forward Packets

The DHCPv6 server may fail, based on the IP address of the uplink port, to identify a particular DHCPv6 relay agent. To solve this
problem, you can specify the source interface of DHCPv6 relayed packets to ensure normal forwarding of packets.
Working Principle
By specifying the source interface, when DHCPv6 relay packets are forwarded to the DHCPv6 server, the source IP address of the those
packets are modified while the IP address of the DHCPv6 server remains to be their destination address. After receiving the packets
withthe specified source address,the DHCPv6 server records this address and uses it as the destination address of the reply packets.
In this way, the DHCPv6 server can clearly identify DHCPv6 relay agents.
Related Configuration

 Specifying the Source Interface of DHCPv6 Relay-Forward Packets in Global or Interface Configuration Mode


By default, no source interface is specified.



Run the ipv6 dhcp relay source command to configure or remove a specified source interface.



Run the show ipv6 dhcp relay source command to display the specified source interface and its configuration information.
In interface configuration mode, only a L3 interface can be configured as the source interface.

5.4 Configuration
Configuration
ConfiguringtheDHCPv6Server

Description and Command
(Mandatory) It is used to create a configuration pool.
ipv6 dhcp pool
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Configuration

Description and Command
(Optional) It is used to allocate addresses.
iana-address prefix

Configures the address prefixes to be allocated on
the DHCPv6 server.

(Optional) It is used to allocate prefixes.
prefix-delegation
prefix-delegation pool
ipv6 local pool

Configures prefixes of statically bound addresses on
the DHCPv6 server.
Configures the DHCPv6 server to allocate prefixes
from a local prefix pool.
Configures a local IPv6 prefix pool.

(Optional) It is used to allocate configuration parameters.
dns-server

Configures the DNS server on the DHCPv6 server.

domain-name

Configures the domain name of the DHCPv6 server.

option52
bootfile-url

Configures the IPv6 address of the CAPWAP AC on
the DHCPv6 server.
ConfigurestheBOOTfileURLoftheDHCPv6server.

(Mandatory) It is used to enable the DHCPv6 server service.
ipv6 dhcp server

Enables the DHCPv6 server serviceon an interface.

(Mandatory) It is used to enable the DHCPv6 relay agent service.
Configuring the DHCPv6 Relay ipv6 dhcp relay destination
ipv6 dhcp relay source

Configures the DHCPv6 relay agent function.
Configures the source interface of DHCPv6
Relay-Forward packets.

(Mandatory) It is used to request addresses or prefixes.
Configuring the DHCPv6 Client ipv6 dhcp client ia
ipv6 dhcp client pd

Enables the DHCPv6 client and requests IANA
addresses.
Enables the DHCPv6 client and requests address
prefixes.

5.4.1 Configuring the DHCPv6 Server

Configuration Effect



An uplink device can automatically allocate DHCPv6 addresses, prefixes and configuration parameters to a downlink device.

Notes



To provide the DHCPv6 server service, you must specify a DHCPv6 server configuration pool.



The name of the configuration pool cannot be too long.



When enabling the DHCPv6 server service, you must specify a configuration pool.



Only the Switch Virtual Interface (SVI), routed port and L3 aggregate port (AP) support this configuration.

Configuration Steps
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Configuring a DHCPv6 Server Configuration Pool



Mandatory.



Unless otherwise specified, you should configure a DHCPv6 server configuration pool on all devices that need to provide the
DHCPv6 server service.



Configuring the Address Prefixes to Be Allocated on the DHCPv6 Server



Optional.



To provide the address allocation service, you should configure address prefixes to be allocated on all devices that need to
provide the DHCPv6 server service.



Configuring Prefixes of Static Addresses on the DHCPv6 Server



Optional.



To provide the prefix delegation service for statically bound addresses, you should configure prefixes of statically bound
addresses on all devices that need to provide the DHCPv6 server service.



Configuring the DHCPv6 Server to Allocate Prefixes from a Local Prefix Pool



Optional.



To provide the prefix delegation service, you should specify a local prefix pool on all devices that need to provide the DHCPv6
server service.



Configuring a Local IPv6 Prefix Pool



Optional.



To provide the prefix delegation service through a prefix pool, you should specify a local prefix pool on all devices that need to
provide the DHCPv6 server service.



Configuring the DNS Server on the DHCPv6 Server



Optional.



Toallocate DNS servers, you should configure the DNS server on all devices that need to provide the DHCPv6 server service.



Configuring Domain Names on the DHCPv6 Server



Optional.



Toallocate domain names, you should configure domain names on all devices that need to provide the DHCPv6 server service.



Configuring the IPv6 Address of the CAPWAP AC on the DHCPv6 Server



Optional.



To allocate CAPWAP AC information, you should configure the IPv6 address of the CAPWAP AC on all devices that need to
provide the DHCPv6 server service.



Configuring the BOOT File URL of the DHCPv6 Server



Optional.



To provide the URL of the BOOT file, you should specify a BOOT file URL on all devices that need to provide the DHCPv6 server
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service.



Enabling the DHCPv6 Server Service



Mandatory.



Unless otherwise specified, you should enable the DHCPv6 server service on specific interfaces of all devices that need to
provide the DHCPv6 server service.

Verification
The DHCPv6 server allocates addresses, prefixes or configuration parameters for the DHCPv6 client.



The DHCPv6 client obtains the required information.



The DHCPv6 server successfully creates a local binding.

Related Commands



Configuring a DHCPv6 Server Configuration Pool

Command

ipv6 dhcp pool poolname

Parameter

poolname: Indicates the name of a user-defined DHCPv6 configuration pool.

Description
Command

Global configuration mode

Mode
Usage Guide

Run the ipv6 dhcp pool command to create a DHCPv6 server configuration pool. After configuring this command,
you may enter the DHCPv6 pool configuration mode, in which you can configure the pool parameters such as the
prefixand DNS server.
After creating a DHCPv6 server configuration pool, you can run the ipv6 dhcp server command to associate the
configuration pool with the DHCPv6 server service on an interface.



Configuring the IA_NA Address Prefix for the DHCPv6 Server

Command

iana-address prefix ipv6-prefix/prefix-length [ lifetime { valid-lifetime | preferred-lifetime } ]

Parameter

ipv6-prefix/prefix-length: Indicates an IPv6 address prefix and the prefix length.

Description

lifetime: Sets the valid time of the address allocated to a client. This keyword must be configured together with
valid-lifetime and preferred-lifetime.
valid-lifetime: Indicates the valid time of the address allocated to a client.
preferred-lifetime: Indicates the time when an address is preferentially allocated to a client.

Command

Interface configuration mode

Mode
Usage Guide

Run the iana-address prefix command to configure IA_NA address prefixes for a DHCPv6 server, some of which are
allocated tothe client.
When receiving an IA_NA address request from a client, the DHCPv6 server selects an available address according to
the IA_NA address range and allocates the address to the client. When the client does not use this address, the
DHCPv6 server marks this address as available for another client.



Configuring Prefixes of Statically Bound Addresses on the DHCPv6 Server

Command

prefix-delegation ipv6-prefix/prefix-length client-DUID [ lifetime ]

Parameter

ipv6-prefix/prefix-length: Indicates an IPv6 address prefix and the prefix length.
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Description

client-DUID: Indicates the DUID of a client.
lifetime: Sets the time when the client can use this prefix.

Command

DHCPv6 pool configuration mode

Mode
Usage Guide

You can run the prefix-delegation command to manually configure a prefix list for an IA_PD of a client and specify
the valid time of these prefixes.
Use the client-DUID parameter to specify the client to which the address prefix is allocated. The address prefix will be
allocated to the first IA_PD of the client.
After receiving a request for the address prefix from the client, the DHCPv6 server checks whether a static binding is
available. If yes, the DHCPv6 server directly returns the static binding. If not, the DHCPv6 server allocates the address
prefix from another prefix source.



Configuring the DCHPv6 Server to Allocate Prefixes from a local prefix pool

Command

prefix-delegation pool poolname [lifetime { valid-lifetime | preferred-lifetime } ]

Parameter

poolname: Indicates the name of a user-defined local prefix pool.

Description

lifetime: Sets the valid time of the prefix allocated to a client. This keyword must be configured together with
valid-lifetime and preferred-lifetime.
valid-lifetime: Indicates the valid time of the prefix allocated to the client.
preferred-lifetime: Indicates the time when a prefix is preferentially allocated to a client.

Command

DHCPv6 pool configuration mode

Mode
Usage Guide

Run the prefix-delegation pool command to configure a prefix pool for a DHCPv6 server to allocate prefixes to
clients. The ipv6 local pool command is used to configure a prefix pool.
When receiving a prefix request from a client, the DHCPv6 server selects an available prefix from the prefix pool and
allocates the prefix to the client. When the client does not use this prefix, the DHCPv6 server retrieves the prefix .



Configuring a Local IPv6 Prefix Pool

Command

ipv6 local pool poolname prefix/prefix-length assigned-length

Parameter

poolname: Indicates the name of a local prefix pool.

Description

prefix/prefix-length: Indicates the prefix and prefix length.
assigned-length: Indicates the length of the prefix allocated to a user.

Command

Global configuration mode

Mode
Usage Guide

Run the ipv6 local pool command to create a local prefix pool. If the DHCPv6 server needs prefix delegation, you can
run the prefix-delegation pool command to specify a local prefix pool. Afterwards, prefixes will be allocated from
the specified local prefix pool.



Configuring the DNS Server on the DHCPv6 Server

Command

dns-server ipv6-address

Parameter

ipv6-address: Indicates the IPv6 address of the DNS server.

Description
Command

DHCPv6 pool configuration mode

Mode
Usage Guide
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server address will not overwrite old DNS server addresses.



Configuring Domain Names on the DHCPv6 Server

Command

domain-name domain

Parameter

domain: Defines a domain name to be allocated to a user.

Description
Command

DHCPv6 pool configuration mode

Mode
Usage Guide

You can run the domain-name command for multiple times to create multiple domain names. A new domain name
will not overwrite old domain names.



Configuring the option52 on the DHCPv6 Server

Command

option52 ipv6-address

Parameter

ipv6-address: Specifies the IPv6 address of the CAPWAP AC.

Description
Command

DHCPv6 pool configuration mode

Mode
Usage Guide

Youcan run the option52 command to configure IPv6 addresses for the multiple CAPWAPACs. A new CAPWAP AC
IPv6 address will not overwrite old IPv6 addresses.



Configuring the BOOT File URL

Command

bootfile-url url-string

Parameter

url-string: Specifies the URL of the BOOT file.

Description
Command

DHCPv6 address pool configuration mode

Mode
Usage Guide



Only the latest configured BOOT file URL is valid. New BOOT file URL overlays the old one.

Enabling the DHCPv6 Server Service

Command

ipv6 dhcp server poolname [rapid-commit] [preference value]

Parameter

poolname: Indicates the name of a user-defined DHCPv6 configuration pool.

Description

rapid-commit: Permits the two-message exchange process.
preference value: Configures the priority of the advertise message, ranging from 0 to 255. The default value is 0.

Command

Interface configuration mode

Mode
Usage Guide

Run the ipv6 dhcp server command to enable the DHCPv6 service on an interface.
When the rapid-commit keyword is configured, the two-message exchange with a client is permitted during
allocation of address prefixes and other configurations. After this keyword is configured, if the Solicit message from a
client contains the rapid-commit option, the DHCPv6 server will send a Reply message directly.
If preference is set to a non-0 value, the advertise message sent by the DHCPv6 server contains the preference
option. The preference field affects the server selection by a client. If an advertise message does not contain this
field, the value of preference is considered 0. If the value of preference received by the client is 255, the client sends
a request to the server immediately to obtain configurations.
The DHCPv6 client, server, and relay functions are mutually exclusive. An interface can be configured with only one
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function at a time.
Configuration Example



Configuring the DHCPv6 Server

Configuration



Configure a configuration pool named "pool1".

Steps



Configure the IA_NA address prefix for the DHCPv6 server.



Configure prefixes of statically bound addresses on the DHCPv6 server.



Configure two DNS servers.



Configure the domainname.



Enable the DHCPv6 server service on an interface.

FS# configure terminal
FS(config)# ipv6 dhcp pool pool1
FS(config-dhcp)# iana-address prefix 2008:50::/64 lifetime 2000 1000
FS(config-dhcp)# prefix-delegation 2008:2::/64 0003000100d0f82233ac
FS(config-dhcp)# dns-server 2008:1::1
FS(config-dhcp)# dns-server 2008:1::2
FS(config-dhcp)# domain-name example.com
FS(config-dhcp)#exit
FS(config)# interface GigabitEthernet 0/1
FS(config-if)# ipv6 dhcp server pool1

Verification



Run the show ipv6 dhcp pool command to display the created configuration pool.

FS#showipv6 dhcppool
DHCPv6 pool: pool1
Static bindings:
Binding for client 0003000100d0f82233ac
IA PD prefix: 2008:2::/64
preferred lifetime 3600, valid lifetime 3600
IANA address range: 2008:50::1/64 -> 2008:50::ffff:ffff:ffff:ffff/64
preferred lifetime 1000, valid lifetime 2000
DNS server: 2008:1::1
DNS server: 2008:1::2
Domain name: example.com
Common Errors



The specified pool name is too long.



The number of the configuration pools exceeds the system limit (256).
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The configuration is performed on other interfaces than the Switch Virtual Interface (SVI), routed port and L3 AP port.



The number of interfaces configured with the DHCPv6 server service exceeds the system limit (256).



The specified value of valid lifetime is smaller than that of preferred lifetime.



An invalid IA_NA address is specified.



The number of address ranges exceeds the system limit (20).



When prefixes of statically bound addresses are configured, the specified DUIDs are too long.



The number of prefixes of statically bound addresses exceeds the system limit (1024).



When a local prefix pool is configured, the specified value of valid lifetime is larger than that of preferred lifetime.



The number of DNS servers exceeds the system limit (10).



The number of domain names exceeds the system limit (10).



The number of option52 addresses exceeds the system limit (10).

5.4.2 Configuring the DHCPv6 Relay

Configuration Effect



A DHCPv6 relay agent can be configured for address allocation, prefix delegation and parameter allocation to enable
communication between the DHCPv6 client and server on different links.

Notes



A destination address must be specified. If the destination address is a multicast address (such as FF05::1:3), you also need to
specify an egress interface.

Configuration Steps



Configuring the DHCPv6 Relay Agent Function



Mandatory.



Unless otherwise specified, you should configure the DHCPv6 relay agent function on all devices that need to provide the
DHCPv6 relay agent service.

Verification
The DHCPv6 client and DHCPv6 server exchange messages through the relay agent.



Check whether the interface is enabled with the DHCPv6 relay.



Check whether the DHCPv6 relay agent can receive and send messages.

Related Commands



Configuring the DHCPv6 Relay Agent Function

Command

ipv6 dhcp relay destination ipv6-address [interface-type interface-number]

Parameter

ipv6-address: Specifies the destination address of the relay agent.

Description

interface-type: Specifies the type of the destination interface (optional).
interface-number: Specifies the destination interface number (optional).
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Command

Interface configuration mode

Mode
Usage Guide

All DHCPv6 packets from clients received by an interface enabled with the DHCPv6 relay function will be
encapsulated and sent to a specified destination address (or multiple destination addresses) through a specified
interface (optional).

Configuration Example



Configuring the DHCPv6 Relay

Configuration

Specify an interface enabled with the relay service to forward received DHCPv6 client packets to a specified

Steps

destination address through the specified interface (optional).
FS#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#interface vlan 1
FS(config-if)#ipv6 dhcp relay destination 3001::2
FS(config-if)#ipv6 dhcp relay destination ff02::1:2 vlan 2

Verification

Run the show ipv6 dhcp relay destination all command to display the configured destination addresses.
Interface:VLAN 1
Destination address(es)

OutputInterface

3001::2
ff02::1:2

VLAN 2

Common Errors



The configuration is performed on other interfaces than the Switch Virtual Interface (SVI), routed port and L3 AP port.

5.4.3 Configuring the DHCPv6 Client

Configuration Effect



Enable a device to automatically request IPv6 addresses or related parameters from a server.

Notes



The configuration must be performed on layer-3 interfaces.

Configuration Steps



Enabling the DHCPv6 Client and Requesting IANA Addresses



Mandatory.



Unless otherwise specified, you should enable the DHCPv6 client address request function on all devices that need to request
addresses.



Enabling the DHCPv6 Client and Requesting Address Prefixes
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Mandatory.



Unless otherwise specified, you should enable the DHCPv6 client prefix request function on all devices that need to request
prefixes.



Enabling the Stateless Service of the DHCPv6 Client



It is mandatory if the DHCPv6 client needs to obtain configuration parameters.

Verification
Checkwhether theinterfaceis enabledwiththe DHCPv6client and checkthe addresses, prefixesand other configuration obtainedon
the interface.
Related Commands



Enabling the DHCPv6 Address Request Function

Command

ipv6 dhcp client ia [ rapid-commit ]

Parameter

rapid-commit: Permits the simplified message exchange process.

Description
Command

Interface configuration mode

Mode
Usage Guide

If the DHCPv6 client mode is not enabled, this command will enable the DHCPv6 client mode on the interface.
Aftertheipv6dhcpclientiacommandisconfigured,anIANAaddressrequestwillbesenttotheDHCPv6server.
The rapid-commit keyword permits the two-message exchange process between the client and server. If this
keyword is configured, the Solicit message sent by the client contains the rapid-commit option.



Enabling the DHCPv6 Client Prefix Request

Command

ipv6 dhcp client pd prefix-name [ rapid-commit ]

Parameter

prefix-name: Indicates an IPv6 general prefix.

Description

rapid-commit: Permits the simplified message exchange process.

Command

Interface configuration mode

Mode
Usage Guide

If the DHCPv6 client mode is not enabled, this command will enable the DHCPv6 client mode on the interface.
After the ipv6 dhcp client pd command is configured, a prefix request will be sent to the DHCPv6 server. After
receiving the prefix, the client will save the prefix in the IPv6 general prefix pool. Then, other commands and
applications can use this prefix.
The rapid-commit keyword permits the two-message exchange process between the client and server. If this
keyword is configured, the Solicit message sent by the client contains the rapid-commit option.

Configuration Example



Enabling the DHCPv6 Address Request Function

Configuration



Configure the DHCPv6 client address request function on an interface.

Steps
FS(config)# interface GigabitEthernet 0/1
FS(config-if)# ipv6 dhcp client ia
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Verification



Run the show ipv6 dhcp interface command to display whether the interface is enabled with the DHCPv6
client.

FS#show ipv6 dhcp interface GigabitEthernet 0/1
GigabitEthernet 0/1 is in client mode
Rapid-Commit: disable



Enabling the DHCPv6 Client Prefix Request

Configuration



Configure the DHCPv6 client prefix request function on an interface.

Steps
FS(config)# interface GigabitEthernet 0/1
FS(config-if)# ipv6 dhcp client pd pd_name

Verification



Run the show ipv6 dhcp interface command to display whether the interface is enabled with the DHCPv6
client.

FS#show ipv6 dhcp interface GigabitEthernet 0/1
GigabitEthernet 0/1 is in client mode
Rapid-Commit: disable
Common Errors



The DHCPv6 client address request is enabled on non-layer-3 interfaces.



The DHCPv6 address request is enabled on interfaces enabled with the DHCPv6 relay or DHCPV6 server.



The DHCPv6 client prefix request is enabled on non-layer-3 interfaces.



The DHCPv6 prefix request is enabled on interfaces enabled with the DHCPv6 relay or DHCPV6 server.

5.4.4 Specifying the Source Interface of DHCPv6 Relay-Forward Packets

Configuration Effect



Configure the source IP address of DHCPv6 Relay-Forward packets and add a padding to their link-address field.

Notes



When specifying a local interface as the source interface, make sure the local interface is a L3 interface. If it becomes a non-L3
interface, it is not the source interface any more.

Configuration Steps



Configuring the Source IP Address as the Source Interface



Optional.



If you just need to change the source IP address of DHCP Relay-Forward packets, you can set the source IP address as the source
interface on an interface or globally.
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Configuring the Gateway IP Address as the Source Interface



Optional.



If you need to change the segment information DHCPv6 clients obtain, you can set the gateway IP address as the source
interface on an interface or globally.

Verification
Check whether the related fields in the DHCPv6 Relay-Forward packets are specified:



Capture packets to check if the parameters in corresponding fields are the same as they are specified.



Check if DHCPv6 relay agent can send and receive packets normally.

Related Commands



Specifying the Source Interface of DHCPv6 Relay-Forward Packets

Command

ipv6 dhcp relay source {source-ip-address | gateway-address} {ipv6 address | interface-type interface- number }

Parameter

source-ip-address: Specifies the source IP address, and adds padding to the source IP field.

Description

gateway-address: Specifies the gateway address, and adds padding to the source IP and link address fields.
ipv6-address: Specifies the IPv6 address of the source interface.
interface-type: Specifies the interface type of the source interface.
interface-number:Specifiesthenumberofthesourceinterface.

Command

Interface/Global configuration mode

Mode
Usage Guide

Enabling the functionality of specifying the source interface of DHCPv6 Relay-Forward packets changes the source IP
address and link address fields of the DHCPv6 Relay-Forward packets. By specifying the source IP address, the source
IP address of the DHCPv6 Relay-Forward packets is changed; by specifying the gateway address, the source IP
address and the link address fields are changed.
This command can be run in both global configuration mode and interface configuration mode with configurations
in interface configuration mode takes higher priority. When in the same mode, new configurations override the old
ones.

Configuration Example



Specifying the Source Interface of DHCPv6 Relay-Forward Packets

Configuration



Steps

Specify, in interface VLAN 1, the source interface of DHCPv6 Relay-Forward packets by choosing the gateway IP
address as the source interface and configuring an IPv6 address.



Specify, globally, the source interface of DHCPv6 Relay-Forward packets by choosing the source IP address as
the source interface and configuring a local interface as the source interface.

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# interface vlan 1
FS(config-if)# ipv6 dhcp relay source gateway-address 1000::1
FS(config-if)# exit
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FS(config)# ipv6 dhcp relay source source-ip-address loopback 0
FS(config)#

Verification



Run the show ipv6 dhcp relay source command to display the specified source interface and its configuration
information.

FS#show ipv6 dhcp relay source
Interface-Name

Source-Intf-Type

Global

Source Address

VLAN 1

Gateway Address

Source-Intf-Parameter
Loopback 0
1000::1

Common Errors



This feature is enabled on ports that are not SVIs, routed ports, or L3 interfaces.

5.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears DHCPv6 bindings.

clear ipv6 dhcp binding [ ipv6-address ]

Clears DHCPv6 server statistics.

clear ipv6 dhcp server statistics

Clears conflicted

clear ipv6 dhcp conflict { ipv6-address | * }

addresses on the

DHCPv6 server.
Clears the statistics on sent and received clear ipv6 dhcp relay statistics
packets after the DHCPv6 relay is
enabled on the current device.
clear ipv6 dhcp client interface-type interface-number

Restarts the DHCPv6 client.
Displaying
Description

Command

Displays the DUID of a device.

show ipv6 dhcp

Displays address

bindings on

the

show ipv6 dhcp binding [ ipv6-address ]

DHCPv6 server.
Displays DHCPv6 interface.

show ipv6 dhcp interface [ interface-name ]

Displays DHCPv6 pool.

show ipv6 dhcp pool [ poolname ]

Displays conflicted DHCPv6 addresses.

show ipv6 dhcp conflict

Displays the statistics on the DHCPv6

show ipv6 dhcp server statistics

server.
Displays the destination address of the show ipv6 dhcp relay destination { all | interface-type interface-number }
DHCPv6 relay agent.
Displays the statistics on sent and

show ipv6 dhcp relay statistics

received packets after the DHCPv6 relay
is enabled on a device.
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Displays the local IPv6 prefix pool.

show ipv6 local pool [ poolname ]

Displays the specified source interface

show ipv6 dhcp relay source

and its configuraton information.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs DHCPv6.

debug ipv6 dhcp [ detail ]

6 Configuring DNS
6.1 Overview
A Domain Name System (DNS) is a distributed database containing mappings between domain names and IP addresses on the
Internet, which facilitate users to access the Internet without remembering IP strings that can be directly accessed by computers.The
processof obtaining an IPaddress through the correspondinghost name is called domain name resolution(or host name resolution).
Protocols and Standards



RFC1034: DOMAIN NAMES - CONCEPTS AND FACILITIES



RFC1035: DOMAIN NAMES - IMPLEMENTATION AND SPECIFICATION

6.2 Applications
Application

Description

Static Domain Name Resolution

Performs domain name resolution directly based on the mapping between a domain name
and an IP address on a device.

Dynamic Domain Name Resolution

Obtains the IP address mapped to a domain name dynamically from a DNS server on the
network.

6.2.1 Static Domain Name Resolution

Scenario



Preset the mapping between a domain name and an IP address on a device.



When you perform domain name operations (such as Ping and Telnet) through application programs, the system can resolve
the IP address without being connected to a server on the network.

Deployment



Preset the mapping between a domain name and an IP address on a device.

6.2.2 Dynamic Domain Name Resolution

Scenario



DNS Server is deployed on the network to provide the domain name service.
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Domain name "host.com" is deployed on the network.



Device-A applies to DNS Server for domain name "host.com".

Figure 6- 1 Dynamic Domain Name Resolution

Deployment



Deploy DNS Server as the DNS server of Device-A.

6.3 Features
Basic Concepts



DNS

The DNS consists of a resolver and a DNS server. The DNS server stores the mappings between domain names and IP addresses of all
hosts on the network, and implements mutual conversion between the domain names and IP addresses. Both the TCP and UDP port
IDs of DNS are 53, and generally a UDP port is used.
Features
Feature

Description

Domain Name Resolution

IP addresses are obtained based on domain names from a DNS server or a local database.

6.3.1 Domain NameResolution

Working Principle



Static Domain Name Resolution

Static domain name resolution means that a user presets the mapping between a domain name and an IP address on a device. When
you perform domain name operations (such as Ping and Telnet) through application programs, the system can resolve the IP address
without being connected to a server on the network.



Dynamic Domain Name Resolution

Dynamic domain name resolution means that when a user perform domain name operations through application programs, the DNS
resolver of the system queries an external DNS server for the IP address mapped to the domain name.
The procedure of dynamic domain name resolution is as follows:
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1.

Auser applicationprogram (such as Ping or Telnet)requeststhe IP addressmapped toa domain name fromthe DNS resolver of
the system.

2.

The DNS resolver queries the dynamic cache at first. If the domain name on the dynamic cache does not expire, the DNS
resolver returns the domain name to the application program.

3.

If all domain names expire, the DNS resolver initiates a request for domain name-IP address conversion to the external DNS
server.

4.

After receiving a response from the DNS server, the DNS resolver caches and transfers the response to the application program.

Related Configuration



Enabling Domain Name Resolution



By default, domain name resolution is enabled.



Run the ip domain-lookup command to enable or disable domain name resolution.



Configuring the IP Address Mapped to a Static Domain Name



By default, no mapping between a domain name and an IP address is configured.



Run the ip host command to specify the IPv4 address mapped to a domain name.



Configuring a DNS Server



By default, no DNS server is configured.



Run the ip name-server command to configure a DNS server.

6.4 Configuration
Configuration

Description and Command
Optional.

Configuring

Static

Domain

Name Resolution

ip domain-lookup [oob [ via mgmt-name ] | vrf
vrf-name ]
ip host [ oob [ via mgmt-name] | vrf vrf-name ]

Enables domain name resolution.
Configures the IPv4 address mapped to a
domain name.

Optional.
Configuring Dynamic Domain
Name Resolution

ip domain-lookup [oob [ via mgmt-name] | vrf
vrf-name ]
ip name-server [oob [via mgmt-name] ]

Enables domain name resolution.
Configures a DNS server.

6.4.1 Configuring Static Domain Name Resolution

Configuration Effect
The system resolver resolves the IP address mapped to a domain name on a local device.
Configuration Steps



Enabling Domain Name Resolution
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The domain name resolution function is enabled by default.



If this function is disabled, static domain name resolution does not take effect.



Configuring the IPv4 Address Mapped to a Domain Name



(Mandatory) Domain names to be used must be configured with mapped IP addresses.

Verification



Run the show run command to check the configuration.



Run the show hosts [ oob [ via mgmt-name ] | vrf vrf-name ] command to check the mapping between the domain name and
the IP address.

Related Commands



Configuring the IPv4 Address Mapped to a Domain Name

Command

ip host [ oob | vrf vrf-name ] host-name ip-address [ via mgmt-name ]

Parameter

vrf vrf-name:specifies the name of a VRF instance. If this parameter is not specified, it indicates the public network.

Description

oob: enables the out-band channel. It must be set when MGMT is specified as the source port.
via: configures MGMT port.
mgmt-name: specifies the MGMT port in oob mode.
host-name: indicates a domain name.
ip-address: indicates a mapped IPv4 address.

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring Static Domain Name Resolution

Configuration



On a MVRF, set the IP address of static domain name www.test.com to 192.168.1.1.

Steps



On an MGMT port, set the IP address of static domain name www.test.com to 192.168.1.1.

FS#configure terminal
FS(config)# ip host vrfVRFM www.test.com 192.168.1.1
FS(config)# ip oob host www.test.com 192.168.1.1
FS(config)# exit
Verification

RuntheshowhostsvrfVRFM commandtocheckwhetherthestaticdomainnameentry isconfigured.
Run the show hosts oob command to check whether the static domain name entry is configured.
Run the show hosts command to check whether the static domain name entry is configured.
FS#show hosts vrf VRFM
Name servers are:

Host

www.fs.com

type

Address

TTL(sec)
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www.test.com

static

192.168.1.1

type

Address

static

192.168.1.1

type

Address

static

192.168.1.1

---

FS#show hosts oob
Name servers are:

Host
www.test.com

TTL(sec)
---

FS#show hosts
Name servers are:

Host
www.test.com

TTL(sec)
---

6.4.2 Configuring Dynamic Domain Name Resolution

Configuration Effect
The system resolver resolves the IP address mapped to a domain name through a DNS server.
Configuration Steps



Enabling Domain Name Resolution



Domain name resolution is enabled by default.



If this function is disabled, dynamic domain name resolution does not take effect.



Configuring a DNS Server



(Mandatory) To use dynamic domain name resolution, you must configure an external DNS server.

Verification



Run the show run command to check the configuration.

Related Commands



Configuring a DNS Server

Command

ip name-server [ oob | vrf vrf-name ] { ip-address } [ via mgmt-name ]

Parameter

ip-address: indicates the IPv4 address of the DNS server.

Description

oob: indicates that the DNS server supports an out-of-band management interface (interface of mgmt).
via: configures an egress management interface.
mgmt-name: specifies the egress management interface for packets in oob mode.
vrf vrf-name:specifies the name of a VRF instance. If this parameter is not specified, it indicates the public network.

Command

Global configuration mode

Mode
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Usage Guide

N/A

Configuration Example



Configuring Dynamic Domain Name Resolution

Scenario
Figure 6- 2

Device resolves the domain name through the DNS server (192.168.10.1) on the network.
Configuration

Set the IP address of the DNS server of the MGMT port to 192.168.10.1 on the device.

Steps

Set the IP address of the DNS server of theVRFM to 192.168.10.1 on the device.
Set the IP address of the DNS server to 192.168.10.1 on the device.
DEVICE#configure terminal
DEVICE(config)# ip name-server oob 192.168.10.1
DEVICE(config)# ip name-server vrf VRFM 192.168.10.1
DEVICE(config)# ip name-server 192.168.10.1
DEVICE(config)# exit

Verification

Run the show hosts oob command to check whether the DNS server is specified.
Run the show hosts vrf VRFM command to check whether the DNS server is specified.
Run the show hosts command to check whether the DNS server is specified.
FS(config)#show hosts
Name servers are:
192.168.10.1 static
2001::1 static
Host

type

Address

TTL(sec)

FS(config)#show hosts oob
Name servers are:
192.168.10.1 static
2001::1 static
Host

type

Address

TTL(sec)

FS(config)#show hosts vrf VRFM
Name servers are:
192.168.10.1 static
2001::1 static

Host

type

Address

TTL(sec)

6.4.3 Configuring the Source IP Address for DNS Query

Configuration Effect
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The prime IP address of the interface is configured as the source IP address of DNS query.
Configuration Steps



Configuring the Source IP Address for DNS Query



(Optional) You can configure the source IP address of DNS query.



By default, no source IP address is specified for DNS query.

Verification



Run the show run command to check the configuration.

Related Commands



Configuring the Source IP Address for DNS Query

Command

ip domain-lookup [oob [via mgmt-name] | vrf vrf-name] [source {interface | ip ip-address } ]

Parameter

oob: indicates that the DNS server supports an out-of-band management interface (interface of mgmt).

Description

via: configures an egress management interface.
mgmt-name: specifies the egress management interface for packets in oob mode.
vrf vrf-name:specifies the name of a VRF instance. If this parameter is not specified, it indicates the public network.
interface: indicates a Layer 3 interface.
ip-address: indicates the IPv4 address of the DNS server.

Command

Global configuration mode

Mode
Usage Guide

Bydefault,nosourceIPaddressofDNSqueryisconfigured,sothesourceIPaddressofDNSqueryisdecidedthrough
the routing process.
Iftheinterfaceparameterisspecified,whenIPv4DNSqueryissent,itssourceaddressistheprimeIPv4addressofthe
source interface.
Iftheipv4ip-addressfieldisspecified, theconfiguredIPv4addressservesasthesourceaddressofIPv4DNSquery.

Configuration Example



Configuring the Source IP Address for DNS Query

Scenario
Figure 6- 3

The source address configured on the device is 10.1.1.1.
Configuration

Set 10.1.1.1 as the source IP address for DNS query on the device.

Steps

Set 10.1.1.1 as the source IP address for DNS query on the MGMT port.
Set 10.1.1.1 as the source IP address for DNS query on the VRFM of VRF.
DEVICE#configure terminal
DEVICE(config)# ip domain-lookup source ip 10.1.1.1
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DEVICE(config)# exit
DEVICE#configure terminal
DEVICE(config)# ip domain-lookup oob source ip 10.1.1.1
DEVICE(config)# exit
DEVICE#configure terminal
DEVICE(config)# ip domain-lookup vrfVRFM source ip 10.1.1.1
DEVICE(config)# exit
Verification

Run the show run command to check whether the source IP address is specified.
FS(config)#show run | include domain-lookup
ip domain-lookup source ip 10.1.1.1
ip domain-lookup oob source ip 10.1.1.1
ip domain-lookup vrf VRFM source ip 10.1.1.1

6.5 Monitoring
Clearing
Running the clear command during device operation may cause data loss or even interrupt services.
Description

Command

Clears the dynamic host name cache

clear host [ host-name ]

table.
Displaying
Description

Command

Displays DNS parameters.

show hosts [ oob [ via mgmt-name] | vrf vrf-name ] [ host-name ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the DNS function.

debug ip dns

7 Configuring FTP Server
7.1 Overview
The File Transfer Protocol (FTP) server function enables a device to serve as an FTP server. In this way, a user can connect an FTP client
to the FTP server and upload files to and download files from the FTP server through FTP.
A user can use the FTP server function to easily obtain files such as syslog files from a device and copy files to the file system of the
device through FTP.
Protocols and Standards
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RFC959: FILE TRANSFER PROTOCOL (FTP)



RFC3659: Extensions to FTP



RFC2228: FTP Security Extensions



RFC2428: FTP Extensions for IPv6 and NATs



RFC1635: How to Use Anonymous FTP

7.2 Applications
Application

Description

Providing FTP Services in a LAN

Provides the uploading and downloading services for a user in a Local Area Network (LAN).

7.2.1 Providing FTP Services in a LAN

Scenario
Provide theuploading and downloadingservices for auser in aLAN.
AsshowninFigure7-1,enabletheFTPserverfunctiononlyinaLAN.



G and S are enabled with the FTP server function and layer-2 transparent transmission function respectively.



A user initiates a request for FTP uploading and downloading services.

Figure 7- 1

Remarks

G is an egress gateway device.
S is an access device.

Deployment



G is enabled with the FTP server function.



As a layer-2 switch, S provides the function of layer-2 transparent transmission.

7.3 Features
Basic Concepts



FTP

FTP is a standard protocol defined by the IETF Network Working Group. It implements file transfer based on the Transmission Control
Protocol (TCP). FTP enables a user to transfer files between two networked computers and is the most important approach to
transferring files on the Internet. A user can obtain abundant Internet for free through anonymous FTP. In addition, FTP provides
functions such as login, directory query, file operation, and other session control. Among the TCP/IP protocol family, FTP is an
application-layer protocol and uses TCP ports 20 and 21 for transmission. Port 20 is used to transmit data and port 21 is used to
transmit control messages. Basic operations of FTP are described in RFC959.

 User Authorization
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Toconnect an FTP client toan FTPserver, you should have an account authorized bythe FTP server.That is, a user canenjoy services
provided by the FTP server after logging in to the FTP server with a user name and password. A maximum of 10 accounts can be
configured, a maximum of 2 connections are allowed for each account, and a maximum of 10 connections are supported by the
server.

 FTP File Transmission Modes
FTP provides two file transmission modes:



Texttransmission mode (ASCII mode): It is used to transfer text files (such as .txt, .bat, and .cfg files).This mode is different from
the binary mode in carriage return and line feed processing. In ASCII mode, carriage return and line feed are changed to local
CRC characters, for example, \n in Unix, \r\n in Windows, and \r in Mac. Assume that a file being copied contains ASCII text. If a
remote computer does not run Unix, FTP automatically converts the file format to suit the remote computer.



Binary transmission mode: It is used to transfer program files (for example, .app, .bin and .btm files), including executable files,
compressed files and image files without processing data. Therefore, Binary mode facilitates faster transfer of all files and more
reliable transfer of ASCII files.



FTP WorkingModes

FTP provides two working modes:
Figure 7- 2

Figure 7- 3



Figure7-2showstheactive(PORT) mode.The FTPclient usesport 1026toconnect totheFTPserver throughport 21.The client
sends commands through this channel. Before receiving data, the client sends the PORT command on this channel. The PORT
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command contains information on the channel port (1027) of the client for receiving data. The server uses port 20 to connect to
the client through port 1027 for establishing a data channel to receive and transmit data. The FTP server must establish a new
connection with the client for data transmission.



Figure 7-3 shows the passive (PASV) mode. The process for establishing a control channel is similar to that in the PORT mode.
However, after the connection is established, the client sends the PASV command rather than the PORT command. After
receiving the PASV command, the FTP server enables a high-end port (2024) at random and notifies the client that data will be
transmitted on this port. The client uses port 1027 to connect the FTP server through port 2024. Then, the client and server can
transmit and receive data on this channel. In this case, the FTP server does not need to establish a new connection with the
client.

 Supported FTP Commands
After receiving an FTP connection request, the FTP server requires the client to provide the user name and password for
authentication.
If the client passes the authentication, the FTP client commands can be executed for operations. The available FTP client commands
are listedas follows:
ascii

delete

mdelete

mput

quit

send

bin

dir

mdir

nlist

recv

size

rename

system

bye

mget

cd

get

cdup
close

mkdir

passive

mls

put

ls

type
rmdir

user

pwd

For usage of these FTP client commands, please refer to your FTP client software document. In addition, many FTP client tools (such as
CuteFTP and FlashFXP) provide the graphic user interface. These tools facilitate operations by freeing users from configuring FTP
commands.
Overview
Feature
Enabling

Description
the

FTP Provides the functions of uploading, downloading, displaying, creating and deleting files for an FTP client.

Server Function
7.3.1 Enabling the FTP Server Function

Working Principle
The basic working principleis described in the previous chapter. FS devices provide FTPservices after the user name, password, and
top-level directory areconfigured.
Related Configuration



Enabling the FTP Server Function Globally

The FTP server function is disabled by default.
Runtheftp-serverenablecommandtoenabletheFTPserverfunction.
Youmust enable the FTP server function globally before using it.
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Configuring a User Name, Password, and Top-Level Directory

There is no authorized user or top-level directory by default.
Run the ftp-server user password and ftp-server topdir commands to set an authorized user and top-level directory.
The three configurations above are mandatory; otherwise, the FTP server function cannot be enabled.



Specifying an AAA Method

The default method is enabled if no method is specified.
Run the ftp-server authentication { default | username } command to enable a specific AAA method.
GlobalenablingoftheFTPserver,enablingofAAA authentication,and configurationofAAAmethodsaremandatory.Otherwise,AAA
methods cannotbe specified.

7.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable an FTP server.

Configuring Basic Functions

ftp-server enable

Enables the FTP server function.

ftp-server login timeout

Configures Login timeout for an FTP session.

ftp-server login times

Configures the valid login count.

ftp-server topdir

Configures the top-level directory of the FTP
server.

ftp-server username password

Configures a username and password.

ftp-server timeout

Configures the idle timeout of an FTP session.

ftp-server authentication { default | username }

Specifies an AAA method.

7.4.1 Configuring Basic Functions

Configuration Effect



Create an FTP server to provide FTP services for an FTP client.

Notes



The user name, password, and top-level directory need to be configured.



To enable the server to close an abnormal session within a limited period, you need to configure the idle timeout of a session.

Configuration Steps



Enabling the FTP Server Function



Mandatory.



Unless otherwise noted, enable the FTP server function on every router.



Configuring a Top-Level Directory



Mandatory.



Unless otherwise noted, configure the top-level directory as the root directory on every router.
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Configuring a User Name and Password for Login



Mandatory.



The lengths of the user name and password are restricted.



Configuring the Login Timeout for an FTP Session



Optional.



When a client is disconnected from the server due to an error or other abnormal causes, the FTP server may not know that the
user is disconnected and continues to keep the connection. Consequently, the FTP connection is occupied for a long time and
the server cannot respond to the login requests of other users.This configuration can ensure that other users can connect to the
FTP server within a period of time upon an error.

Verification
Connect an FTP client to the FTP server.



Check whether the client is connected.



Check whether operations on the client are normal.

Related Commands



Enabling the FTP Server Function

Command

ftp-server enable

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

The client cannot access the FTP server unless the top-level directory, user name and password are configured.
Therefore, it is recommended that you configure the top-level directory, user name and password for login by
referring to the subsequent chapters before enabling the service for the first time.



Configuring the Valid Login Count

Command

ftp-server login timestimes

Parameter

times: Indicates the valid login count, ranging from 1 to 10.

Description
Command

Global configuration mode

Mode
Usage Guide

The valid login count refers to the number of times you can perform account verification during an FTP session. The
default value is 3, which means that your session will be terminated if you enter an incorrect user name or password
for three times and other users can go online.



Configuring the Login Timeout for an FTP Session

Command
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Parameter

timeout: Indicates the login timeout, ranging from 1 to 30 minutes.

Description
Command

Global configuration mode

Mode
Usage Guide

The login timeout refers to the maximum duration that the session lasts since being established. If you do not pass
the password verification again during the login timeout, the session will be terminated to ensure that other users
can log in.



Configuring the Top-Level Directory of the FTP Server

Command

ftp-servertopdirdirectory

Parameter

directory: Indicates the user access path.

Description
Command

Global configuration mode

Mode
Usage Guide

If the top-level directory of the server is set to "/syslog", the FTP client can access only the files and directories in the
"/syslog" directory on the device after login. Due to restriction on the top-level directory, the client cannot return to
the upper directory of "/syslog".



Configuring a User Name and Password for Server Login

Command

ftp-server username username password [type] password

Parameter

username: Indicates a user name.

Description

type: 0 or 7. 0 indicates that the password is not encrypted (plaintext) and 7 indicates that the password is encrypted
(cipher text).
password: Indicates a password.

Command

Global configuration mode

Mode
Usage Guide

The FTP server does not support anonymous login; therefore, a user name must be configured.
A user name consists of up to 64 characters including letters, half-width digits and symbols without spaces.
A password consists of only letters or digits. Spaces at the beginning and end of the password are ignored. Spaces
inside the password are viewed as part of the password.
A plaintext password consists of 1 to 25 characters. A cipher text password consists of 4 to 52 characters.
User names and passwords must match. A maximum of 10 users can be configured.



Configuring the Idle Timeout for an FTP Session

Command

ftp-Server timeout time

Parameter

time: Indicates the idle timeout, ranging from 1 to 3,600 minutes.

Description
Command

Global configuration mode

Mode
Usage Guide

The idle timeout of a session refers to the duration from the end of an FTP operation to the start of the next FTP
operationinanFTPsession.Aftertheserverresponds toan FTPclient commandoperation(forexample, after afileis
completely transferred), the server starts to count the idle time again, and stops when the next FTP client command
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operation arrives. Therefore, the configuration of the idle timeout has no effect on some time-consuming file transfer
operations.



Configuring an AAA Method on the FTP Server

Command

ftp-server authentication { default | username }

Parameter

default: Indicates the default AAA method.

Description

username: Enters the name of an AAA method.

Command

Global configuration mode

Mode
Usage Guide



Run this command to specify an AAA method that applies to clients logging in the FTP server.

Displaying Server Status

Command

show ftp-server

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide



Run this command to display FTP server status.

Debugging

Command

debug ftp-server pro/err

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Run this command to debug message/error events of the FTP server.

Configuration Example



Creating an FTP Server on an IPv4 Network

Configuration



Establish TCP connections between the server and the client.

Steps



Configure the top-leveldirectory/syslog.



Set the user name user and password to password.



Set the session idle timeout to 5 minutes.



Specify anAAA method.

FS(config)#ftp-server username user
FS(config)#ftp-server password password
FS(config)#ftp-server timeout 5
FS(config)#ftp-server topdir /
FS(config)#ftp-server enable
FS(config)# ftp-server authentication name
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Verification

Run the show ftp-server command to check whether the configuration takes effect.
FS#show ftp-server
ftp-server information
===================================
enable : Y
topdir : tmp:/
timeout: 10min
username:aaaa

password:(PLAINT)bbbb

connect num[2]

[0]trans-type:BINARY (ctrl)server IP:192.168.21.100[21]
client IP:192.168.21.26[3927]
[1]trans-type:ASCII (ctrl)server IP:192.168.21.100[21]
client IP:192.168.21.26[3929]
username:a1

password:(PLAINT)bbbb

connect num[0]

username:a2

password:(PLAINT)bbbb

connect num[0]

username:a3

password:(PLAINT)bbbb

connect num[0]

username:a4

password:(PLAINT)bbbb

connect num[0]

username:a5

password:(PLAINT)bbbb

connect num[0]

username:a6

password:(PLAINT)bbbb

connect num[0]

username:a7

password:(PLAINT)bbbb

connect num[0]

username:a8

password:(PLAINT)bbbb

connect num[0]

username:a9

password:(PLAINT)bbbb

connect num[0]

Common Errors



No user name is configured.



No password is configured.



No top-level directory is configured.

7.5 Monitoring
Displaying
Description

Command

Displays the FTP server configuration.

show ftp-server

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the FTP server error events.

debug ftp-server err
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Debugs the FTP server message events.

debug ftp-server pro

8 Configuring FTP Client
8.1 Overview
The File Transfer Protocol (FTP) is an application of TCP/IP. By establishing a connection-oriented and reliable TCP connection between
the FTP client and server, a user can access a remote computer that runs the FTP server program.
An FTP client enables file transfer between a device and the FTP server over the FTP protocol. A user uses the client to send a
command to the server. The server responds to the command and sends the execution result to the client. By means of command
interaction, the user can view files in the server directory, copy files from a remote computer to a local computer, or transfer local files
to aremote computer.
FTP is intended to facilitate sharing of program/data files and encourage remote operation (by using programs). Users do not need to
be concerned with differences of different files systems on different hosts. Data is transmitted in an efficient and reliable manner. FTP
enables remote file operation securely.
FS FTP clients are different from standard FTP clients that run interactive commands. Instead, you enter the copy command in CLI to
perform control-connection instructions such as open, user, and pass. After a control connection is established, the file transfer
process starts, and then a data connection is established to upload or download files.
Old devices support TFTP. However, TFTP is used to transfer small files whereas FTP is used to transfer large files. Implementing
FTP on a device enables the file transfer between the local device and other clients or servers.
Protocols and Standards



RFC959: FILE TRANSFER PROTOCOL (FTP)

8.2 Applications
Application

Description

Uploading a Local File to a Remote

Local and remote files need to be shared, for example, uploading a local file to a remote

Server

server.

Downloading a File from a Remote
Server to a Local Device

Local and remote files need to be shared, for example, downloading a file from a remote
server to a local device.

8.2.1 Uploading a Local File to a Remote Server

Scenario
Localand remotefilesneed tobe shared, for example,uploading alocal filetoa remoteserver.
As shown in Figure 8- 1, resources are shared only on the Intranet.
Figure 8- 1
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Deployment



Implement only communication on the Intranet.



Enable file uploading on the FTP client.



Enable file uploading on the FTP server.

8.2.2 Downloading a File from a Remote Server to a Local Device

Scenario
Localand remotefiles need tobe shared, for example, downloading a file froma remote servertoalocal device.
As shown in Figure 8- 2, resources are shared only on the Intranet.
Figure 8- 2

Deployment



Implement only communication on the Intranet.



Enable file downloading on the FTP client.



Enable file downloading on the FTP server.

8.3 Features
Basic Concepts



Uploading FTP Files

Upload files from an FTP client to an FTP server.



Downloading FTP Files

Download files from an FTP server to an FTP client.



FTP Connection Mode

An FTP client and an FTP server can be connected in the active or passive mode.



FTP Transmission Mode

The transmission between an FTP client and an FTP server is available in two modes, namely, text (ASCII) and binary (Binary).



Specifying the Source Interface IP Address for FTP Transmission
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An FTP client is configured with a source IP address for communication with an FTP server.
Overview
Feature

Description

Uploading FTP Files

Uploads files from an FTP client to an FTP server.

Downloading FTP Files

Downloads files from an FTP server to an FTP client.

FTP Connection Mode

Specifies the connection mode between an FTP client and an FTP server.

FTP Transmission Mode

Specifies the transmission mode between an FTP client and an FTP server.

Specifying

Configures a source IP address of an FTP client for communication with an FTP server.

the

Source

Interface IP Address for FTP
Transmission
Checking FTP File Size

Disabling size check of files downloaded from an FTP server.

8.3.1 Uploading FTP Files

FTP enables file uploading. Start the FTP client and FTP server simultaneously, and upload files from the FTP client to the FTP server.
8.3.2 Downloading FTPFiles

FTP enables file downloading. Start the FTP client and FTP server simultaneously, and download files from the FTP server to the FTP
client.
8.3.3 FTP Connection Mode

FTP needs to use twoTCP connections: one isa control link (command link) that is used totransfer commands between the FTP client
and server; the other one is a data link that is used to upload or download data.
1.

Control connection: Some simple sessions are enabled with the control connection only. A client sends a command to a server.
After receiving the command, the server sends a response. The process is shown in Figure 8- 3.

Figure 8- 3 Control Connection

2.

Control connection and data connection: When a client sends a command for uploading or downloading data, both the control
connection and data connection need to be established.

FTP supports two data connection modes: active (PORT) and passive (PASC). The two modes are different in establishing a data
connection.



Active mode

In this mode, an FTP server connects to an FTP client actively when a data connection is established. This mode comprises four steps:
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1.

The client uses source port 5150 to communicate with the server through port 21 as shown in Figure 1-1 to send a connection
request and tell the server that the port to be used is port 5151.

2.

Afterreceiving therequest,the serversends a response OK(ACK).The client and serverexchanges control signalingby console
ports.

3.

The server enables port 20 as the source port to send data to port 5151 of the client.

4.

The client sends a response. Data transmission ends.

Figure 8- 4 Active (PORT) Mode



Passive mode

Figure 8- 5 Passive (PASV) Mode

This mode is often set by the passive command.When a data connection is established, the FTP server is connected to the FPT client
passively. This mode comprises four steps:
1.

In the passive mode, the client initializes the control signaling connection. The client uses source port 5150 to connect to the
server through port 21 as shown in Figure 1-5, and runs the passive command to request the server to enter the PASVmode.

2.

The server agrees to enter the PASVmode, selects a port number greater than 1024 at random, and tells the port number to the
client.

3.

After receiving the message, the client uses port 5151 as shown in Figure 1-5 to communicate with the server through port 3268.
Here, port 5151 is the source port and port 3268 is the destination port.

4.

After receiving the message, the server sends data and responds an ACK(OK) response.
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After the data connection is established, you can perform file uploading and downloading. Besides, you can perform some operations
on the server file from the client.
The control connection for command and feedback transmission is always present whereas the data connection is established
as required. Only an FTP client has the right to select and set the PASV or PORT mode. The FTP client sends a command to
establish a data connection. FS FTP clients use the PASV mode by default.
8.3.4 FTP TransmissionMode

FTP provides two transmission modes: text (ASCII) and binary (Binary). At present, FS FTP clients support both the ASCII and Binary
modes and use the BINARY mode by default.



ASCII mode

The difference between the ASCII and Binary modes lies in carriage return and line feed processing. In ASCII mode, carriage return and
line feed are changed to a local Carriage Return Character (CRC), for example, \n in Unix, \r\n in Windows, and \r in Mac.



Binary mode

The Binary mode can be used to transfer executable files, compressed files and image files without processing data. For example, a
text file needs to be transferred from Unix to Windows. When the Binary mode is used, the line breaks in Unix will not be converted
from \r to \r\n; therefore in Windows, this file has no line feeds and displays many black squares. Therefore, Binary mode facilitates
faster transfer of all files and more reliable transfer of ASCII files.
8.3.5 Specifying the Source Interface IP Address for FTP Transmission

An FTP client is configured with a source IP address for communication with an FTP server. In this way, the FTP client connects to the
server and shares files with the server through the specified source IP address.

8.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure the functions of an FTP client.

Configuring Basic Functions

copy flash

Uploads a file.

copy ftp

Downloads a file.

(Optional) It is used to configure the working mode of the FTP client.

Configuring Optional Functions

ftp-client port

Sets the connection mode to active (port).

ftp-client ascii

Sets the transmission mode to ASCII.

ftp-client source-address

Configures the source IP address of the FTP
client.
Restores

default ftp-client

the

default

settings,

namely,

connection mode set to passive (PASV),
transmission mode to Binary and source IP
address removed.

ftp-client disable-size-check
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8.4.1 Configuring Basic Functions

Configuration Effect



Implement file uploading and downloading.

Notes



Pay attention to the command formats for uploading and downloading.

Configuration Steps



Uploading a File



This configuration is mandatory when a file needs to be uploaded.



Configure the FTP URL as the destination address of copy in Privileged EXEC mode.



Downloading a File



This configuration is mandatory when a file needs to be downloaded.



Configure the FTP URL as the source address of copy in Privileged EXEC mode.

Verification



Check whether the uploaded file exists on the FTP server.



Check whether the downloaded file exists at the destination address.

Related Commands



Uploading a File

Command

copy flash:[ local-directory/ ]local-file
ftp: //username:password@dest-address[ /remote-directory ]/remote-file

Parameter

local-directory: Specifies a directory on the local device. If it is not specified, it indicates the current directory.

Description

local-file: Specifies a local file to be uploaded.
username: Specifies a user name for accessing the FTP server, consisting of no more than 32 bytes and excluding
delimiters such as /, :, @ and space. This parameter is mandatory.
password: Specifies a password for accessing the FTP server, consisting of no more than 32 bytes and excluding
delimiters such as /, :, @ and space. This parameter is mandatory.
dest-address: Specifies an IP address for the FTP server.
remote-directory:Specifiesadirectoryontheserver.
remote-file: Renames the file on the server.
The directory specified by the local-directory field must have been created on the device. This command will
not automatically create a directory.

Command

Global configuration mode

Mode
Usage Guide



Run this command to upload a file from the flash of a local device to an FTP server.

Downloading an FTP File
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Command

copy ftp://username:password@dest-address[ /remote-directory ]/remote-file
flash:[ local-directory/ ]local-file

Parameter

username: Specifies a user name for accessing the FTP server, consisting of no more than 32 bytes and excluding

Description

delimiters such as /, :, @ and space. This parameter is mandatory.
password: Specifies a password for accessing the FTP server, consisting of no more than 32 bytes and excluding
delimiters such as /, :, @ and space. This parameter is mandatory.
dest-address: Specifies an IP address for the FTP server.
remote-directory:Specifiesadirectoryontheserver.
remote-file: Specifies a file to be downloaded.
local-directory: Specifies a directory on the local device. If it is not specified, it indicates the current directory.
local-file: Renames the file in the local flash.
The directory specified by the local-directory field must have been created on the device. This command will
not automatically create a directory.

Command

Global configuration mode

Mode
Usage Guide

Run this command to download a file from an FTP server to the flash of a local device.

Configuration Example



Uploading a File

Configuration
Steps

Upload the local-file file in the home directory of a device to the root directory of an FTP server whose user name is
user, password is pass and IP address is 192.168.23.69 and name the file as remote-file.
FS# copy flash: home/local-file ftp://user:pass@192.168.23.69/root/remote-file

Verification



Check whether the remote-file file exists on the FTP server.

Downloading a File

Configuration
Steps

Download the remote-file file from the root directory of an FTP server whose user name is user, password is pass
and IP address is 192.168.23.69 to the home directory of a device and save the file as local-file.
FS# copy ftp://user:pass@192.168.23.69/root/remote-file flash: home/local-file

Verification

Check whether the remote-file file exists in the home directory of the flash.

Common Errors



The command formats for uploading and downloading are incorrect.



The user name or password is incorrect.

8.4.2 Configuring Optional Functions

Configuration Effect



Set the connection and transmission modes and configure a source IP address of the client for file uploading and download.
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Notes



If an FTP client needs to be configured based on VRF, specify a VRF first.

Configuration Steps



Setting the Connection Mode to Active (Port)



Optional.



Configure the connection mode of FTP.



Setting the Transmission Mode to ASCII



Optional.



Configure the transmission mode of FTP.



Configuring the Source IP Address of the FTP Client



Optional.



Configure the source IP address of the FTP client.



Restoring the Default Settings



Optional.



Restore the default settings of the FTP client.

Verification
Run the show run command to check whether the configuration takes effect.
Related Commands



Setting the Connection Mode to Active (Port)

Command

ftp-client [ vrf vrf-name ] port

Parameter

vrf vrf-name: Specifies a VRF.

Description
Command

Global configuration mode

Mode
Usage Guide



Run this command to set the connection mode to active (port). The default connection mode is passive (PASV).

Configuring the Source IP Address of the FTP Client

Command

ftp-client [ vrf vrfname ] source-address {ip-address | ipv6-address}

Parameter

vrf vrf-name: Specifies a VRF.

Description

ip-address: Specifies the IPv4 address of a local interface.
ipv6-address: Specifies the IPv6 address of a local interface.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure an interface IP address of the client for connection to the server. By default, the client
is not configured with a local IP address. Instead, the route selects an IP address for the client.
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Setting the Transmission Mode to ASCII

Command

ftp-client [ vrf vrf-name ] ascii

Parameter

vrf vrf-name: Specifies a VRF.

Description
Command

Global configuration mode

Mode
Usage Guide



Run this command to set the transmission mode to ASCII. The default transmission mode is Binary.

Restoring the Default Settings

Command

default ftp-client [ vrf vrf-name ]

Parameter

vrf vrf-name: Specifies a VRF.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to restore the default settings, namely, connection mode set to passive (PASV), transmission
mode to Binary and source IP address removed.



Disabling Size Check of FTP Files

Command

ftp-client disable-size-check

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to disable size check of FTP files downloaded from an FTP server.

Configuration Example



Configuring Optional Functions

Configuration



Set the connection mode of FTP to port.

Steps



Set the transmission mode to ASCII.



Setthesource IP address to192.168.23.167.



Set the connection mode of vrf 123 to port.



Set the transmission mode of vrf 123 to ASCII.

FS# configure terminal
FS(config)# ftp-client ascii
FS(config)# ftp-client port
FS(config)# ftp-client source-address 192.168.23.167
FS(config)# ftp-client vrf 123 port
FS(config)# ftp-client vrf 123 ascii
FS(config)# end
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Verification

Run the show run command onthe deviceto checkwhether the configuration takes effect.
FS# show run

!
ftp-client ascii
ftp-client port
ftp-client source-address 192.168.23.167
!
Common Errors



The source IP address is not a local IP address.



Before configuring the ftp-client vrf command, configure the vrf command.

8.5 Monitoring
Displaying
Description

Command

Displays the FTP client configuration.

show run

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the FTP Client.

debug ftp-client

9 Configuring Tunnel Interfaces
9.1 Overview
Tunnel interfaces are virtual interfaces used to implement tunneling. A tunnel interface provides a standard transmission link and you
do not need to specify a transport protocol or payload protocol. Each tunnel interface represents a transmission link.
Tunneling function includes the following parts:



Payload protocol: Is used to encapsulate the data transmitted in tunnels. For example, the IPv4 and IPv6 protocols work as
payload protocols. Generic routing encapsulation (GRE) tunnels can carry IPv4 or IPv6 data.



Bearer protocol: Is used for secondary encapsulation and identification of the data to be transmitted. Among the tunnels
describedinthisdocument, only the GREtunnel uses a bearer protocol, that is,theGRE protocol.The other tunnels usetheIPv4
and IPv6 protocols. Packets are encapsulated with outer IPv4 and IPv6 headers.



Transport protocol: Is used to transmit the data encapsulated for the second time through a bearer protocol. FS products use
the widely applied IPv4 and IPv6 protocols as transport protocols.
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The tunnel mode can be used to set up communication between two private networks running the same protocol through a
heterogeneous public network.
Tunneling is applicable to the following scenarios:



Because tunneling supports different payload protocols, it allows the communication between local networks running non-IP
protocols through a single network (IP network). Because tunneling operates on routes running transport protocols (IP
protocols), it allows wider application of the protocols with hop limit.



Tunneling allows discrete subnets to be connected through a single network (IP network).



Tunneling allows the virtual private network (VPN) feature to be enabled on wide area networks (WANs).

Encapsulated data is transmitted through tunnels, which is a complex process. In some cases, you need to pay attention to the
following changes:



Because a tunnel is a logical link, it appears to be a single hop in routing. However, actually its path cost may be more than one
hop. When you use a tunnel for transmission, note that the route of the tunnel link is different from the actual route.



When you configure a firewall or an access control list (ACL), take the tunnel configuration into consideration. The transmission
bandwidth and maximum transmission unit (MTU) allowed by payload protocols are smaller than the theoretical values.

Protocols and Standards



RFC2784: Generic Routing Encapsulation (GRE)



RFC2890: Key and Sequence Number Extensions to GRE



RFC3056: Connection of IPv6 Domains via IPv4 Clouds



RFC3068: An Anycast Prefix for 6to4 Relay Routers



RFC3964: Security Considerations for 6to4



RFC4023: Encapsulating MPLS in IP or Generic Routing Encapsulation (GRE)



RFC4087: IPTunnel MIB



RFC4213: Basic Transition Mechanisms for IPv6 Hosts and Routers



RFC4797:Use ofProviderEdge to Provider Edge (PE-PE) Generic Routing Encapsulation (GRE) or IP inBGP/MPLS IP VirtualPrivate
Networks



RFC5158: 6to4 Reverse DNS Delegation Specification



RFC5214: Intra-Site Automatic Tunnel Addressing Protocol (ISATAP)



RFC5332: MPLS Multicast Encapsulations



RFC5579: Transmission of IPv4 Packets over Intra-Site Automatic Tunnel Addressing Protocol (ISATAP) Interfaces



RFC5845: Generic Routing Encapsulation (GRE) Key Option for Proxy Mobile IPv6



RFC6245: Generic Routing Encapsulation (GRE) Key Extension for Mobile IPv4



RFC6343: Advisory Guidelines for 6to4 Deployment



RFC6372: 6to4 Provider Managed Tunnels



draft-zhou-dhc-gre-option-00 DHCPv4 and DHCPv6 options for GRE



draft-templin-v6ops-isops-18 Operational Guidance for IPv6 Deployment in IPv4 Sites using ISATAP
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9.2 Applications
Application

Description

Accessing the IPv6 Sites on a Campus Accesses the IPv6 sites on a campus network.
Network
Connecting a Campus Network to an

Connects a campus network to an IPv6 backbone network.

IPv6 Backbone Network
9.2.1 Accessing the IPv6 Sites on a Campus Network

Scenario
IPv6 servers are deployed on some campus networks, and PCs need to access the servers. The Intra-Site Automatic Tunnel Addressing
Protocol (ISATAP) can be used to realize the access.
Figure 9-1

Remarks

ISATAP-RELAY supports tunneling. Users on the campus network can access IPv4 servers directly through the IPv4 network,
but need to access IPv6 servers through the ISATAP tunnel.

Deployment



IPv4 and IPv6 users access the IPv4 network by using IPv4 addresses.



IPv4 and IPv6 users access the IPv6 network through the ISATAP tunnel.



The ISATAP tunnel is established between PCs and the ISATAP-RELAY router.

9.3 Configuration
Configuration

Description and Command
(Mandatory) It is used to create tunnels.

Configuring Tunnel Interfaces

Configuring a Tunnel Mode

Interface tunnel

Creates a tunnel interface.

tunnel source

Configures the local address of a tunnel.

(Optional) It is used to configure a tunnel mode.
tunnel mode

Configuring a Local Address

(Optional) It is used to configure the local address of a tunnel.
tunnel source
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Configuration

Description and Command
(Optional) It is used to configure the peer address of a tunnel.

Configuring a Peer Address

tunnel destination

Configures the peer address of a tunnel.

(Optional) It is used to configure the type of service (TOS) of a tunnel.

ConfiguringtheTOS of aTunnel

tunnel tos

Configures the TOS of a tunnel.

(Optional) It is used to configure the time to live (TTL) of a tunnel.

Configuring the TTL of a Tunnel

tunnel ttl

Configures the TTL of a tunnel.

9.3.1 Configuring Tunnel Interfaces

Configuration Effect



Create a tunnelinterface.

Configuration Steps



Creating a Tunnel Interface



Run the interface tunnel number command in global configuration mode to create a tunnel interface.



The tunneling service is available only after a tunnel interface is created.

Verification



Run the show interfaces tunnel number command to check whether the tunnel interface is created successfully.

Related Commands



Configuring a Tunnel Interface

Command

interface tunnel number

Parameter

number: Indicates the number of a tunnel interface.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Checking the Tunnel Configuration

Command

show interfaces tunnel number

Parameter

number: Indicates the number of a tunnel interface.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Creating a Tunnel Interface
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Configuration



Create a tunnel interface.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# end

Verification



Check the configuration of the tunnel interface.

FS# show interfaces tunnel 1
……
Tunnel attributes:
……
Tunnel protocol/transport is gre ip
Common Errors



A tunnel interface cannot be created due to memory deficiency.



A tunnel interface cannot be created due to insufficient hardware resource deficiency.

9.3.2 Configuring a TunnelMode

Configuration Effect



Configure a tunnel encapsulation mode in tunnel interface configuration mode when you need to use a tunnel in non-default
encapsulation mode.

Configuration Steps



Configuring a Tunnel Mode



Optional.



The default encapsulation mode for switches is tunnel mode ipv6ip.



To change the default encapsulation mode, run the tunnel mode command in tunnel interface configuration mode.

Verification



Run the show interfaces tunnel number command to check whether the tunnel encapsulation mode is configured.

Related Commands



Configuring a Tunnel Mode

Command

tunnel mode { gre {ip | ipv6} | ipv6 | ipip | ipv6ip [6to4 | isatap ] }

Parameter

Each mode corresponds to different encapsulation format of the packets sent out by the tunnel interface.

Description

gre ip indicates that a packet is encapsulated with a GRE header and an IPv4 header in sequence and then is
transmitted over a new IPv4 network.
gre ipv6 indicates that a packet is encapsulated with a GRE header and an IPv6 header in sequence and then is
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transmittedoveranewIPv6network.
ipv6 indicates that a packet sent out by the tunnel interface is encapsulated with an IPv6 header and then
transmitted over a new IPv6 network.
ipip indicates that the tunnel interface carries only IPv4 packets and a packet sent out by the tunnel interface is
encapsulated with an IPv4 header and then transmitted over a new IPv4 network.
ipv6ip indicates that the tunnel interface carries only IPv6 packets and a packet sent out by the tunnel interface is
encapsulated with an IPv4 header and then transmitted over a new IPv4 network.
The preceding tunnels are manual tunnels, whereas IPv6IP,6to4, and ISATAPare automatic tunnels. During packet
encapsulation, the destination IPv4 address is mapped from the destination IPv6 address.
Command

Interface configuration mode

Mode
Usage Guide

Both ends of a tunnel must be configured with the same encapsulation mode. Otherwise, the tunnel cannot work.

Configuration Example



Configuring the IPv4 over IPv4 Encapsulation Mode

Configuration



Configure the IPv4 over IPv4 encapsulation mode on a tunnel interface.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# tunnel mode ipip
FS(config)# end

Verification



Check the configuration of the tunnel interface.

FS# show interfaces tunnel 1
……
Tunnel attributes:
……
Tunnel protocol/transport is ipv6ip
Common Errors



A 6to4 tunnel or ISATAPtunnel is configured for a virtual routing and forwarding (VRF) instance that is already configured with a
6to4/ISATAP tunnel.

9.3.3 ConfiguringaLocal Address

Configuration Effect



Configure the local address of a tunnel.

Notes
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The local address of a tunnel must match the transport protocol used by the tunnel. Otherwise, the tunnel interface will not be
up (be disabled).



When the local address is specified indirectly by configuring another interface, the local address is the primary IPv4 address or
the first global public IPv6 address of IPv6.

Configuration Steps



Configuring a Local Address



Mandatory.



Run the tunnel source command in tunnel interface configuration mode to specify the local address of a tunnel.

Verification



Run the show interfaces tunnel number command to display the local address of the tunnel.

Related Commands



Configuring a Local Address

Command

tunnel source { ip-address | interface-name interface-number }

Parameter

ip-address: Indicates an IPv4 or IPv6 address.

Description

Interface-name interface-number: Indicates a Layer-3 interface.

Command

Interface configuration mode

Mode
Usage Guide

If you specify an IPv4 or IPv6 address directly, you need to configure the address of the device.

Configuration Example



Configuring a Local Address

Configuration



Configure the local address of a tunnel as 1.1.1.1.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# tunnel mode ipv6ip
FS(config-if-Tunnel 1)# tunnel source 1.1.1.1

Verification



Check the configuration of the tunnel interface.

FS# show interfaces tunnel 1
……
Tunnel attributes:
Tunnel source 1.1.1.1, destination UNKNOWN, unrouteable
Tunnel TOS/Traffic Class not set, Tunnel TTL 254
Tunnel config nested limit is 0, current nested number is 0
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Tunnel protocol/transport ipv6ip
Tunnel transport VPN is no set
……

9.3.4 Configuring a Peer Address

Configuration Effect



A manual tunnel can be used (the tunnel interface is up) only after its peer address is configured.

Notes



Peer addresses cannot be configured for automatic tunnels.

Configuration Steps



Configuring a Peer Address



The peer addresses must be configured for all tunnels except 6to4, and ISATAP tunnels.



Run the tunnel destination command in interface configuration mode to configure the peer address of a tunnel.

Verification



Run the show interfaces tunnel command to check whether the destination address is configured.

Related Commands



Configuring a Peer Address

Command

tunnel destination { ip-address }

Parameter

ip-address: Indicates an IPv4 or IPv6 address.

Description
Command

Interface configuration mode

Mode
Usage Guide

The peer address of a manual tunnel must be configured.
The protocol suite type of the configured peer address must be consistent with the transport protocol used by the
tunnel. If they are not consistent, the tunnel interface will be disabled (down).

Configuration Example



Configuring a Peer Address

Configuration



Configure the peer address of a tunnel as 2.2.2.2.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# tunnel mode ipv6ip
FS(config-if-Tunnel 1)# tunnel destination 2.2.2.2
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Verification



Check the configuration of the tunnel interface.

FS# show interfaces tunnel 1
……
Tunnel attributes:
Tunnelsource:UNKNOWN, destination2.2.2.2,unrouteable
Tunnel TOS/Traffic Class not set, Tunnel TTL 254
Tunnel confignested limitis 0, current nested number is 0
Tunnel protocol/transport ipv6ip
……
Common Errors



A peer address is configured for an automatic tunnel.



The peer address configured for a tunnel is the same as that of another tunnel.

9.3.5 Configuring the TTL of a Tunnel

Configuration Effect



Specify the TTL or hop limit of tunnel encapsulation protocol headers.

Configuration Steps



Configuring the TTL of a Tunnel



Optional.



By default, the TTL is 254.



To change the tunnel link length limit, run the tunnel ttl command.

Verification



Run the show interfaces tunnel command to check whether the TTL is configured.

Related Commands



Configuring the TTL of a Tunnel

Command

tunnel ttl hop-limit

Parameter

hop-limit: Indicates the hop limit of a tunnel.

Description
Command

Global configuration mode

Mode
Usage Guide

The hop limit specifies the maximum number of routers that a packet can pass through. The default value is 254. This
command is used to change the hop quantity limit.

Configuration Example



Configuring the TTL of a Tunnel
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Configuration



Configure the TTL of a tunnel.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# tunnel mode ipv6ip
FS(config-if-Tunnel 1)# tunnel ttl 3

Verification



Check the configuration of the tunnel interface.

FS# show interfaces tunnel 1
……
Tunnel attributes:
Tunnel source 1.1.1.1, destination UNKNOWN, unrouteable
Tunnel TOS/Traffic Class 0x2, Tunnel TTL 3
Tunnel confignested limitis 0, current nested number is 0
Tunnel protocol/transport ipv6ip
Tunnel transport VPN is VPN1

9.3.6 Configuring the TOS of a Tunnel

Configuration Effect



Specify the TOS or Traffic Class field in the transport protocol header.

Notes



If the TOS or Traffic Class field in the transport protocol header is not specified, the TOS or Traffic Class field of the protocol is
copied to the header.

Configuration Steps



Configuring the TOS of a Tunnel



Optional.



To change the priority of tunnel data on a network, run the tunnel tos command in interface configuration mode.

Verification



Run the show interfaces tunnel command to check whether the TOS is configured.

Related Commands



Configuring the TOS of a Tunnel

Command

tunnel tos number

Parameter

number: Indicates the TOS of a tunnel.

Description
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Command

Interface configuration mode

Mode
Usage Guide

By default, if the IPv4 protocol is used for the inner bearer and outer encapsulation in a tunnel, the TOS bytes in the
inner IPv4 header are copied to the outer IPv4 header. If the IPv6 protocol is used for the inner bearer and outer
encapsulation in a tunnel, the Traffic Class 8 bit in the inner IPv6 header is copied to the outer IPv6 header. In other
cases, the TOS field in the outer IPv4 header and the Traffic Class field in the IPv6 header are 0.

Configuration Example



Configuring the TOS of a Tunnel

Configuration



Configure the TOS of a tunnel.

Steps
FS# configure terminal
FS(config)# interface tunnel 1
FS(config-if-Tunnel 1)# tunnel mode ipv6ip
FS(config-if-Tunnel 1)# tunnel tos 2

Verification



Check the configuration of the tunnel interface.

Tunnel source 1.1.1.1, destination UNKNOWN, unrouteable
Tunnel TOS/Traffic Class 0x2, Tunnel TTL 254
Tunnel confignested limitis 0, current nested number is 0
Tunnel protocol/transport ipv6ip
Tunnel transport VPN is VPN1
……

9.4 Monitoring
Displaying
Description

Command

Displays the information about a tunnel show interfaces tunnel number
interface.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Enables tunnel interface debugging.

debug tunnel
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10 Configuring Network Communication Test Tools
10.1 Overview
Network communication test tools can be used to check the connectivity of a network and helps you analyze and locate network
faults.NetworkcommunicationtesttoolsincludePacket InternetGroper (PING)andTraceroute.Ping isusedtochecktheconnectivity
and delay of a network. A greater delay indicates a slower network speed. Traceroute helps you learn about the topology of physical
and logical links and transmission rate. On a network device, you can run the ping and traceroute commands to use the two tools
respectively.
Protocols and Standards



RFC792: Internet Control Message Protocol



RFC4443: Internet Control Message Protocol (ICMPv6) for the Internet Protocol Version 6 (IPv6) Specification

10.2 Applications
Application

Description

End-to-End Connectivity Test

Both the network device and the destination host are connected to the IP network and
configured with IP addresses.

Host Route Test

Both the network device and the destination host are connected to the IP network and
configured with IP addresses.

10.2.1 End-to-End Connectivity Test

Scenario
As shown in Figure 10- 1, Network Device A and Target Host B are connected to the IP network.
If both the network device and the target host are connected to the IP network, the end-to-end connectivity test aims to check
whether IP packets can be transmitted between the two ends. The target host can be the network device itself. In this case, the
connectivity test aims to check the network interface and TCP/IP configurations on the device.
Figure 10- 1

Deployment
Execute the ping function on the network device.
10.2.2 Host Route Test

Scenario
As shown in Figure 10- 2, Network Device A and Target Host B are connected to the IP network.
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If both the network device and the target host are connected to the IP network, the host route test aims to check gateways (or routers)
that IP packets pass through between the two ends. Generally, the target host is not within the same IP network segment as the
network device.
Figure 10- 2

Deployment
Execute the traceroute function on the network device.

10.3 Features
Overview
Feature

Description

Ping Test

Testwhether the specified IPv4 or IPv6 address is reachable and display the related information.

Traceroute Test

Display the gateways that IPv4 or IPv6 packets pass through when transmitted from the source to
the destination.

10.3.1 Ping Test

Working Principle
The ping tool sends an Internet Control Message Protocol (ICMP) Request message tothedestination host torequestthe for an ICMP
Echo Reply message. In this way, the ping tool determines the delay and the connectivity between the two network devices.
Related Configuration



Run the pingcommand.

10.3.2 Traceroute Test

Working Principle
The traceroute tool uses the Time ToLive (TTL) field in the headers of the ICMP and IP messages for the test First, the traceroute tool
onthe network devicesends anICMP Request message withTTL 1to the destinationhost.After receiving themessage, the firstrouter
on the path decreases theTTL by 1. As theTTL becomes 0, the router drops the packets and returns an ICMP time exceeded message
to the network device. After receiving this message, the traceroute tool learns that this router exists on this path, and then sends an
ICMP Request packet withTTL 2 to the destination host to discover the second router. Each time the traceroute tool increases theTTL
in the ICMP Request message by 1 to discover one more router. This process is repeated until a data packet reaches the destination
host. After the packet reaches the destination host, the host returns an ICMP Echo message instead of an ICMP time exceeded
message to the network device. Then, the traceroute tool finishes the test and displays the path from the network device to the
destination host.
Related Configuration



Run the traceroute command.
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10.4 Configuration
Configuration

Description and Command
(Optional) It is used to check whether an IPv4 or IPv6 address is reachable.

Ping Test
ping

Executes the Ping function.
(Optional) It is used to display the gateways that IPv4 or IPv6 packets pass through when
transmitted from the source to the destination.

Traceroute Test

traceroute

Executes the traceroute function.

10.4.1 Ping Test

Configuration Effect
After conducting a ping test on a network device, you can learn whether the network device is connected to the destination host and
whether packets can be transmitted between the network device and the destination host.
Notes
The network device must be configured with an IP address.
Configuration Steps



To check whether an IPv4 address is reachable, use the ping IPv4 command.



To check whether an IPv6 address is reachable, use the ping IPv6 command.

Verification
Run the ping command to display related information on the command line interface (CLI) window.
Related Commands



Ping IPv4

Command

ping[oob| vrf vrf-name | ip][address[viamgmt-name ][lengthlength ][ntimes times][timeout seconds][data data]
[source source] [df-bit] [validate] [detail] [interval millisecond]]

Parameter

oob: Indicates out-of-band management. This parameter must be configured if the MGMT port is specified as the

Description

source port.
vrf-name: Indicates the VPN routing and forwarding (VRF) name.
address: Specifies the destination IPv4 address or domain name.
mgmt-name: Specifies the MGMT port in OOB mode.
length: Specifies the length of the data packet. The value ranges from 36 to 18,024. The default length is 100.
times: Specifies the number of probes. The value ranges from 1 to 4,294,967,295
seconds: Specifies the timeout. The value ranges from 1s to 10s.
data: Specifies the data in the packet. The data is a string of 1 to 255 bytes. By default, the string is "abcd".
source: Specifiesthe sourceIPv4 address or source port of thepacket.The loopback interfaceaddress, for example,
127.0.0.1, cannot be used as the source address.
df-bit: Configures the DF bit of the IP address. When the DF bit is set to 1, the packet is not fragmented. By default,
the DF bit is 0.
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validate: Configures whether to verify the response packet.
detail:

Configures whether to display the Echo Reply message in detail. By default, only the exclamation mark (!)

and dot (.) are displayed.
millisecond: Specifies the interval at which the ping packet is sent. The value ranges from 10 ms to 300,000 ms. The
default interval is 100 ms.
Command

In User EXEC mode, you can execute only the basic ping function. In Privileged EXEC mode, you can execute the

Mode

extended ping function.
In other configuration modes, you can run the do command to execute the extended ping function. For details about
the configuration, see the description about the do command.

Configuration

When the ping function is executed, information about the response (if any) will be displayed, and then related

Usage

statistics will be output. Using the extended ping function, you can specify the number, length and timeout of
packets to be sent. Like the basic ping function, related statistics will be output.
Touse the domain name, you mustfirst configure the domain name server (DNS). Fordetails about the configuration,
see Configuring DNS.



Ping IPv6

Command

ping [vrf vrf-name | [oob] ipv6] [address [ via mgmt-name ] [length length ] [ntimes times] [timeout seconds] [data
data] [source source] [detail] [interval millisecond] [out-interface interface]]

Parameter

oob: Indicates out-of-band management. This parameter must be configured if the MGMT port is specified as the

Description

source port.
vrf-name: Indicates the VRF name.
address: Specifies the destination IPv6 address or domain name.
mgmt-name: Specifies the MGMT port in OOB mode.
length: Specifies the length of data packet. The value ranges from 16 to 18,024. The default length is 100.
times: Specifies the number of probes. The value ranges from 1 to 4,294,967,295.
seconds: Specifies the timeout. The value ranges from 1s to 10s.
data: Specifies the data in the packet. The data is a string of 1 to 255 bytes.
source: Specifies the source IPv6 address or source port of the packet. The loopback interface address, for
example, ::1, cannot be used as the source address.
detail: Configures whether todisplay the Echo Reply message in detail. By default, only the exclamation mark (!)and
dot (.) are displayed.
millisecond: Specifies the interval at which the ping packet is sent. The value ranges from 10 ms to 300,000 ms. The
default interval is 100 ms.

Command

In User EXEC mode, you can execute only the basic ping IPv6 function. In Privileged EXEC mode, you can execute the

Mode

extended ping IPv6 function.
In other configuration modes, you can run the do command to execute the extended ping function. For details about
the configuration, see the description about the do command.

Configuration

When the ping IPv6 function is executed, information about the response (if any) will be displayed, and then related

Usage

statistics will be output.
Using the extended ping IPv6 function, you can specify the number, length and timeout of packets to be sent. Like
the basic ping IPv6 function, related statistics will be output.
Tousethe domain name, youmustfirstconfiguretheDNS. Fordetails about theconfiguration, seeConfiguringDNS.

Configuration Example
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Executing the Common Ping Function

Configuration

In Privileged EXEC mode, run the ping 192.168.21.26 command.

Steps
Common ping command:
FS# ping 192.168.21.26
Sending 5, 100-byte ICMP Echoes to 192.168.21.26, timeout is 2 seconds:
< press Ctrl+C to break >
!!!!!
Successrateis100percent(5/5),round-tripmin/avg/max=1/2/10ms
Detailed ping command:
FS#ping 192.168.21.26 detail
Sending 5, 100-byte ICMP Echoes to 192.168.21.26, timeout is 2 seconds:
< press Ctrl+C to break >
Reply from 192.168.21.26: bytes=100 time=4ms TTL=64
Reply from 192.168.21.26: bytes=100 time=3ms TTL=64
Reply from 192.168.21.26: bytes=100 time=1ms TTL=64
Reply from 192.168.21.26: bytes=100 time=1ms TTL=64
Reply from 192.168.21.26: bytes=100 time=1ms TTL=64

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/2/4 ms.
Verification

Send five 100-byte packets to the specified IP address, and the response information will be displayed in the
specified time (2s by default). Finally the statistics is output.



Executing the Extended Ping Function

Configuration

In Privileged EXEC mode, run the ping 192.168.21.26 command. In addition, specify the length, number, and

Steps

timeout of the packets.
Common ping command:
FS# ping 192.168.21.26 length 1500 ntimes 100 data ffff source 192.168.21.99 timeout 3
Sending 100, 1500-byte ICMP Echoes to 192.168.21.26, timeout is 3 seconds:
< press Ctrl+C to break >
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Success rate is 100 percent (100/100), round-trip min/avg/max = 2/2/3 ms
Detailed ping command:
ping 192.168.21.26 length 1500 ntimes 20 data ffff source 192.168.21.99 timeout 3 detail
Sending 20, 1500-byte ICMP Echoes to 192.168.21.26, timeout is 3 seconds:
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< press Ctrl+C to break >
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=2ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=3ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64
Reply from 192.168.21.26: bytes=1500 time=1ms TTL=64

Success rate is 100 percent (20/20), round-trip min/avg/max = 1/1/3 ms.

Verification

Send twenty 1500-byte packets to the specified IP address, and the response information (if any) will be displayed in
the specified time (3s by default). Finally the statistics is output.



Executing the Common Ping IPv6 Function

Configuration

In Privileged EXEC mode, run the ping ipv6 2001::1 command.

Steps
Common ping command:
FS# ping ipv6 2001::1
Sending 5, 100-byte ICMP Echoes to 2001::1, timeout is 2 seconds:
< press Ctrl+C to break >
!!!!!
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Success rate is 100 percent (5/5), round-trip min/avg/max = 1/2/10 ms

Detailed ping command:
FS#ping 2001::1 detail
Sending 5, 100-byte ICMP Echoes to 2001::1, timeout is 2 seconds:
< press Ctrl+C to break >
Reply from 2001::1: bytes=100 time=1ms
Reply from 2001::1: bytes=100 time=1ms
Reply from 2001::1: bytes=100 time=1ms
Reply from 2001::1: bytes=100 time=1ms
Reply from 2001::1: bytes=100 time=1ms

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/1/1 ms.

Verification

Send five 100-byte packets to the specified IP address, and the response information will be displayed in the
specified time (2s by default). Finally the statistics is output.



Executing the Extended Ping IPv6 Function

Configuration

In Privileged EXEC mode, run the ping ipv6 2001::5 command. In addition, specify the length, number, and timeout

Steps

of the packets.
Common ping command:
FS# ping ipv6 2001::5 length 1500 ntimes 100 data ffff source2001::9timeout 3
Sending 100, 1500-byte ICMP Echoes to 2000::1, timeout is 3 seconds:
< press Ctrl+C to break >
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Success rate is 100 percent (100/100), round-trip min/avg/max = 2/2/3 ms
Detailed ping command:
FS#ping 2001::5 length 1500 ntimes 10 data ffff source 2001::9 timeout 3
Sending10,1500-byte ICMPEchoesto2001::5,timeoutis3seconds:
< press Ctrl+C to break >
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
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Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms
Reply from 2001::5: bytes=1500 time=1ms

Success rate is 100 percent (10/10), round-trip min/avg/max = 1/1/1 ms.
Verification

Send one hundred 1500-byte packets to the specified IPv6 address, and the response information (if any) will be
displayed in the specified time (3s by default). Finally the statistics is output.

10.4.2 Traceroute Test

ConfigurationEffect
After conducting a traceroute test on a network device, you can learn about the routing topology between the network device and
the destination host, and the gateways through which packets are sent from the network device to the destination host.
Notes
The network device must be configured with an IP address.
Configuration Steps



Totrace the route an IPv4 packet would follow tothe destination host, run the traceroute IPv4 command.



Totrace the route an IPv6 packet would follow tothe destination host, run the traceroute IPv6 command.

Verification
Run the traceroute command to display related information on the CLI window.
Related Commands



Traceroute IPv4

Command

traceroute[oob | vrf vrf-name |ip][adress[ viamgmt-name ][probe number ][source source][timeout seconds] [ttl
minimum maximum]]

Parameter

oob: Indicates out-of-band management. This parameter must be configured if the MGMT port is specified as the

Description

source port.
vrf-name: Indicates the VRF name.
address: Specifies the destination IPv4 address or domain name.
mgmt-name: Specifies the MGMT port in OOB mode.
number: Specifies the number of probes. The value ranges from 1 to 255.
source: Specifiesthe sourceIPv4 address or source port of thepacket.The loopback interfaceaddress, for example,
127.0.0.1, cannot be used as the source address.
seconds: Specifies the timeout. The value ranges from 1s to 10s.
minimum maximum: Specifies the minimum and maximum TTL values. The value ranges from 1 to 255.
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Command

In User EXEC mode, you can execute only the basic traceroute function. In privileged EXEC mode, you can execute

Mode

the extended traceroute function.

Configuration

The traceroute command is used to test the network connectivity and accurately locate a fault when the fault

Usage

occurs. To use the domain name, you must first configure the DNS. For details about the configuration, see
Configuring DNS.



Traceroute IPv6

Command

traceroute [ vrf vrf-name | [ oob ] ipv6 ] [ address [ via mgmt-name ] [ probe number ] [ timeout seconds ] [ ttl
minimum maximum ]

Parameter

oob: Indicates out-of-band management. This parameter must be configured if the MGMT port is specified as a

Description

source port.
vrf-name: Indicates the VRF name.
address: Specifies the destination IPv6 address or domain name.
mgmt-name: Specifies the MGMT port in OOB mode.
number: Specifies the number of probes. The value ranges from 1 to 255.
seconds: Specifies the timeout. The value ranges from 1s to 10s.
minimum maximum: Specifies the minimum and maximum TTL values. The value ranges from 1 to 255.

Command

In User EXEC mode, you can execute only the basic traceroute IPv6 function. In privileged EXEC mode, you can

Mode

execute the extended traceroute IPv6 function.

Configuration

The traceroute IPv6 command is used to test the network connectivity and accurately locate a fault when the fault

Usage

occurs. To use the domain name, you must first configure the DNS. For details about the configuration, see
Configuring DNS.

Configuration Example



Executing the Traceroute Function on a Properly Connected Network

Configuration

In Privileged EXEC mode, run the traceroute 2002::1 command.

Steps
FS#
FS#traceroute ipv63004::1
<pressCtrl+C tobreak >
Tracing the route to 3004::1
1

3000::1

0 msec 0 msec 0 msec

2

3001::1

4 msec 4 msec 4msec

3

3002::1

8 msec 8 msec 4 msec

The preceding test result indicates that the network device accesses host 2002::1 by transmitting packets through
gateways 1–3. In addition, the time required to reach each gateway is displayed.



Executing the Traceroute Function on a Faulty Network

Configuration

In Privileged EXEC mode, run the traceroute 202.108.37.42 command.

Steps
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FS# traceroute 202.108.37.42
< press Ctrl+C to break >
Tracing the route to 202.108.37.42
1

192.168.12.1

0 msec 0 msec 0 msec

2

192.168.9.2

0 msec 4 msec 4 msec

3

192.168.110.1

4

***

5

61.154.8.129

12 msec 28 msec 12 msec

6

61.154.8.17

8 msec 12 msec 16msec

7

61.154.8.250

12 msec 12 msec 12 msec

8

218.85.157.222

12 msec 12 msec 12 msec

9

218.85.157.130

16 msec 16 msec 16 msec

10

218.85.157.77

16 msec 48 msec 16 msec

11

202.97.40.65

76 msec 24 msec 24 msec

12

202.97.37.65

32 msec 24 msec 24 msec

13

202.97.38.162

52 msec 52 msec 224 msec

14

202.96.12.38

84 msec 52 msec 52 msec

15

202.106.192.226

88 msec 52 msec 52 msec

16

202.106.192.174

52 msec 52 msec 88 msec

17

210.74.176.158

100 msec 52 msec 84 msec

18

202.108.37.42

16 msec 12 msec 16msec

48 msec 48 msec 52 msec

The preceding test result indicates that the network device accesses host 202.108.37.42 by transmitting packets
through gateways 1–17, and Gateway 4 is faulty.



Executing the Traceroute IPv6 Function on a Properly Connected Network

Configuration

In Privileged EXEC mode, run the traceroute ipv6 3004::1 command.

Steps
FS#traceroute ipv63004::1
<pressCtrl+C tobreak >
Tracing the route to 3004::1

www.fs.com

1

3000::1

0 msec 0 msec 0 msec

2

3001::1

4 msec 4 msec 4msec

3

3002::1

8 msec 8 msec 4 msec

4

3004::1

4 msec 28 msec 12 msec
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The preceding test result indicates that the network device accesses host 3004::1 by transmitting packets through
gateways 1-4. In addition, the time required to reach each gateway is displayed.



Executing the Traceroute IPv6 Function on a Faulty Network

Configuration

In Privileged EXEC mode, run the traceroute ipv6 3004::1 command.

Steps
FS#traceroute ipv63004::1
<pressCtrl+C tobreak >
Tracing the route to 3004::1
1

3000::1

0 msec 0 msec 0 msec

2

3001::1

4 msec 4 msec 4msec

3

3002::1

8 msec 8 msec 4 msec

4

* **

5

3004::1

4 msec 28 msec 12 msec

The preceding test result indicates that the network device accesses host 3004::1 by transmitting packets through
gateways 1–5, and Gateway 4 is faulty.

11 Configuring TCP
11.1 Overview
The Transmission Control Protocol (TCP) is a transport-layer protocol providing reliable connection-oriented and IP-based services to
for the application layer.
Internetwork data flows in 8-bit bytes are sent from the application layer to the TCP layer, and then fragmented into packet segments
of a proper length via the TCP.The Maximum Segment Size (MSS) is usually limited by the Maximum Transmission Unit (MTU) of the
data link layer. After that, the packets are sent to the IP layer and then to the TCP layer of a receiver through the network.
Toprevent packet loss, every byte is identified by a sequence number via the TCP,and this ensures that packets destined for the peer
arereceived in order.Then, the receiverresponds with aTCP ACKpacket upon receiving a packet. If the sender does not receive ACK
packets in a reasonable Round-Trip Time (RTT), the corresponding packets (assumed lost) will be retransmitted.



TCP uses the checksum function to check data integrity. Besides, MD5-based authentication can be used to verify data.



Timeout retransmission and piggyback mechanism are adopted to ensure reliability.



The Sliding Window Protocol is adopted to control flows. As documented in the Protocol, unidentified groups in a window
should be retransmitted.

Protocols and Standards



RFC 793: Transmission Control Protocol



RFC 1122: Requirements for Internet Hosts -- Communication Layers



RFC 1191: Path MTU Discovery



RFC 1213: Management Information Base for Network Management of TCP/IP-based Internets: MIB
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RFC 2385: Protection of BGP Sessions via the TCP MD5 Signature Option



RFC 4022: Management Information Base for the Transmission Control Protocol (TCP)

11.2 Applications
Application

Description

Optimizing TCP Performance

ToavoidTCPpacketfragmentation onalinkwithasmallMTU,PathMTUDiscovery(PMTUD)
is enabled.

Detecting TCP Connection Exception

TCP checks whether the peer works normally.

11.2.1 Optimizing TCP Performance

Scenario
For example, TCP connection is establishedbetween A and D, as shown inthe following figure. The MTU of the link between A and B is
1500 bytes, 1300 bytes between B and C, and 1500 bytes between C and D. To optimize TCP transmission performance, packet
fragmentation should be avoided between B and C.
Figure 11- 1

Remarks:

A, B, C and D are routers.

Deployment



Enable PMTUD on A and D.

11.2.2 Detecting TCP Connection Exception

Scenario
For example, in the following figure, User logs in to A through telnet but is shut down abnormally, as shown in the following figure. In
case of TCP retransmission timeout, the User's TCP connection remains for a long period. Therefore, TCP keepalive can be used to
rapidly detect TCP connection exception.
Figure 11- 2
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Remarks:

A is a router.

Deployment



Enable TCP keepalive on A.

11.3 Features
Basic Concepts



TCP Header Format
0

1

2

3

01234567890123456789012345678901
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

Source Port

|

DestinationPort

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

Sequence Number

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

Acknowledgment Number

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Data |

|U|A|P|R|S|F|

|

|Offset|Reserved |R|C|S|S|Y|I|
|

|

Window

|

|G|K|H|T|N|N|

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

Checksum

|

UFSentPointer

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

Options

|

Padding

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|

data

|

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
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Source Port is a 16-bit source port number.



Destination Port is a 16-bit destination port number.



Sequence Number is a 32-bit sequence number.



Acknowledgment Number is a 32-bit number that identifies the next sequence number that the receiver is expecting to
receive.



Data Offset is a 4-bit number that indicates the total number of bytes in the TCP header (option included) divided by 4.



A flag bit is 6-bit. UFS: the urgent pointer field is significant; ACK: the acknowledgment field is significant; PSH: indicates the
push function; RST: resets TCP connection; SYN: synchronizes the sequence number (establishing a TCP connection); FIN: no
more data from the sender (closing a TCP connection).



A 16-bit Window value is used to control flows. It specifies the amount of data that may be transmitted from the peer between
ACK packets.



Checksum is a 16-bit checksum.



Urgent Pointer is 16-bit and shows the end of the urgent data so that interrupted data flows can continue. When the UFS bit is
set, the data is given priority over other data flows.



TCP Three-WayHandshake



The process of TCP three-way handshake is as follows:

23.

A client sends a SYN packet to the server.

24.

The server receives the SYN packet and responds with a SYN ACK packet.

25.

The client receives the SYN packet from the server and responds with an ACK packet.



After the three-way handshake, the client and server are connected successfully and ready for data transmission.

Overview
Feature

Description

Configuring SYN Timeout

Configure a timeout waiting for a response packet after an SYN or SYN ACK packet is sent.

Configuring Window Size

Configure a window size.

Configuring

Reset

Packet Configure the sending of TCP reset packets after receiving port unreachable messages.

Sending
Configuring MSS

Configure an MSS for TCP connection.

Path MTU Discovery

DiscoverthesmallestMTU onTCPtransmissionpath, and adjust thesizeofTCPpacketsbased onthis
MTU to avoid fragmentation.

TCP Keepalive

Check whether the peer works normally.

11.3.1 Configuring SYN Timeout

Working Principle
A TCP connection is established after three-way handshake: The sender sends an SYN packet, the receiver replies with a SYN ACK
packet, and then the sender replies with an ACK packet.



If the receiver does not reply with a SYN ACK packet after the sender sends an SYN packet, the sender keeps retransmitting the
SYN packet for certain times or until timeout period expires.
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If the receiver replies with a SYN ACK packet after the sender sends an SYN packet but the sender does not reply with an ACK
packet, the receiver keeps retransmitting the SYN ACK packet for certain times or until timeout period expires. (This occurs in
the case of SYN flooding.)

Related Configuration



Configuring TCP SYN Timeout



The default TCP SYN timeout is 20 seconds.



Run the ip tcp synwait-time seconds command in global configuration mode to configure an SYN timeout ranging from 5 to
300 seconds.



In case of SYN flooding, shortening SYN timeout reduces resource consumption. However, it does not work in continuous SYN
flooding. When a device actively makes a request for a connection with an external device, through telnet for example,
shortening SYN timeout reduces user's wait time. You may prolong SYN timeout properly on a poor network.
In version 11.0 or later, it applies to both IPv4 TCP and IPv6 TCP.

11.3.2 Configuring Window Size

Working Principle
Data from the peer is cached in the TCP receiving buffer and subsequently read by applications. The TCP window size indicates the
size of free space of the receiving buffer. For wide-bandwidth bulk-data connection, enlarging the window size dramatically promotes
TCP transmission performance.
Related Configuration



Configuring Window Size



Run the ip tcp window-size size command in global configuration mode to configure a window size ranging from 128 to
(65535<< 14) bytes. The default is 65535 bytes. If the window size is greater than 65535 bytes, window enlarging will be
enabled automatically.



The window size advertised to the peer is the smaller value between the configured window size and the free space of the
receiving buffer.
In version 11.0 or later, it applies to both IPv4 TCP and IPv6 TCP.

11.3.3 Configuring Reset Packet Sending

Working Principle
When TCP packets are distributed to applications, if the TCP connection a packet belongs to cannot be identified, the local end sends
a reset packet to the peer to terminate the TCP connection. Attackers may use port unreachable messages to attack the device.
Related Configuration



Configuring the Sending of TCP Reset Packets After Receiving Port Unreachable Messages

By default, TCP reset packet sending upon receiving port unreachable messages is enabled.
Run the no ip tcp send-reset command in global configuration mode to disable TCP reset packet sending upon receiving port
unreachable messages.
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After this function is enabled, attackers may use port unreachable messages to attack the device.
In version 11.0 or later, it applies to both IPv4 TCP and IPv6 TCP.
11.3.4 Configuring MSS

Working Principle
The MSS refers to the total amount of data contained in a TCP segment t excluding TCP options.
Three-way handshake is implemented through MSS negotiation. Both parties add the MSS option to SYN packets, indicating the
largest amount of data that the local end can handle, namely, the amount of data allowed from the peer. Both parties take the smaller
MSS between them as the advertised MSS.
The MSS value is calculated as follows:



IPv4 TCP: MSS = Outgoing interface MTU –IP header size (20-byte)–TCP header size (20-byte).



IPv6 TCP: MSS = IPv6 Path MTU –IPv6 header size (40-byte)–TCP header size (20-byte).
In version 11.0 or later, it applies to both IPv4 TCP and IPv6 TCP.
The effective MSS is the smaller one between the calculated MSS and the configured MSS.
If a connection supports certain options, the option length (with data offset taken into consideration) should be deducted
from an MSS value. For example, 20 bytes for MD5 digest (with data offset taken into consideration) should be subtracted from
the MSS.

Related Configuration



Configuring MSS



Runthe iptcpmssmax-segment-size command inglobal configurationmode tosetan MSS. Itranges from68 to1000 bytes. By
default, the MSS is calculated based on MTU. If an MSS is configured, the effective MSS is the smaller one between the
calculated MSS and the configured MSS.



An excessively small MSS reduces transmission performance. You can promote TCP transmission by increasing the MSS. Choose
an MSS value by referring to the interface MTU. If the former is bigger, TCP packets will be fragmented and transmission
performance will be reduced.

11.3.5 Path MTU Discovery

Working Principle
ThePathMTUDiscoveryfstipulatedinRFC1191isusedtodiscoverthesmallestMTUinaTCPpathtoavoidfragmentation,enhancing
network bandwidth utilization. The process of TCPv4 Path MTU Discovery is described as follows:
1.

The source sends TCP packets with the Don’t Fragment (DF) bit set in the outer IP header.

2.

If the outgoing interface MTU value of a router in the TCP path is smaller than the IP packet length, the packet will be discarded
and an ICMP error packet carrying this MTU will be sent to the source.

3.

Through parsing the ICMP error packet, the source knows the smallest MTU in the path (path MTU) is.

4.

The size of subsequent data segments sent by the source will not surpass the MSS, which is calculated as follows: TCP MSS =
Path MTU – IP header size – TCP header size.

Related Configuration
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Enabling Path MTU Discovery

By default, Path MTU Discovery is disabled.
Run the ip tcp path-mtu-discovery command to enable PMTUD in global configuration mode.
In version 11.0 or later, it applies to only IPv4 TCP.TCPv6 PMTUD is enabled permanently and cannot be disabled.
11.3.6 TCP Keepalive

Working Principle
You may enable TCP keepalive to check whether the peer works normally. If a TCP end does not send packets to the other end for a
period of time (namely idle period), the latter starts sending keepalive packets successively to the former for several times. If no
response packet is received, the TCP connection is considered inactive and then closed.
Related Configuration



Enabling Keepalive



By default, TCP keepalive is disabled.



Run the ip tcp keepalive [interval num1] [times num2] [idle-period num3] command to in global configuration mode to
enable TCP keepalive. See Configuration for parameter description.
In version 11.0 or later, it applies to both IPv4 TCP and IPv6 TCP.
This command applies to both TCP server and client.

11.4 Configuration
Configuration

Description and Command
(Optional) It is used to optimize TCP connection performance.

Optimizing TCP Performance

ip tcp synwait-time

Configures a timeout for TCP connection.

ip tcp window-size

Configures a TCP window size.

ip tcp send-reset

Detecting

TCP

after receiving port unreachable messages.

ip tcp mss

Configures an MSS for TCP connection.

ip tcp path-mtu-discovery

Enables Path MTU Discovery.

Connection

Exception

Configures the sending of TCP reset packets

(Optional) It is used to detect whether the peer works normally.
ip tcp keepalive

Enables TCP keepalive.

11.4.1 Optimizing TCP Performance

Configuration Effect



Ensure optimal TCP performance and prevent fragmentation.

Notes
N/A
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Configuration Steps



Configuring SYNTimeout



Optional.



Configure this on the both ends of TCP connection.



Configuring TCP Window Size



Optional.



Configure this on the both ends of TCP connection.



Configuring the Sending of TCP Reset Packets After Receiving Port Unreachable Messages.



Optional.



Configure this on the both ends of TCP connection.



Configuring MSS



Optional.



Configure this on the both ends of TCP connection.



Enabling Path MTU Discovery



Optional.



Configure this on the both ends of TCP connection.

Verification
N/A
Related Commands



Configuring SYN Timeout

Command

ip tcp synwait-time seconds

Parameter

seconds: Indicates SYN packet timeout. It ranges from 5 to 300 seconds. The default is 20 seconds.

Description
Command

Global configuration mode

Mode
Usage Guide

In case of SYN flooding, shortening SYN timeout reduces resource consumption. However, it does not work in
continuous SYN flooding. When a device actively makes a request for a connection with an external device, through
telnet for example, shortening SYN timeout reduces user's wait time. You may prolong SYN timeout properly on a
poor network.



Configuring TCP Window Size

Command

ip tcp window-size size

Parameter

size: Indicates a TCP window size. It ranges from 128 to (65535 << 14) bytes. The default is 65535 bytes.

Description
Command
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Mode
Usage Guide



N/A

Configuring the Sending of TCP Reset Packets After Receiving Port Unreachable Messages

Command

ip tcp send-reset

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



By default, TCP reset packet sending upon receiving port unreachable messages is enabled.

Configuring MSS

Command

ip tcp mss max-segment-size

Parameter

max-segment-size: Indicates the maximum segment size. It ranges from 68 to 10000 bytes. By default, the MSS is

Description

calculated based on MTU.

Command

Global configuration mode

Mode
Usage Guide

This command defines the MSS for a TCP communication to be established. The negotiated MSS for a new
connection should be smaller than this MSS. If you want to reduce the MSS, run this command. Otherwise, do not
perform the configuration.



Configuring Path MTU Discovery

Command

ip tcp path-mtu-discovery [ age-timer minutes | age-timer infinite ]

Parameter

age-timer minutes: Indicates the interval for a new probe after a path MTU is discovered. It ranges from 10 to 30

Description

minutes. The default is 10 minutes.
age-timer infinite: No probe is implemented after a path MTU is discovered.

Command

Global configuration mode

Mode
Usage Guide

The PMTUD is an algorithm documented in RFC1191 aimed to improve bandwidth utilization. When the TCP is
applied to bulk data transmission, this function may facilitate transmission performance.
If the MSS used for the connection is smaller than what the peer connection can handle, a larger MSS is tried every
time the age timer expires. The age timer is a time interval for how often TCP estimates the path MTU with a larger
MSS.The discovery process is stopped when either the send MSS is as large as the peer negotiated, or the user has
disabled the timer on the router. You may turn off the timer by setting it to infinite.

Configuration Example



Enabling Path MTU Discovery

Configuration

Enable PMTUD for a TCP connection. Adopt the default age timer settings.

Steps
FS# configure terminal
FS(config)# ip tcp path-mtu-discovery
FS(config)# end
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Verification

Run the show tcp pmtu command to display the IPv4 TCP PMTU.
FS# show tcp pmtu
Number Local Address
1

192.168.195.212.23

Foreign Address
192.168.195.112.13560

PMTU
1440

Run the show ipv6 tcp pmtu command to display the IPv6 TCP PMTU.
FS# show ipv6 tcp pmtu
Number Local Address
1

1000::1:23

Foreign Address
1000::2.13560

PMTU
1440

Common Errors
N/A
11.4.2 Detecting TCP Connection Exception

Configuration Effect



Check whether the peer works normally.

Notes
N/A
Configuration Steps



Enabling TCPKeepalive



Optional.

Verification
N/A
Related Commands



Enabling TCPKeepalive

Command

ip tcp keepalive [interval num1] [times num2] [idle-period num3]

Parameter

interval num1: Indicates the interval to send keepalive packets. Ranging from 1 to120 seconds. The default is 75

Description

seconds.
times num2: Indicates the maximum times for sending keepalive packets. It ranges from 1 to 10. The default is 6.
idle-period num3: Indicates the time when the peer sends no packets to the local end, It ranges from 60 to 1800
seconds. The default is15 minutes.

Command

Global configuration mode

Mode
Usage Guide

You may enable TCP keepalive to check whether the peer works normally. The function is disabled by default.
Suppose a user enables TCP keepalive function with the default interval, times and idle period settings. The user does
not receive packets from the other end within 15 minutes and then starts sending Keepalive packets every 75
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secondsfor6times.IftheuserreceivesnoTCPpackets,theTCPconnectionisconsideredinactiveand thenclosed.
Configuration Example



Enabling TCP Keepalive

Configuration

Enable TCP keepalive on a device with interval and idle-period set to 3 minutes and 60 seconds respectively. If the

Steps

user receives no TCP packets from the other end after sending keepalive packets four times, the TCP connection is
considered inactive.
FS# configure terminal
FS(config)#iptcpkeepaliveinterval 60times4idle-period180
FS(config)# end

Verification

A user logs in to a device through telnet, and then shuts down the local device. Run the show tcp connect command
on the remote device to observe when IPv4 TCP connection is deleted.

Common Errors
N/A

11.5 Monitoring
Displaying
Description

Command

Displays basic information on IPv4 TCP show tcp connect [local-ip a.b.c.d] [local-port num] [peer-ip a.b.c.d] [peer-port nu
connection.

m]

DisplaysIPv4TCPconnectionstatistics.

show tcp connect statistics

Displays IPv4 TCP PMTU.

show tcp pmtu [local-ip a.b.c.d] [local-port num] [peer-ip a.b.c.d] [peer-port num]

Displays IPv4 TCP port information.

show tcp port [num]

Displays IPv4 TCP parameters.

show tcp parameter

Displays IPv4 TCP statistics.

show tcp statistics

Displays basic information on IPv6 TCP show ipv6 tcp connect [local-ipv6 X:X:X:X::X] [local-port num] [peer-ipv6 X:X:X:X::X]
connection.

[peer-port num]

DisplaysIPv6TCPconnectionstatistics.

show ipv6 tcp connect statistics

Displays IPv6 TCP PMTU.
Displays IPv6 TCP port information.

show ipv6 tcp pmtu [local-ipv6 X:X:X:X::X] [local-port num] [peer-ipv6 X:X:X:X::X] [pe
er-port num]
show ipv6 tcp port [num]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Displays the debugging information on

debug ip tcp packet [ in | out] [local-ip a.b.c.d] [peer-ip a.b.c.d] [global | vrf vrf-name]

IPv4 TCP packets.

[local-port num] [peer-port num] [deeply]

Displays the debugging information on

debug ip tcp transactions [local-ip a.b.c.d] [peer-ip a.b.c.d] [local-port num] [peer-port
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IPv4 TCP connection.

num]

Displays the debugging information on

debug ipv6 tcp packet [ in | out] [local-ipv6 X:X:X:X::X] [peer-ipv6 X:X:X:X::X] [global | vrf

IPv6 TCP packets.

vrf-name] [local-port num] [peer-port num] [deeply]

Displays the debugging information on

debug ipv6 tcp transactions [local-ipv6 X:X:X:X::X] [peer-ipv6 X:X:X:X::X] [local-port num]

IPv6 TCP connection.

[peer-port num]

12 Configuring IPv4/IPv6 REF
12.1 Overview
On products incapable of hardware-based forwarding, IPv4/IPv6 packets are forwarded through the software. To optimize the
software-based forwarding performance, FS introduces IPv4/IPv6 express forwarding through software (FS Express Forwarding,
namely REF).
REF maintains two tables: forwarding table and adjacency table. The forwarding table is used to store route information. The
adjacency table is derived from the ARP table and IPv6 neighbor table, and it contains Layer 2 rewrite(MAC) information for the next
hop..
REF is used to actively resolve next hops and implement load balancing.
Protocols and Standards
N/A

12.2 Applications
Application

Description

Load Balancing

During network routing, when a route prefix is associated with multiple next hops, REF can implement
load balancing among the multiple next hops.

12.2.1 Load Balancing

Scenario
As shown in Figure12-1, a route prefix is associated with three next hops on router A, namely, link 1, link 2, and link 3. By default, REF
implements load balancing based on the destination IP address. Load balancing can be implemented based on the source IP address
and destination IP address as well.
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Figure 12- 1

Remarks

A is a router that runs REF.
B, C and D are forwarding devices.

Deployment



Run REF on router A.

12.3 Features
Basic Concepts
IPv4/IPv6 REF involves the following basic concepts:



Routing table

An IPv4/IPv6 routing table stores routes to the specific destinations and contains the topology information. During packet forwarding,
IPv4/IPv6 REF selects packet transmission paths based on the routing table.



Adjacent node

An adjacent node contains output interface information about routed packets, for example, the next hop, the next component to be
processed, and the link layer encapsulation. When a packet is matched with an adjacent node, the packet is directly encapsulated and
then forwarded. For the sake of query and update, an adjacent node table is often organized into a hash table. To support routing
load balancing, the next hop information is organized into a load balance entry. An adjacent node may not contain next hop
information. It may contain indexes of next components (such as other line cards and multi-service cards) to be processed.



Active resolution

REF supports next hop resolution. If the MAC address of the next hop is unknown, REF will actively resolve the next hop. IPv4 REF
requests the ARP module for next hop resolution while IPv6 REF applies the ND module to resolution.



Packet forwarding path

Packets are forwarded based on their IPv4/IPv6 addresses. If the source and destination IPv4/IPv6 addresses of a packet are specified,
the forwarding path of this packet is determined.
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12.3.1 Load Balancing Policies

Load balancing is configured to distribute traffic load among multiple network links.
Working Principle
So far, the switch supports two load balancing policies based on destination IP addresses. In the REF model, a route prefix is
associated with multiple next hops, in other words, it is a multi-path route. The route will be associated with a load balance table and
implement weight-based load balancing. When an IPv4/IPv6 packet is matched with a load balance entry based on the longest prefix
match, REF performs hash calculation based on the IPv4/IPv6 address of the packet and selects a path to forward the packet.

12.4 Configuration
By default, the switch supports destination address-based load balancing. Run the following commands for monitoring.
Displaying

REF

Packet

Statistics
REF packet statistics includes the number of forwarded packets and the number of packets discarded due to various causes.Youcan
determine whether packets are forwarded as expected by displaying and clearing REF packet statistics.
Command

Description

show ip ref packet statistics

Displays IPv4 REF packet statistics.

clear ip ref packet statistics

Clears IPv4 REF packet statistics.

show ipv6 ref packet statistics

Displays IPv6 REF packet statistics.

clear ipv6 ref packet statistics

Clears IPv6 REF packet statistics.

Displaying

Adjacency

Information
You can run the following commands to display adjacency information:
Command

Description

show ip ref adjacency [glean | local | ip-address | {interface
interface_type interface_number ) | discard | statistics]
show ipv6 ref adjacency [glean | local | ipv6-address | (interface
interface_type interface_number) | discard | statistics]
Displaying

Displays the gleaned adjacencies, local adjacencies, adjacencies
of a specified IP address, adjacencies associated with a specified
interface, and all adjacent nodes in IPv4 REF.
Displays the gleaned adjacencies, local adjacencies, adjacencies
of a specified IPv6 address, adjacencies associated with a
specified interface, and all adjacent nodes in IPv6 REF.

Active

Resolution Information
You can run the following commands to display next hops to be resolved:
Command

Description

show ip ref resolve-list

Displays the next hop to be resolved .

show ipv6 ref resolve-list

Displays the next hop to be resolved.
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Displaying
Forwarding

Packet
Path

Information
Packets are forwarded based on their IPv4/IPv6 addresses. If the source and destination IPv4/IPv6 addresses of a packet are specified,
the forwarding path of this packet is determined. Run the following commands and specify the IPv4/IPv6 source and destination
addresses of a packet. The forwarding path of the packet is displayed, for example, the packet is discarded, submitted to a CPU, or
forwarded. Furthermore, the interface that forwards the packet is displayed.
Command

Description

show ip ref exact-route [oob | vrf vrf_name] source-ipaddress
dest_ipaddress

of-band management network. oob indicates out-of-band
management network.

show ipv6 ref exact-route [ oob | vrf vrf-name ] src-ipv6-address
dst-ipv6-address
Displaying

Displays the forwarding path of a packet. oob indicates out-

Displays the forwarding path of an IPv6 packet. oob indicates
out-of-band, management network. oob indicates out-of-band
management network.

Route

Information in an REF Table
Run the following commands to display the route information in an REF table:
Command
show ip ref route [ oob | vrf vrf_name] [default | {ip mask}|
statistics]
show ipv6 ref route [ oob |vrf vrf-name ] [ default | statistics |
prefix/len ]

Description
Displays route information inthe IPv4 REF table.The parameter
default indicates a default route. oob indicates out-of-band
management network.
Displaysroute information in the IPv6 REF table. The parameter
default indicates a default route. oob indicates out-of-band
management network.

13 Configuring ECMPCLUSTER
13.1 Overview
Equal Cost Multipath (ECMP)-CLUSTER is a technology for implementing load balancing when the next-hop path of ECMP changes.
A load balancing cluster in a data center is usually interconnected to a Top of Rack (TOR) device via ECMP, and the TOR device
distributes data traffic in a balanced way to members of the load balancing cluster via ECMP.
If an ECMP route is generated between the TOR device and the load balancing cluster through a dynamic routing protocol, the
dynamic routing protocol enables route re-convergence when a link of the ECMP route fails. The traffic from the TOR device to the
loadbalancing cluster isre-balanced, which disturbs the original sessionstatus of members inthe cluster.As a result, theentire cluster
needs to re-establish sessions, causing interruption of some sessions.
ECMP-CLUSTER overcomes traffic re-balancing caused by changes in the ECMP path quantity. After ECMP-CLUSTER is configured, if
ECMP paths decrease, only traffic carried on a failed link is balanced to active links and original traffic carried on the active links keep
unchanged. If ECMP paths increase, some traffic carried on the active links is distributed to the new links.
When the next hop of ECMP is session-sensitive, that is, the next-hop egress of traffic is a terminal serving device (such as a server),
ECMP-CLUSTER is recommended. If the next-hop egress is an intermediate network node, ECMP-CLUSTER is not advantageous.
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13.2 Applications
Application

Description

Interconnecting LVS Load Balancing

The TOR device is interconnected to a session-sensitive server via ECMP.

Cluster to TOR Device Via ECMP
13.2.1 Interconnecting LVS Load Balancing Cluster to TOR Device Via ECMP

Scenario
As shown in Figure 13- 1, the TOR device is interconnected to the Linux Virtual Server (LVS) load balancing cluster via ECMP.
Figure 13- 1 Interconnection Between TOR Device and LVS Load Balancing Cluster via ECMP

Whenthelinkbetween DeviceAand DeviceCfails,the trafficisforwarded asshown inFigure13-2.
Figure 13- 2 Traffic Forwarding
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A is a TOR device, and B, C, and D are members of a load balancing cluster.
Deployment



Run the Open Shortest Path First (OSPF) protocol between the TOR device and members of a load balancing cluster, to
implement multipath routing.



Enable ECMP-CLUSTER on the TOR device.

13.3 Features
Basic Concepts



ECMP Routing

There are multiple routes to a next hop destined for the destination network, for example, the IP address of the destination network is
192.168.0.0/24, and the IP addresses of routers to the next hop include 1.1.1.1, 2.2.2.2, and 3.3.3.3.
Overview
Feature

Description

ECMP CLUSTER

When the next-hop link of an ECMP route changes, maintain load balancing and evenly
distributes traffic carried by a failed link to other active links while keeping original traffic
carried by the active links unchanged.

Working Principle
Keep the modulo of the hash function used in route calculation unchanged during ECMP routing of packets. Ensure that the total
number of next hops remains unchanged during ECMP hardware routing and when a next-hop link of an ECMP route fails, an active
link is used to replace the failed link.
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13.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable ECMP-CLUSTER.

Configuring ECMP-CLUSTER

ecmp cluster enable

Enables ECMP-CLUSTER.

13.4.1 Configuring ECMP-CLUSTER

Configuration Effect



Increase or decrease ECMP next hops to minimize impact of original forwarded traffic after ECMP-CLUSTER is enabled.

Notes



ECMP-CLUSTER is effective to ECMP.Therefore, ECMP must be configured on the network.



VSU scenario limitation: it requires active-standby NIC, or the ECMP egress is connected with an AP which is up both on the
active andstandby device.



ECMP CLUSTER only supports one port to be shut down. When the port is up, the balancing mode does not change.

Configuration Steps



Enabling ECMP-CLUSTER



Mandatory.

Command

ecmp cluster enable

Parameter Description

N/A

Defaults

ECMP-CLUSTER is disabled by default.

Command Mode

Global configuration mode

Usage Guide

Runtheno formof thiscommandtodisableECMP-CLUSTER: noecmpcluster enable.

Verification



After ECMP-CLUSTER is enabled, check whether traffic forwarded by multiple paths is balanced.



After a link fails, check whether traffic carried by the failed link is balanced to other active links, and whether original traffic
carried by the active links keeps unchanged.

Configuration Examples



Enable ECMP-CLUSTER on a device and check whether the function is enabled successfully.

FS(config)#ecmp cluster enable
FS(config)#show run | in ecmp
ecmp cluster enable
FS(config)#

13.5 Monitoring
Displaying
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Description
Displays whether

Command
ECMP-CLUSTER is

show run

enabled.

IP Routing Configuration
1.

Configuring Routing Policies

2.

Configuring Keys

3.

Configuring RIP

4.

Configuring OSPFv2

5.

Configuring OSPFv3

6.

Configuring IS-IS

7.

Configuring BGP

8.

Configuring RIPng

9.

Configuring PBR
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10.

Managing Routes

11.

Configuring VRF

12.

Configuring L3MAC

13.

Configuring Hardware Capacity Query

1 Configuring Routing Policies
1.1 Overview
Routing policies are a policy set for changing the packet forwarding path or routing information and are often implemented by a
filtering list and a route map. Routing policies are flexibly and widely applied in the following methods:



Use a filtering list in a routing protocol to filter or modify routing information.



Use a route map in a routing protocol to filter or modify routing information. Where, the route map can further use a filtering
list.



Use a route map in policy-based routing (PBR) to control packet forwarding or modify packet fields.

1.2 Applications
Application

Description

Route Filtering

Use a filtering list in a routing protocol to filter the routing information sent or received by the
protocol.

Route Re-distribution

Use a route map in a routing protocol to filter or modify routing information and re-distribute RIP
routes to OSPF. Only RIP routes with 4 hops can be re-distributed.

PBR

Use a route map in PBR to control packet forwarding or modify packet fields and specify optimum
output interfaces for packets from different subnets.
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1.2.1 Route Filtering

By default, a routing protocol advertises and learns all routing information. Whena filtering list is used, the routing protocol advertises
only required routes or receives only required routing information.
Scenario
Figure 1- 1

As shown in Figure 1- 1, router A has routes to 3 networks: 10.0.0.0, 20.0.0.0 and 30.0.0.0.
Configure a filtering list on the routers to achieve the following purposes:



Filter the sent routing information on router A to filter routes that router A does not need to send.



Filter the received routing information on router B to filter routes that router B does not need to learn.

Deployment



Filter the sent routing information 30.0.0.0 on router A.



Filter the received routing information 20.0.0.0 on router B to ensure that router B learns only routing information 10.0.0.0.

1.2.2 Route Re-distribution

By default, route re-distribution will re-distribute all routing information in a routing protocol to another routing protocol. All routing
attributes will also be inherited. You can use a route map to perform conditional control for re-distribution between two routing
protocols, including:



Specify the range for re-distributing routes and re-distribute only routing information that meets certain rules.



Set the attributes of routes generated by re-distribution.

Scenario
Figure 1- 2

As shown in Figure 1- 2, configure route re-distribution on the devices to achieve the following purposes:



Re-distribute only RIP routes with 4 hops to OSPF.



In the OSPF routing domain, the initial metric of this route is 40, the route type is the external route type-1 and the route tag
value is set to 40.

Deployment

www.fs.com

731

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configure a route with 4 hops in the route map rip_to_ospf: match, and set the initial metric of this route to 40, the route type to
the external route type-1 and the route tag value to 40.



Configure route re-distribution to re-distribute RIP routes to OSPF and use the route map rip_to_ospf.

1.2.3 PBR

PBR is implemented by applying a route map including policies to interfaces and devices.
Similar to static routing, PBR is also manually configured, where recursive routing supports automatic update with network changes.
As compared withstatic and dynamic routing, PBR is more flexible. Static and dynamic routing can forwardpackets only based on
destination addresses. PBR can forward packets based on the source and destination addresses, packet length and input interface.
Scenario
Figure 1- 3

Configure PBR on the layer-3 device DEV1 to achieve the following purposes:



Packets from subnet 1 (200.24.16.0/24) are sent from GE0/1 first.



Packets from subnet 2 (200.24.17.0/24) are sent from GE0/2 first.

Deployment



Configure two different ACLs to match packets from subnets 1 and 2 respectively.



Configure the route map RM_FOR_PBR: policy 10 is used to ensure that "packets from subnet 1 are sent from GE0/1 first"; policy
20 is used to ensure that "packets from subnet 2 are sent from GE0/2 first".



Perform PBR for packets received from GE0/3 and use the route map RM_FOR_PBR.

1.3 Features
Overview
Feature

Description

Filtering List

Define a group of lists based on a route attribute, which can be used by a routing protocol for route
filtering.
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Route Map

A policy defines "if certain conditions are matched, you can perform certain processing actions".

1.3.1 Filtering List

Filtering lists are a group of lists defined based on a routing attribute and are a tool for filtering routing policies. Independent filtering
lists are meaningless and can be used to filter routes only when they are applied in a routing protocol.
Working Principle
Based on different routing attributes, filtering lists are classified into the following types:



Access Control List (ACL)

ACLs comprise IPv4 and IPv6 ACLs. When defining ACLs, you can specify IPv4/IPv6 addresses and masks to match the destination
network segment or next-hop addresses of routing information.
For description about ACLs, see the ACL Configuration Guide.



Address Prefix List (prefix-list)

Similar to ACLs, prefix-lists, including IPv4 prefix-lists and IPv6 prefix-lists, are used to match destination network segments of routing
information during routefiltering.



AS-Path List

AS-path lists are used only for BGP. They are used to match AS paths during BGP route filtering.



Community Attribute Filtering List (Community-List)

Community-lists are used only for BGP. They are used to match community attributes during BGP route filtering.



Extended Community Attribute Filtering List (Extcommunity-List)

Extcommunity-lists are used only for BGP. They are used to match extended community attributes during BGP route filtering.
Related Configuration



Creating an ACL

By default, no ACL is configured and no policy is set.
Inthe global configuration mode, run the ip access-list { extended | standard} { id | name } command tocreate an IPv4 ACL.
YoucansetmultiplepoliciesinanACL, sortedbytheirsequencenumbers.Policieshavetwoworkingmodes:permitanddeny.



Creating a Prefix-List

By default, no prefix-list is configured and no entry is set.
In the global configuration mode, run the ip prefix-list prefix-list-name [ seq seq-number ] { deny | permit } ip-prefix [ ge
minimum-prefix-length ] [ le maximum-prefix-length ] command to create an IPv4 prefix-list and add a prefix entry to the list.
Youcansetmultiple entriesintheprefix-list,sortedbytheir sequencenumbers.Entries have twoworkingmodes: permit and deny.
Run the ip prefix-list prefix-list-name description descripton-text command to add description to the prefix-list.
Run the ip prefix-list sequence-number command to enable the sorting function for the prefix-list.



Creating an AS-Path List
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By default, no AS-path list is configured and no entry is set.
In the global configuration mode, run the ip as-path access-list path-list-num { permit | deny } regular-expression command to create
an AS-path list and add an entry to the list.
You can set multiple entries in the AS-path list. Entries have two working modes: permit and deny.



Creating a Community-List

By default, no community-list is configured and no entry is set.
In the global configuration mode, run the ip community-list { { standard | expanded } community-list-name | community-list-number }
{ permit | deny } [ community-number..] command to create a community-list and add an entry to the list.
Youcan set multiple entries in the community-list. Entries have two working modes: permit and deny.



Creating an Extcommunity-List

By default, no excommunity-list is configured and no entry is set.
In the global configuration mode, run the ip extcommunity-list {standard-list | standard list-name } { permit | deny } [ rt value] [ soo
value ] command to create a standard extcommunity list and add an entry to the list.
Run the ip extcommunity-list {expanded-list | expanded list-name } { permit | deny } [ regular-expression ] command to create an
extcommunity list and add an entry to the list.
You can also run the ip extcommunity-list {expanded-list | expanded list-name| standard-list | standard list-name } command to
create an extcommunity list and enter the configuration mode of ip extcommunity-list to add entries.
You can set multiple entries in the extcommunity-list. Entries have two working modes: permit and deny.
1.3.2 Route Map

Apolicyisa "match…, set…"statement, which indicatesthat "if certain conditions arematched, you canperform someprocessing
actions".
Working Principle



Executing policies

A route map may contain multiple policies. Each policy has a corresponding sequence number. A smaller sequence number means a
higher priority. Policies are executed based on their sequence numbers. Once the matching condition of a policy is met, the
processing action for this policy needs to be performed and the route map exits. If no matching condition of any policy is met, no
processing action will be performed.



Working Modes Of Policies

Policies have two working modes:



permit: When the matching condition of a policy is met, the processing action for this policy will be performed and the route
map will exit.



deny: When the matching condition of a policy is met, the processing action for this policy will not be performed and the route
map will exit.



Matching Conditions Of Policies

The matching condition of a policy may contain 0, 1 or more match rules.
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If the matching condition contains 0 match rule, no packet will be matched.



If the matching condition contains one or more match rules, all rules must be matched.



Processing Action for a Policy

The processing action of a policy may contain 0, 1 or more set rules.



If the processing action contains 0 set rule, no processing action will be performed and the route map will directly exit.



If the processing action contains one or more set rules, all processing actions will be performed and then the route map will exit.
If set rules have different priorities, the set rule with the highest priority will take effect.

Related Configuration



Creating a Route Map (Policy)

By default, no route map is configured and no policy is set.
Intheglobal configuration mode,you canrun theroute-maproute-map-name [permit |deny] [sequence-number]command to
create a route map and add a policy to the route map.
You can set multiple policies in a route map. Each policy uses different sequence numbers.



Setting Matching Conditions of a Policy

By default, no match rule is set (that is, the matching condition of a policy contains 0 match rule).
In the route map mode, run the match command toset match rules. One match command is mapped to one match rule.
FSOS provides abundant match commands for setting flexible matching conditions.
Command

Description

match as-path

Uses the AS_PATH attribute of a BGP route as the matching condition.

match community

Uses the community attribute of a BGP route as the matching condition.

match extcommunity

Uses the extended community attribute of a BGP route as the matching condition.

match interface

Uses the output interface of a route as the matching condition.

match ip address

Uses the destination IPv4 address of a route as the matching condition.

match ip next-hop

Uses the next-hop IPv4 address of a route as the matching condition.

match ip route-source

Uses the source IPv4 address of a route as the matching condition.

match ipv6 address

Uses the destination IPv6 address of a route as the matching condition.

match ipv6 next-hop

Uses the next-hop IPv6 address of a route as the matching condition.

match ipv6 route-source

Uses the source IPv6 address of a route as the matching condition.

match metric

Uses the metric of a route as the matching condition.

match origin

Uses the source of a route as the matching condition.

match route-type

Uses the type of a route as the matching condition.

match tag

Uses the tag value of a route as the matching condition.



Setting the Processing Actions of a Policy

By default, no set rule is configured (that is, the processing action of a policy contains 0 set rule).
In the route map mode, run the set command to configure set rules. One set command is mapped to one set rule.
FSOS provides abundant set commands for setting flexible processing actions.
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Command

Description

set aggregator as

Modifies the AS attribute value of a route aggregator.

set as-path prepend

Adds a specified as-path attribute value.

set as-path replace

Replace the specified as-path attribute value.

set atomic-aggregate

Sets the atomic-aggregate attribute of a route.

set comm-list delete

Deletes all community attribute values from the community attribute list for a route
matching the match rules.

set community

Sets the community attribute value of a route.

set dampening

Sets the flapping parameters of a route.

set extcomm-list delete

Deletes all extended community attribute values from the extcommunity attribute list for a
route matching the match rules.

set extcommunity

Sets the extended community attribute value of a route.

set fast-reroute

Sets the backup output interface and next hop of a fast reroute.

set ip default nexthop

Specifies the default next hop of a route.This command has a lower priority than a common
route and a higher priority than set default interface.

set ip dscp

Modifies the dscp field of an IP packet.

set ip global next-hop

Specifies the next hop of a route.

set ip global default next-hop

Specifies the default next hop of a route.

set ip nexthop

Specifies the next hop of a route. This command has a higher priority than set interface.

set ip next-hop recursive

Specifies the recursive next-hop IP address of a route.

set ip next-hop verify-availability

Specifies the next-hop IP address of a route and checks the accessibility of the next hop by
using BFD.

set ip precedence

Modifies the precedence field of an IP packet.

set ip tos

Modifies the tos field of an IP packet.

set ipv6 fast-reroute

Specifies the backup egress and backup next hop of FRR.

set ipv6 default next-hop

Specifies the default next hop of a route.This command has a lower priority than a common
route and a higher priority than the default route.

set ipv6 global next-hop

Specifies the IPv6 next hop of a route.

set ipv6 global default next-hop

Specifies the default IPv6 next hop of a route.

set ipv6 next-hop

Specifies the IPv6 next hop of a route. This command has a higher priority than a common
route.

set ipv6 next-hop verify-availability

Specifies the next-hop IP address of a route and checks the accessibility of the next hop by
using BFD.

set ipv6 precedence

Sets the priority of an IPv6 packet header.

set level

Sets the destination area type to which a route will be directed.

set local-preference

Sets the local-preference attribute value of a route.

set metric

Modifies the metric value of a route.

set metric-type

Sets the metric type of a route.

set next-hop

Sets the next-hop IP address of a route.

set ip next-hop verify-availability

Specifies the next-hop IP address of a route and checks the accessibility of the next hop by
using a third-party protocol.

set origin

Sets the source attribute of a route.

set originator-id

Sets the originator IP address of a route.
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Command

Description

set tag

Sets the tag value of a route.

set distance

Sets the administrative distance.

set weight

Sets the weight value of a route.

1.4 Configuration
Configuration

Description and Command
(Optional) It is used to define a policy.

Configuring a Route Map

route-map

Creates a policy (route map).

match

Sets the matching conditions of the policy.

set

Sets the processing actions of the policy.

Statement-name

Sets the statement name of route map (not
associated with policy).

(Optional) It is used to define a filtering list.

Configuring a Filtering List

ip as-path

Defines AS path filtering rules.

ip community-list

Defines a community list.

ip extcommunity-list

Defines an extcommunity list.

ip prefix-list

Creates a prefix-list.

ip prefix-list description

Adds description to a prefix-list.

ip prefix-list sequence-number

Enables the sorting function for a prefix-list.

Ipv6 prefix-list

Creates an IPv6 prefix-list.

ipv6 prefix-list description

Adds description to an IPv6 prefix-list.

ipv6 prefix-list sequence-number

Enables the sorting function for an IPv6
prefix-list.

1.4.1 Configuring a Route Map

Configuration Effect



Define a set of routing policies to be used by routing protocols or PBR.

Notes



If a match command uses an ACL to define packet matching conditions, the ACL must be configured.



The following match commands cannot be configured at the same time:

The Following match

Cannot Be Configured with the Following match Commands At the Same Time

Commands
match ipv6 address

match ipv6 prefix-list

match ip next-hop

match ip next-hop prefix-list

match ipv6 next-hop

match ipv6 next-hop prefix-list

match ip route-source

match ip route-source prefix-list

match ipv6 route-source

match ipv6 route-source prefix-list



The following set commands cannot be configured at the same time:
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The Following set Commands Cannot Be Configured with the Following set Commands At the Same Time
set ip next-hop

set ip next-hop verify-availability

set ip dscp

set ip tos

set ip dscp

set ip precedence

Configuration Steps



Creating a Policy (Route Map)



Mandatory.



Perform this configuration on a device to which a policy needs to be applied.



Setting Matching Conditions of a Policy



Optional.



If no match rule is configured, no packet will be matched.



If multiple match rules are configured, all the match rules must be matched.



Perform this configuration on a device to which a policy needs to be applied.



Setting the Processing Actions of a Policy



Optional.



If no set rule is configured, no processing action will be performed.



If multiple set rules are configured, all set rules must be executed (if the set rules have different priorities, the set rule with the
highest priority takes effect).



Perform this configuration on a device to which a policy needs to be applied.

Verification



Check the configurations of the route map.

Related Commands



Creating a Policy (Route Map)

Command

route-map route-map-name [ { permit | deny } sequence ]

Parameter

route-map-name: Indicates the name of a route map, comprising not more than 32 characters. (200 characters for

Description

some versions)
permit: Specifies the working mode of this policy as permit, which is the default mode.
deny: Specifies the working mode of this policy as deny.The default mode is permit.
sequence:Specifiesthesequencenumber ofthispolicy. Asmallervalue means ahigherpriority.Thedefaultvalueis
10.

Command

Global configuration mode

Mode
Usage Guide

If this route map is unavailable, this command will create a route map and add a policy to the route map.
If this route map is available, this command will add a policy to the route map.



Setting Matching Conditions of a Policy
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Command

match as-path as-path-acl-list-number [ as-path-acl-list-number….. ]

Parameter

as-path-acl-list-number: Indicates the AS-PATH list number, ranging from 1 to 500.

Description
Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the AS-PATH attribute of a BGP route.
Run the ip as-path access-list path-list-num { permit | deny } regular-expression command to configure the AS-PATH
list.

Command

matchcommunity { community-list-number | community-list-name } [ exact-match ] [ { community-list-number |
community-list-name } [ exact-match ] … ]

Parameter

community-list-number: Indicates the community list number. For a standard community list, the value ranges from 1

Description

to 99. For an extcommunity list, the value ranges from 100 to 199.
community-list-name: Indicates the community list name, comprising not more than 80 characters.
exact-match: Indicates theexact matchlist. It isa non-exact match list bydefault, that is,the match rule ismet as
long as the routing attributes contain the attributes specified by a community list.

Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the community attribute specified in a community list.

Command

match extcommunity { standard-list-number | standard-list-name | expanded-list-num | expanded-list-name }

Parameter

standard-list-number:IndicatesanID,rangingfrom1to99.Itisusedtoidentifyastandardextcommunitylist.One

Description

extcommunity list may contain multiple extcommunity values.
standard-list-name:Indicatesthename ofa standardextcommunitylist.It isusedtoidentifythename of astandard
extcommunity list. One extcommunity list may contain multiple extcommunity values.
expanded-list-num:IndicatesanID,rangingfrom100to199.Itisusedtoidentifyanextcommunitylist.One
extcommunity list may contain multiple extcommunity values.
expanded-list-name: Indicates the name of an extcommunity. It is used to identify the name of an extcommunity list.
One extcommunity list may contain multiple extcommunity values.

Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the extended community attribute specified in an extcommunity list.

Command

match interface interface-type interface-number [ …interface-type interface-number ]

Parameter

interface-type interface-number: Indicates the interface type and interface number.

Description
Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the next-hop output interface of a route or a packet.

Command

match ip address { access-list-number [ access-list-number... | access-list-name... ] | access-list-name
[ access-list-number...| access-list-name ] | prefix-list prefix-list-name [ prefix-list-name... ] }

Parameter

access-list-number: Indicates the access list number. For a standard access list, the value ranges are 1 to 99 and 1300

Description

to 1999. For an extended access list, the value ranges are 100 to 199 and 2000 to 2699.
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access-list-name: Indicates the access list name.
prefix-list prefix-list-name: Indicates the name of a prefix-list to be matched.
Command

Route map configuration mode

Mode
Usage Guide

This match rule matches the destination IPv4 address of a packet or route by using an ACL or a prefix-list.

Command

match ip next-hop { access-list-number [ access-list-number... | access-list-name... ] | access-list-name
[ access-list-number... | access-list-name ] | prefix-list prefix-list-name [ prefix-list-name... ] }

Parameter

access-list-number: Indicates the access list number. For a standard access list, the value ranges are 1 to 99 and 1300

Description

to 1999. For an extended access list, the value ranges are 100 to 199 and 2000 to 2699.
access-list-name: Indicates the access list name.
prefix-list prefix-list-name: Indicates the name of a prefix-list to be matched.

Command

Route map configuration mode

Mode
Usage Guide

Thismatch rule matches thenext-hop IPv4 addressof a route by using an ACL or a prefix-list.An ACL and a prefix-list
cannot be configured at the same time.

Command

match ip route-source { access-list-number [ access-list-number... | access-list-name... ] | access-list-name
[ access-list-number... | access-list-name ] | prefix-list prefix-list-name [ prefix-list-name... ] }

Parameter

access-list-number: Indicates the access list number. For a standard access list, the value ranges are 1 to 99 and 1300

Description

to 1999. For an extended access list, the value ranges are 100 to 199 and 2000 to 2699.
access-list-name: Indicates the access list name.
prefix-list prefix-list-name: Indicates the name of a prefix-list to be matched.

Command

Route map configuration mode

Mode
Usage Guide

This match rule matches the source IPv4 address of a route by using an ACL or a prefix-list. An ACL and a prefix-list
cannot be configured at the same time.

Command

match ipv6 address { access-list-name | prefix-list prefix-list-name }

Parameter

access-list-name: Indicates the access list name.

Description

prefix-list prefix-list-name: Indicates the name of an IPv6 prefix-list to be matched.

Command

Route map configuration mode

Mode
Usage Guide

Thismatch rulematchesthe destination IPv6address of a packet or routeby usingan ACL or a prefix-list.An ACLand
a prefix list cannot be configured at the same time.

Command

match ipv6 next-hop { access-list-name | prefix-list prefix-list-name }

Parameter

access-list-name: Indicates the access list name.

Description

prefix-list prefix-list-name: Indicates the name of an IPv6 prefix-list to be matched.

Command

Route map configuration mode

Mode
Usage Guide

Thismatch rule matches thenext-hop IPv6 addressof a route by using an ACL or a prefix-list.An ACL and a prefix-list
cannot be configured at the same time.
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Command

match ipv6 route-source { access-list-name | prefix-list prefix-list-name }

Parameter

access-list-name: Indicates the access list name.

Description

prefix-list prefix-list-name: Indicates the name of an IPv6 prefix-list to be matched.

Command

Route map configuration mode

Mode
Usage Guide

This match rule matches the source IPv6 address of a route by using an ACL or a prefix-list. An ACL and a prefix-list
cannot be configured at the same time.

Command

match metric metric

Parameter

metric: Indicates the metric value of a route, ranging from 0 to 4,294,967,295.

Description
Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the metric value of a route.

Command

match origin { egp | igp | incomplete }

Parameter

egp: Indicates the source is remote EGP.

Description

igp: Indicates the source is local IGP.
incomplete: Indicates that the source is an incomplete type.

Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the source of a route.

Command

match route-type { local | internal | external [ type-1 | type-2 ] | level-1 | level-2 }

Parameter

local: Indicates a route locally generated.

Description

Internal: Indicates an internal OSPF route.
external: Indicates an external route (that of BGP or OSPF).
type-1 | type-2: Indicates type-1 or type-2 external route of OSPF.
level-1 | level-2: Indicates level-1 or level-2 route of ISIS.

Command

Route map configuration mode

Mode
Usage Guide

This match rule is used to match the type of a route.

Command

match tag tag [ …tag ]

Parameter

tag: Indicates the tag value of a route.

Description
Command

Route map configuration mode

Mode
Usage Guide



This match rule is used to match the tag value of a route.

Setting the Processing Actions of a Policy

Command
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Parameter

as-number: Indicates the AS number of an aggregator. The AS number ranges from 1 to 4,294,967,295, which can be

Description

indicated by 1 to 65535.65535 in the dot mode.
ip-address: Indicates the address of an aggregator.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to modify the AS attribute value of a route's aggregator.

Command

set as-path prepend as-number

Parameter

as-number: Indicates the AS number to be added to the AS_PATH attribute. The AS number ranges from 1 to

Description

4,294,967,295, which can be indicated by 1 to 65535.65535 in the dot mode.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to add a specified as-path attribute value.

Command

set as-path replace as-number

Parameter

as-number: Indicates the AS number which will replace the AS_PATHattribute. The AS number ranges from 1 to

Description

4,294,967,295, which can be indicated by 1 to 65535.65535 in the dot mode.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to replace the specified as-path attribute value.

Command

set atomic-aggregate

Parameter

-

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the atomic-aggregate attribute of a route.

Command

set comm-list { community-list-number | community-list-name } delete

Parameter

community-list-number: Indicates the community list number. For a standard community list, the value ranges from 1

Description

to 99. For an extcommunity list, the value ranges from 100 to 199.
community-list-name: Indicates the community list name, comprising not more than 80 characters.

Command

Route map configuration mode

Mode
Usage Guide

This rule is used to delete all community attribute values from the community list for a route matching the match
rules.

Command

set community { community-number [ community-number … ] additive | none }

Parameter

community-number: Indicates the community attribute value.

Description

additive: Adds a number based on the original community attribute.
none: Keeps the community attribute empty.

Command

Route map configuration mode

Mode
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Usage Guide

This set rule is used to set the community attribute value of a route.

Command

set dampening half-life reuse suppress max-suppress-time

Parameter

half-life:half-lifewhen arouteisaccessibleornotaccessible,rangingfrom1to45minutes.Thedefaultvalueis15

Description

minutes.
reuse:Whenthepenaltyvalueofarouteissmallerthanthisvalue,routesuppressionwillbecanceled.Thevalue
ranges from 1 to 20,000 and the default value is 750.
suppress: When the penalty value of a route is greater than this value, the route will be suppressed. The value ranges
from 1 to 20,000 and the default value is 2,000.
max-suppress-time: Indicates the longest timethat a route can be suppressed, ranging from 1 to255 minutes. The
default value is 4 x half-life.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the flapping parameters of a route.

Command

set extcomm-list { extcommunity-list-number | extcommunity-list-name } delete

Parameter

extcommunity-list-number: Indicates the extcommunity list number. For a standard extcommunity list, the value

Description

ranges from 1 to 99. For an extended extcommunity list, the value ranges from 100 to 199.
extcommunity-list-name: Indicates the extcommunity list name, comprising not more than 80 characters.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to delete all extended community attribute values from the extcommunity attribute list for a
route matching the match rules.

Command

set extcommunity { rt extend-community-value | soo extend-community-value }

Parameter

rt: Sets the RT attribute value of a route.

Description

soo: Sets the SOO attribute value of a route.
extend-community-value: Indicates the value of an extended community.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the extended community attribute value of a route.

Command

set fast-reroute backup-interface interface-type interface-number [ backup-nexthop ip-address ]

Parameter

interface-type interface-number: Specifies a backup output interface.

Description

backup-nexthop ip-address: Specifies a backup next hop. For a non-point-to-point interface, a backup next hop
must be specified.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the backup output interface and next hop of a fast reroute.

Command

set ip default next-hop ip-address [ weight ] [ …ip-address [ weight ] ]

Parameter

ip-address: Indicates the next-hop IP address.
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Description

weight: Indicates the weight of this next hop.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to specify the default next hop of a route.

Command

set ip dscp dscp_value

Parameter

dscp_value: Sets the DSCP value in the IP header of an IP packet.

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to modify the dscp field of an IP packet.

Command

set ip next-hop recursive ip-address

Parameter

ip-address: Indicates the recursive next-hop IP address.

Description
Command

Route map configuration mode

Mode
Usage Guide

This command is used only for PBR configuration.
Thisset ruleis usedtospecify therecursive next hop of aroute. An IPaddress canrecur toa static ordynamic route
that has an output interface and a next-hop IP address. A maximum of 32 next hops are supported. If a recursive
route is a static route, only one next hop is supported for the static recursive route.

Command

set ip next-hop verify-availability ip-address [track track-obj-number | bfd interface-type interface-number
gateway ]

Parameter

ip-address: Indicates the next-hop IP address.

Description

track:Judgeswhetherthenext hopiseffectivebyusingTrack.
bfd: Indicates that BFD is used for neighbor detection.
interface-type: Configures the interface type.
interface-number: Configures the interface number.
gateway: Configures the gateway IP address, which is the neighbor IP address of BFD. If the next hop is configured as
the neighbor, BFD will be used to detect the accessibility of the forwarding path.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to specify the next hop of a route, and BFD is used to fast detect the effectiveness of the next
hop.

Command

set ip precedence { number | critical | flash | flash-override | immediate | internet | network | priority | routine }

Parameter

number: Indicates the priority of the IP header with a number, ranging from 0 to 7.

Description

7: critical
6: flash
5: flash-override
4: immediate
3:internet
2: network
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1: priority
0: routine
critical | flash | flash-override | immediate | internet | network | priority | routine: priority of an IP header.
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to modify the precedence field of an IP packet header.

Command

set ip tos { number | max-reliability | max-throughput | min-delay | min-monetary-cost | normal }

Parameter

number:IndicatestheTOSvalueof anIPheaderwithanumber,rangingfrom0to15.

Description

2: max-reliability
4: max-throughput
8: min-delay
1: min-monetary-cost
0: normal
max-reliability | max-throughput | min-delay | min-monetary-cost | normal: priority of an IP header.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to modify the tos field of an IP packet.

Command

set ipv6 default next-hop global-ipv6-address [ weight ] [ global-ipv6-address [ weight ] ... ]

Parameter

global-ipv6-address: Indicates the next-hop IPv6 address for packet forwarding. The next-hop router must be a

Description

neighbor router.
weight: Indicates the weight in the load balancing mode, ranging from 1 to 8. A larger value means larger packet
traffic to be shared by the next hop.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to specify the default next hop IPv6 address of a route.

Command

set ipv6 next-hop global-ipv6-address [ weight ] [ global-ipv6-address [ weight ] ... ]

Parameter

global-ipv6-address: Indicates the next-hop IPv6 address for packet forwarding. The next-hop router must be a

Description

neighbor router.
weight: Indicates the weight in the load balancing mode, ranging from 1 to 8. A larger value means larger packet
traffic to be shared by the next hop.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to specify the next hop IPv6 address of a route.

Command

set ipv6 next-hop verify-availability global-ipv6-address bfd interface-type interface-number gateway

Parameter

global-ipv6-address:Indicates the next-hop IPv6 address.

Description

bfd: Indicates that BFD is used for neighbor detection.
interface-type: Configures the interface type.
interface-number: Configures the interface number.
gateway: Configures the gateway IPv6 address, which is the neighbor IPv6 address of BFD. If the next hop is
configured as the neighbor, BFD will be used to detect the accessibility of the forwarding path.
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Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to specify the next hop of a route and BFD is used to fast detect the effectiveness of the next hop.

Command

set ipv6 fast-reroute backup-interface interface-type interface-number [ backup-nexthop ip-address ]

Parameter

interface-type interface-number: Specifies the backup egress.

Description

backup-nexthop ip-address: Specified the backup next hop, which is mandatory for non-P2P interfaces.

Command

Routing map configuration mode

Mode
Usage Guide

This set rule is used to specify the backup egress and next hop of FRR.

Command

set ipv6 precedence { number | critical | flash |flash-override | immediate | internet | network | priority | routine}

Parameter

number: Indicates the priority of the IP header with a number, ranging from 0 to 7.

Description

7: critical
6: flash
5: flash-override
4: immediate
3:internet
2: network
1: priority
0: routine
critical | flash | flash-override | immediate | internet | network | priority | routine: priority of an IP header.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the priority of an IPv6 packet header.

Command

set level { level-1 | level-2 | level-1-2 | stub-area | backbone }

Parameter

level-1: Indicates that the re-distribution route is advertised to ISIS Level 1.

Description

level-2: Indicates that the re-distribution route is advertised to ISIS Level 2.
level-2: Indicates that the re-distribution route is advertised to ISIS Level 1 and Level 2.
stub-area: Indicates that the re-distribution route is advertised to OSPF Stub Area.
backbone: Indicates that the re-distribution route is advertised to the OSPF backbone area.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the destination area type to which a route will be redirected.

Command

set local-preference number

Parameter

number:Indicatesthe metricvalue of alocalpriority,ranging from0to4,294,967,295. A larger value means ahigher

Description

priority.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the local-preference attribute value of a route.

Command

set metric [ + metric-value | - metric-value | metric-value ]
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Parameter

+:Increases(basedonthemetricvalueoftheoriginalroute).

Description

-: Decreases (based on the metric value of the original route).
metric-value: Sets the metric value of a re-distribution route. A larger value means a lower priority.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to modify the metric value of a route.

Command

set metric-type type

Parameter

type: Sets the type of a re-distribution route. The default type of an OSPF re-distribution route is type-2.

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the metric type.

Command

set next-hop ip-address

Parameter

ip-address: Indicates the next-hop IP address.

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the next-hop IP address.

Command

set origin { egp | igp | incomplete }

Parameter

egp: Indicates the source is remote EGP.

Description

igp: Indicates the source is local IGP.
incomplete:Indicates that the sourceistheincomplete type and generallyrefers toa routegenerated due to
re-distribution.

Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the source attribute of a route.

Command

set originator-id ip-address

Parameter

ip-address: Indicates the address of an originator.

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the originator IP address of a route.

Command

set tag tag

Parameter

tag: Sets the tag of a re-distribution route.

Description
Command

Route map configuration mode

Mode
Usage Guide
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Command

set distance number

Parameter

number: The greater the administrative value, the lower the priority.

Description
Command

Route map configuration mode

Mode
Usage Guide

This set rule is used to set the administrative distance.

Command

set weight number

Parameter

number: Sets the weight of a route, ranging from 0 to 65,535. A larger value means a higher priority.

Description
Command

Route map configuration mode

Mode
Usage Guide



This set rule is used to set the weight of a route.

Setting Configuration not Associated with Policy

Command

statement-name [ name ]

Parameter

name: Statement name

Description
Command

Route map configuration mode

Mode
Usage Guide

Run the show route-map command to display the configurations of a route map.
Ifan ACLisusedwhen aroutemapisconfigured, youcanruntheshowaccess-listcommandtodisplaythe
configurations of theACL.



Displaying the Configurations of a Route Map

Command

show route-map [ name ]

Parameter

name: Specifies a route map.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Run the show route-map command to display the configurations of a route map.
IfanACLisusedwhen aroutemapisconfigured, youcanruntheshowaccess-listcommandtodisplaythe
configurations of the ACL.

Configuration Example



Using a Route Map in Route Re-distribution to Filter and Modify Routing Information

Scenario

As shown in Figure 1- 4, a device is connected to both an OSPF routing domain and RIP routing domain.

Figure 1- 4



Re-distributeonlyRIProuteswith4hopstoOSPF.IntheOSPFroutedomain, iftheroutetype istheexternal
route type-1, set the tag value of the route to 40.
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of this route to 10.
Configuration



Configure the route map redrip: Match a route with 4 hours, set the initial metric value of the route to 40, set
the route type to the external route type-1, and set the tag value of the route to 40.

Steps



Configure the route map redospf: match a route with the tag value 10 and set the initial metric value of the
route to 10.



Configure re-distribution of the RIP route to OSPF and apply the route map redrip.



Configure re-distribution of the OSPF route to RIP and apply the route map redospf.

FS(config)# route-map redrip permit 10
FS(config-route-map)# match metric 4
FS(config-route-map)# set metric-type type-1
FS(config-route-map)# set tag 40
FS(config-route-map)# exit
FS(config)# route-map redospf permit 10
FS(config-route-map)# match tag 10
FS(config-route-map)# set metric 10
FS(config-route-map)# exit
FS(config)# router ospf 1
FS(config-router)# redistribute rip subnets route-map redrip
FS(config-router)# exit
FS(config)# router rip
FS(config-router)# redistribute ospf 1 route-map redospf
FS(config-router)# exit

Verification



Check the configurations of the route map to verify the policy rules.



Check the OSPF routing information library to verify that the rules matching the policy rules are re-distributed.

FS# show route-map
route-map redrip, permit, sequence 10
Match clauses:
metric 4
Set clauses:
metric 40
metric-type type-1
tag 40
route-map redospf, permit, sequence 10
Match clauses:
tag 10

www.fs.com
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Set clauses:
metric 10
FS# show ip ospf database external

OSPF Router with ID (192.100.1.9) (Process ID 1)

AS External Link States

LS age: 5
Options: 0x2 (-|-|-|-|-|-|E|-)
LS Type: AS-external-LSA
Link State ID: 192.168.199.0 (External Network Number)
Advertising Router: 192.100.1.9
LS Seq Number: 80000001
Checksum: 0x554d
Length: 36
Network Mask: /24
Metric Type: 1
TOS: 0
Metric: 4
Forward Address: 0.0.0.0
External Route Tag: 40



Applying a Route Map in PBR

Scenario
Figure 1- 5

www.fs.com
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Configure PBR on the device DEV1 to achieve the following purposes:



Packets from subnet 1 (200.24.16.0/24) are sent from GE0/1 first.



Packets from subnet 2 (200.24.17.0/24) are sent from GE0/2 first.



The two output links work in the mutual backup mode.

Configuration



Configure two different ACLs to match packets from subnets 1 and 2 respectively.

Steps



Configure the route map RM_FOR_PBR: policy 10 is used to ensure that "packets from subnet 1 are sent from
GE0/1 first"; policy 20 is used to ensure that "packets from subnet 2 are sent from GE0/2 first".



Configure PBR for packets received from GE0/3 and apply the route map RM_FOR_PBR.



Set PBR to implement redundant backup among multiple next hops.
In the redundant backup mode, the sequence of multiple set next hops is the sequence of the priorities for
taking effect.

FS(config)# access-list 1 permit 200.24.16.0 0.0.0.255
FS(config)# access-list 2 permit 200.24.17.0 0.0.0.255
FS(config)# route-map RM_FOR_PBR 10
FS(config-route-map)# match ip address 1
FS(config-route-map)# set ip next-hop 200.24.18.1
FS(config-route-map)# set ip next-hop 200.24.19.1
FS(config-route-map)# exit
FS(config)# route-map RM_FOR_PBR 20
FS(config-route-map)# match ip address 2
FS(config-route-map)# set ip next-hop 200.24.19.1
FS(config-route-map)# set ip next-hop 200.24.18.1
FS(config-route-map)# exit
FS(config)# interface GigabitEthernet 0/3
FS(config-if)# ip policy route-map RM_FOR_PBR
FS(config)# ip policy redundance

Verification



Check the configurations of PBR to verify that the route map is applied to the interfaces.



Check the configurations of the route map to verify the policy rules.



Check the ACL configurations to verify the packet filtering rules.

FS# show ip policy
Balance mode: redundance
Interface
GigabitEthernet 0/3

Route map
RM_FOR_PBR

!
FS# show route-map

www.fs.com
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route-map RM_FOR_PBR, permit, sequence 10
Match clauses:
ip address 1
Set clauses:
ip next-hop 200.24.18.1
ip next-hop 200.24.19.1
route-map RM_FOR_PBR, permit, sequence 20
Match clauses:
ip address 2
Set clauses:
ip next-hop 200.24.19.1
ip next-hop 200.24.18.1
FS# show access-lists
ip access-list standard 1
10 permit 200.24.16.0 0.0.0.255
10 permit 200.24.16.0 0.0.0.255
ip access-list standard 2
10 permit 200.24.17.0 0.0.0.255
Common Errors



After matching of ACLs and prefix-lists is configured, the corresponding ACLs and prefix lists are not defined.

1.4.2 Configuring a Filtering List

Configuration Effect



Define a set of route filtering rules to be used by routing protocols.

Notes



A configured filtering list can take effect only after it is associated with a routing protocol.

Configuration Steps



Configuring a Prefix-List



To filter address prefixes, you should perform this configuration.



If there is no special requirement, you should perform this configuration on a route for which filtering based on a prefix-list
needs to be performed.



Configuring an AS Path List



To filter address prefixes, you should perform this configuration.
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If there is no special requirement, you should perform this configuration on a route for which filtering based on an AS path
needs to be performed.



Configuring a Community List



To filter community attributes, you should perform this configuration.



If there is no special requirement, you should perform this configuration on a route for which community attributes need to be
filtered.



Configuring an Extcommunity List



To filter extended community attributes, you should perform this configuration.



If there is no special requirement, you should perform this configuration on a route for which extended community attributes
need to be filtered.

Verification



Check whether the filtering list is correctly configured.



Check the routing table to verify that routes can be correctly filtered.

Related Commands



Defining AS Path Filtering Rules

Command

ip as-path access-list path-list-num { permit | deny } regular-expression

Parameter

path-list-num: Indicates an AS-path ACL name based on a regular expression and is an AS path list identifier, ranging

Description

from 1 to 500.
permit: Permits access.
deny: Denies access.
regular-expression: Indicates a regular expression, ranging from 1 to 255.

Command

Global configuration mode

Mode
Usage Guide



-

Defining a Community List

Command

ip community-list { { standard | expanded } community-list-name | community-list-number } { permit | deny }
[ community-number.. ]

Parameter

standard: Indicates a standard community list.

Description

expanded: Indicates an extended community list.
community-list-name: Indicates the community list name, comprising not more than 80 characters.
community-list-number: Indicates the community list number. For a standard community list, the value ranges from
1 to 99. For an extended community list, the value ranges from 100 to 199.
permit: Permits access.
deny: Denies access.
community-number: Indicates the community attribute value.

Command

Global configuration mode

Mode
Usage Guide
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Use this command to define a community list used for BGP.

753

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Defining an Extcommunity List

Command

ip extcommunity-list {expanded-list | expanded list-name } { permit | deny } [ regular-expression ]

Parameter

expand-list:Indicatesanextendedextcommunitylist,rangingfrom100to199. Oneextcommunitylistmaycontain

Description

multiple rules.
standard-list:Indicatesastandardextcommunitylist,ranging from1to99.Oneextcommunitylistmaycontain
multiple rules.
expanded list-name: Indicates the name of an extended extcommunity, comprising not more than 32 characters.
When using this parameter, you enter the extcommunity list configuration mode.
standard list-name: Indicates the name of a standard extcommunity list, comprising not more than 32 characters.
When using this parameter, you enter the extcommunity list configuration mode.
permit: Defines an extcommunity rule for permitting.
deny: Defines an extcommunity rule for denying.
regular-expression: (optional) Defines a matching template that is used to match an extcommunity.
sequence-number: (Optional) Defines the sequence number of a rule, ranging from1 to 2,147,483,647. If no
sequence number is specified, the sequence number automatically increases by 10 when a rule is added by default.
The initial number is 10.
rt:(Optional) SetstheRTattributevalue.Thiscommandcanbe usedonlyforthestandardextcommunity
configuration, but not for the extended extcommunity configuration.
soo: (Optional) Sets the SOO attribute value. This command can be used only for the standard extcommunity
configuration, but not for the extended extcommunity configuration.
value: Indicates the value of an extended community (extend_community_value).

Command

Global configuration mode and ip extcommunity-list configuration mode

Mode
Usage Guide



-

Creating a Prefix-List

Command

ip prefix-list prefix-list-name [ seq seq-number ] { deny | permit } ip-prefix [ ge minimum-prefix-length ] [ le
maximum-prefix-length ]

Parameter

prefix-list-name: Indicates the prefix-list name.

Description

seq-number:Assigns asequencenumber toan prefix-listentry, ranging from1to2,147,483,647. If thiscommand
doesnot containthesequencenumber,thesystemwillassignadefaultsequencenumber totheprefix-listentry.The
default sequence number of the first entry is 5. Subsequently, the default sequence number of each entry not
assigned with a value is the first multiple of 5 greater than the previous sequence number.
deny: Denies access when certain conditions are matched.
permit: Permits access when certain conditions are matched.
ip-prefix: Configures the IP address and mask, ranging from 0 to 32 digits.
minimum-prefix-length: Specifies the minimum range (namely, the start length of a range).
maximum-prefix-length: Specifies the maximum range (namely, the end length of a range).

Command

Global configuration mode

Mode
Usage Guide



-

Adding Description to a Prefix-List

Command

www.fs.com
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Parameter

prefix-list-name: Indicates the prefix-list name.

Description

descripton-text: Describes the prefix-list.

Command

Global configuration mode

Mode
Usage Guide



-

Enabling the Sorting Function for a Prefix-List

Command

ip prefix-list sequence-number

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide



-

Creating an IPv6 Prefix-List

Command

ipv6 prefix-list prefix-list-name [ seq seq-number ] { deny | permit } ipv6-prefix [ ge minimum-prefix-length ] [ le
maximum-prefix-length ]

Parameter

prefix-list-name: Indicates the prefix-list name.

Description

seq-number:Assigns asequencenumber toanprefix-listentry,ranging from1to2,147,483,647. Ifthiscommand
doesnot containthesequencenumber,thesystemwillassignadefaultsequencenumber totheprefix-listentry.The
default sequence number of the first entry is 5. Subsequently, the default sequence number of each entry not
assigned with a value is the first multiple of 5 greater than the previous sequence number.
deny: Denies access when certain conditions are matched.
permit: Permits access when certain conditions are matched.
ipv6-prefix: Configures the IP address and mask, ranging from 0 to 128 digits.
minimum-prefix-length: Specifies the minimum range (namely, the start length of a range).
maximum-prefix-length: Specifies the maximum range (namely, the end length of a range).

Command

Global configuration mode

Mode
Usage Guide



-

Adding Description to an IPv6 Prefix List

Command

ipv6 prefix-list prefix-list-name description descripton-text

Parameter

prefix-list-name: Indicates the prefix list name.

Description

descripton-text: Describes the prefix list.

Command

Global configuration mode

Mode
Usage Guide



-

Enabling the Sorting Function for an IPv6 Prefix-List

Command

ipv6 prefix-list sequence-number

Parameter

-

Description
Command

www.fs.com
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Mode
Usage Guide

-

Configuration Example



Configuring a Prefix-List

Scenario
Figure 1- 6

Configuration



Configure an IBGP neighbor and advertise the neighbor to the three connected subnets.

Steps



Configure a prefix-list.



Associate a prefix-list with A to filter sent routes.

A

A# configure terminal
A(config)# ip prefix-list pre1 permit 192.168.1.0/24
A(config)# router bgp 100
A(config-router)# neighbor 1.1.1.2 prefix-list pre1 out
A(config-router)# end

Verification

www.fs.com



Run the show command to display the prefix-list.



Run the show command to display the BGP routing table to check whether the filtering behavior is correct.

756

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

A

A# show ip prefix-list
ip prefix-list pre1: 1 entries
seq 5 permit 192.168.1.0/24

A# show ip bgp
BGP table version is 2, local router ID is 1.1.1.1
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*> 192.168.1.0

0.0.0.0

0

32768

i

*> 192.168.2.0

0.0.0.0

0

32768

i

*> 192.168.3.0

0.0.0.0

0

32768

i

Total number of prefixes 3
B

B# show ip bgp
BGP table version is 4, local router ID is 1.1.1.2
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
*>i192.168.1.0

Next Hop
1.1.1.1

Metric
0

LocPrf
100

Weight Path
0

i

Total number of prefixes 1



Configuring an AS Path List

www.fs.com
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Scenario
Figure 1- 7

Configuration



Create an AS-path filtering rule to match path information including only AS 200.

Steps



Establish EBGP neighborship on A with B and C.



Associate an AS-path list with A to filter the routes received from B and C.

A

A(config)# ip as-path access-list 123 permit
^200$ A(config)# router bgp 100
A(config)# neighbor 192.168.1.2 filter-list 123 in
A(config)# neighbor 192.168.2.2 filter-list 123 in

Verification
A



Run the show command to display the AS-path list.



Run the show command to display the BGP routing table to check whether the filtering behavior is correct.

A# show ip as-path-access-list
AS path access list 123
permit ^200$

//Whenno AS-path listisassociatedwith A,runthe show command tocheck theBGProutingtable.
A(config)# show ip bgp
BGP table version is 1, local router ID is 1.1.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*>10.0.0.0/24

192.168.1.2

0

0 200 i

*>20.0.0.0/24

192.168.2.2

0

0 300 i

Total number of prefixes 2
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//Whenan AS-path listisassociated withA, runthe show command todisplay the BGProuting tableand check
whether the filtering behavior is correct.
A(config)# show ip bgp
BGP table version is 1, local router ID is 1.1.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
*> 10.0.0.0/24

Next Hop
192.168.1.2

Metric

LocPrf

0

Weight Path
0 200 i

Totalnumber of prefixes 1



Configuring a Community List

Scenario
Figure 1- 8

Configuration



Define a standard community list to match the community attribute 100: 20.

Steps



Establish EBGP neighborship between A and B.



Advertise a route with the community attribute on B.



Associate the community list on A (BGP can be applied only through a route map) to filter routes received on B.

A

A(config)# ip community-list standard test permit 100:20
A(config)# route-map COM
A(config-route-map)# match community test
A(config-route-map)# exit
A(config)# router bgp 100
A(config-router)# neighbor 192.168.1.2 route-map COM in

B

B(config)# route-map comm1
B(config-route-map)# set community 100:20 200:20
B(config-route-map)# route-map comm2
B(config-route-map)# set community 100:20

www.fs.com

759

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

B(config-route-map)# route-map comm3
B(config-route-map)# set community200:20
B(config-route-map)# exit
B(config)# router bgp 200
B(config-router)# neighbor 192.168.1.1 send-community
B(config-router)# network 10.0.0.0 mask 255.255.255.0 route-map comm1
B(config-router)# network 20.0.0.0 mask 255.255.255.0 route-map comm2
B(config-router)# network 30.0.0.0 mask 255.255.255.0 route-map comm3
B(config-router)# network 40.0.0.0 mask 255.255.255.0

Verification
A



Run the show command to display the community list.



Run the show command to display the BGP routing table to check whether the filtering behavior is correct.

A# show ip community-list
Named Community standard list test
permit 100:20

//When no community list is associated withA, run the show command to checkthe BGP routing table.
A# show ipbgp
BGP table version is 1, local router ID is 192.168.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*>10.0.0.0/24

192.168.1.2

0

0 200 i

*>20.0.0.0/24

192.168.1.2

0

0 200 i

*>30.0.0.0/24

192.168.1.2

0

0 200 i

*>40.0.0.0/24

192.168.1.2

0

0 200 i

Total number of prefixes 4

A# show ip bgp 10.0.0.0
BGP routing table entry for 10.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)

www.fs.com

760

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP, metric 0, localpref 100, valid, external, best
Community: 100:20 200:20
Last update: Wed Nov 6 18:58:18 2013

A# show ip bgp 20.0.0.0
BGP routing table entry for 20.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP, metric 0, localpref 100, valid, external, best
Community: 100:20
Last update: Wed Nov 6 18:58:18 2013

A# show ip bgp 30.0.0.0
BGP routing table entry for 30.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP, metric 0, localpref 100, valid, external, best
Community: 200:20
Last update: Wed Nov 6 18:58:18 2013

A# show ip bgp 40.0.0.0
BGP routing table entry for 40.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP, metric 0, localpref 100, valid, external, best
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Last update: Wed Nov 6 18:58:18 2013

//When a community list isassociated with A, run the show command to display the BGP routing table and check
whether the filtering behavior is correct.
A# show ip bgp
BGP table version is 1, local router ID is 192.168.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*>10.0.0.0/24

192.168.1.2

0

0 200 i

*>20.0.0.0/24

192.168.1.2

0

0 200 i

Totalnumber ofprefixes 2
A#
A# show ip bgp 10.0.0.0
BGP routing table entry for 10.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Community: 100:20 200:20
Last update: Wed Nov 6 19:02:49 2013

A# show ip bgp 20.0.0.0
BGP routing table entry for 20.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Community: 100:20
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Last update: Wed Nov 6 19:02:49 2013



Configuring an Extcommunity List

Scenario
Figure 1- 9

Configuration



Define an extcommunity list to match the extcommunity attribute RT 1: 100.

Steps



Establish EBGP neighborship between A and B.



Advertise a route with the extcommunity attribute on B.



Associate theextcommunity list with A(BGP can be applied only through a route map) tofilter routes received
on B.

A

A(config)#ipextcommunity-list 10 permitrt 1:100
A(config)# route-map EXTCOM
A(config-route-map)# match extcommunity 10
A(config-route-map)# exit
A(config)# router bgp 100
A(config-router)# neighbor 192.168.1.2 route-map EXTCOM in

B

B(config)# route-map ecomm1
B(config-route-map)# set extcommunity rt 1:100 2:200
B(config-route-map)# route-map ecomm2
B(config-route-map)# set extcommunity rt 1:100
B(config-route-map)# route-map ecomm3
B(config-route-map)# set extcommunity rt 2:200
B(config-route-map)# exit
B(config)# router bgp 200
B(config-router)# neighbor 192.168.1.1 send-community both
B(config-router)# network 10.0.0.0 mask 255.255.255.0 route-map ecomm1
B(config-router)# network 20.0.0.0 mask 255.255.255.0 route-map ecomm2
B(config-router)# network 30.0.0.0 mask 255.255.255.0 route-map ecomm3
B(config-router)# network 40.0.0.0 mask 255.255.255.0
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Verification

Run the show command to display the extcommunity list.
Run the show command to display the BGP routing table to check whether the filtering behavior is correct.

A

EG1000M(config)#show ip extcommunity-list
Extended community standard list 10
10 permit RT:1:100

//When no extcommunity list isassociated withA, run the show command tocheckthe BGP routing table.
A# show ipbgp
BGP table version is 1, local router ID is 192.168.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*>10.0.0.0/24

192.168.1.2

0

0 200 i

*>20.0.0.0/24

192.168.1.2

0

0 200 i

*>30.0.0.0/24

192.168.1.2

0

0 200 i

*>40.0.0.0/24

192.168.1.2

0

0 200 i

Totalnumber ofprefixes 4
A#
A# show ip bgp 10.0.0.0
BGP routing table entry for 10.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Extended Community: RT:1:100 RT:2:200
Last update: Wed Nov 6 19:15:12 2013

A# show ip bgp 20.0.0.0
BGP routing table entry for 20.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)
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Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Extended Community:RT:1:100
Last update: Wed Nov 6 19:15:12 2013

A# show ip bgp 30.0.0.0
BGP routing table entry for 30.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Extended Community:RT:2:200
Last update: Wed Nov 6 19:15:12 2013

A# show ip bgp 40.0.0.0
BGP routing table entry for 40.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Last update: Wed Nov 6 19:15:12 2013

//When an extcommunitylist is associated with A, run the show command todisplay the BGP routing table and
check whether the filtering behavior is correct.
A# show ip bgp
BGP table version is 1, local router ID is 192.168.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete
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Network

Next Hop

Metric

LocPrf

Weight Path

*>10.0.0.0/24

192.168.1.2

0

0 200 i

*>20.0.0.0/24

192.168.1.2

0

0 200 i

Total number of prefixes 2
A#
A# show ip bgp 10.0.0.0
BGP routing table entry for 10.0.0.0/24
Paths: (1 available, best #1, table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Extended Community: RT:1:100 RT:2:200
Last update: Wed Nov 6 19:17:04 2013

A# show ip bgp 20.0.0.0
BGP routing table entry for 20.0.0.0/24
Paths:(1available,best#1,table Default-IP-Routing-Table)
Not advertised to any peer
200
192.168.1.2 from 192.168.1.2 (192.168.1.2)
Origin IGP,metric 0, localpref 100, valid, external, best
Extended Community:RT:1:100
Last update: Wed Nov 6 19:17:04 2013
Common Errors



A filtering list is configured but is not correctly applied in a routing protocol, which causes that the filtering list cannot take
effect.

1.5 Monitoring
Displaying
Description

Command

Displays the configurations of a route

show route-map [ route-map-name ]

map.
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Displays the configurations of an ACL.

show access-lists [ id | name ]

Displays the configurations of an IPv4

show ip prefix-list [ prefix-name ]

prefix-list.
Displays the configurations of an IPv6

show ipv6 prefix-list [ prefix-name ]

prefix-list.
Displays the configurations of an

show ip as-path-access-list [ num ]

AS-path list.
Displays the configurations of a

show ip community-list [ community-list-number | community-list-name ]

community list.
Displays the configurations of an

show ip extcommunity-list [ extcommunity-list-num | extcommunity-list-name ]

extcommunity list.

2 Configuring Keys
2.1 Overview
Keys are a kind of parameters that are used in algorithms for conversion from plain text to cipher text or from cipher text to plain text.
Plain text and cipher text authentication are supported for packet authentication in a routing protocol, during which keys need to be
used.
At present, keys are used only for RIP and ISIS packet authentication.

2.2 Applications
Application

Description

RIP Authentication

RIP uses keys for packet authentication.

2.2.1 RIP Authentication

Scenario
NetworkdevicesrunRIPandusetheMD5authenticationmodetoincreasetheprotocolsecurity.
Figure 2-1

Deployment



Configure a key chain on A. Configure RIP to enable packet authentication and use the key chain.



Configure a key chain on B. Configure RIP to enable packet authentication and use the key chain.
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2.3 Features
Overview
Feature

Description

Key Chain

Provide a tool for authentication in a routing protocol.

2.3.1 Key Chain

Working Principle
A key chain may contain multiple different keys. Each key contains the following attributes:



Key ID: Identifies a key. In the current key chain, keys and IDs are mapped in the one-to-one manner.



Authenticationstring: Indicatesa setof keycharactersusedfor verifying the consistencyof authentication stringsina routing
protocol.



Lifetime:Specifiesthelifetimeofthecurrent keyfor sending orreceivingpackets.Differentauthenticationkeyscanbe usedin
different periods.

Related Configuration



Creating a Key Chain and a Key

Inthe global configuration mode, run the key chainkey-chain-name command todefine a keychain and enter the keychain
configuration mode.
In the key chain configuration mode, run the key key-id command to define a key and enter the key chain key configuration mode.



Configuring an Authentication String

In the key chain key configuration mode, run the key-string [0|7] text command to specify an authentication string.



A plain text authentication string is configured by default. The value 0 indicates that a plain text authentication key is
configured.



The value 7 indicates that a cipher text authentication string is configured.



The encryption authentication service is disabled by default. You can run the service password-encryption command to
enable the encryption service to forcibly convert plain text authentication into cipher text.



Configuring Lifetime

In the key chain key configuration mode, you can configure the lifetime of a key chain in the receiving and sending directions.



accept-lifetimestart-time{infinite|end-time|durationseconds}:Configuresthelifetimeofakeychaininthereceiving
direction.



send-lifetime start-time { infinite | end-time | duration seconds }: Configures the lifetime of a key chain in the sending direction.

2.4 Configuration
Configuration
Configuring a Key Chain
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key

Configures a key ID.

key-string

Configures a key string.

accept-lifetime
send-lifetime

Configures the lifetime in the receiving
direction.
Configures the lifetime in the sending direction.

2.4.1 Configuring a Key Chain

Configuration Effect



Define a key chain to be used by a routing protocol.

Notes



A key chain can take effect only after it is associated with a routing protocol.

Configuration Steps



Creating a Key Chain



This configuration is mandatory if a key chain needs to be used.



If there is no special requirement, you should perform this configuration on all routers for which routing protocol authentication
needs to be performed.



Configuring a Key ID



This configuration is mandatory if a key chain needs to be used.



If there is no special requirement, you should perform this configuration on all routers for which routing protocol authentication
needs to be performed.



Configuring a Key String



This configuration is mandatory if a key chain needs to be used.



If there is no special requirement, you should perform this configuration on all routers for which routing protocol authentication
needs to be performed.



Configure the Lifetime in the Receiving Direction



Optional.



If the lifetime in the sending direction is not configured, the key chain will be always effective.



Configure the Lifetime in the Sending Direction



Optional.



If the lifetime in the sending direction is not configured, the key chain will be always effective.

Verification



Usekeys in arouting protocol and observe theneighborshipestablished by the routingprotocol. If thekeys are inconsistent,
the neighborship fails to be established.

Related Commands
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Configuring a Key Chain

Command

key chain key-chain-name

Parameter

key-chain-name: Indicates the name of a key chain.

Description
Command

Global configuration mode

Mode
Usage Guide



To make a key chain take effect, you must configure at least one key.

Configuring a Key ID

Command

key key-id

Parameter

key-id: Indicates the authentication key ID in a key chain, ranging from 0 to 2,147,483,647.

Description
Command

Key chain configuration mode.

Mode
Usage Guide



-

Configuring a Key Authentication String

Command

key-string [0|7] text

Parameter

0: Specifies that the key is displayed in plain text.

Description

7: Specifies that the key is displayed in cipher text.
text: Specifies the authentication string characters.

Command

Key chain key configuration mode.

Mode
Usage Guide



-

Configuring the Lifetime in the Sending Direction

Command

send-lifetime start-time {infinite | end-time | duration seconds}

Parameter

start-time:Indicatesthestarttimeof thelifetime.

Description

infinite: Indicates that the key is always effective.
end-time: Indicates the end time of the lifetime, which must be later than start-time.
duration seconds: Specifies the duration from the start time to the end time, ranging from 1 to 2,147,483,646.

Command

Key chain key configuration mode.

Mode
Usage Guide



Run this command to define the lifetime of the key in the sending direction.

Configuring the Lifetime in the Receiving Direction

Command

accept-lifetime start-time {infinite | end-time | duration seconds}

Parameter

start-time: Indicatesthestarttimeof thelifetime.

Description

infinite: Indicates that the key is always effective.
end-time: Indicates the end time of the lifetime, which must be later than start-time.
duration seconds: Specifies the duration from the start time to the end time, ranging from 1 to 2,147,483,646.

Command

Key chain key configuration mode.

Mode
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Usage Guide

Run this command to define the lifetime of the key in the receiving direction.

Configuration Example



Configuring a Key Chain and Using the Key Chain in RIP Packet Authentication

Scenario
Figure 2- 2

Configuration



Configure a key on all routers.

Steps



Configure RIP on all routers.



Enable RIP authentication on all routers.

A

A>enable
A#configure terminal
A(config)#key chain ripchain
A(config-keychain)#key 1
A(config-keychain-key)#key-string Hello
A(config-keychain-key)#accept-lifetime 16:30:00 Oct 1 2013 duration 43200
A(config-keychain-key)#send-lifetime 16:30:00 Oct 1 2013 duration 43200
A(config-keychain-key)#exit
A(config-keychain)#key 2
A(config-keychain-key)#key-string World
A(config-keychain-key)#accept-lifetime 04:00:00 Oct 2 2013 infinite
A(config-keychain-key)#send-lifetime 04:00:00 Oct 2 2013 infinite
A(config-keychain-key)#exit
A(config)#interface gigabitEthernet 0/1
A(config-if)#ip address 192.168.27.1 255.255.255.0
A(config-if)#ipripauthenticationkey-chainripchain
A(config-if)#ip rip authentication mode md5
A(config-if)#exit
A(config)#router rip
A(config-router)#version 2
A(config-router)#network 192.168.27.0
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B

B>enable
B#configure terminal
B(config)#key chain ripchain
B(config-keychain)#key 1
B(config-keychain-key)#key-string Hello
B(config-keychain-key)#accept-lifetime 16:30:00 Oct 1 2013 duration 43200
B(config-keychain-key)#send-lifetime 16:30:00 Oct 1 2013 duration 43200
B(config-keychain-key)#exit
B(config-keychain)#key 2
B(config-keychain-key)#key-string World
B(config-keychain-key)#accept-lifetime 04:00:00 Oct 2 2013 infinite
B(config-keychain-key)#send-lifetime 04:00:00 Oct 2 2013 infinite
B(config-keychain-key)#exit
B(config)#interface gigabitEthernet 0/1
B(config-if)#ip address 192.168.27.2 255.255.255.0
B(config-if)#ip rip authentication key-chain ripchain
B(config-if)#ip rip authentication mode md5
B(config-if)#exit
B(config)#router rip
B(config-router)#version 2
B(config-router)#network 192.168.27.0
B(config-router)#redistribute static

Verification

Run the show ip route rip command to check whether router A can receive an RIP route from router B.

A

A(config)#show ip route rip
R

172.168.0.0/16 [120/1] via 192.168.27.2, 00:05:16, GigabitEthernet 0/1

Common Errors



A key is not correctly associated with a routing protocol, which causes that authentication does not take effect.



The keys configured on multiple routers are not consistent, which causes authentication failure.

2.5 Monitoring
Displaying
Description

Command

Displays the configurations of a key

show key chain [ key-chain-name ]
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chain.
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3Configuring RIP
3.1 Overview
Routing Information Protocol (RIP) is a unicast routing protocol applied on IPv4 networks. RIP-enabled routers exchange routing
information to obtain routes to remote networks.
As an Interior Gateway Protocol (IGP), RIP can run only within the autonomous system (AS) and is applicable to small-sized networks
whose longest path involves less than 16 hops.
Protocols and Standards



RFC1058: Defines RIPv1.



RFC2453: Defines RIPv2.

3.2 Applications
Application

Description

Basic RIP Application

The routing information is automatically maintained through RIP on a small-sized network.

Interworking Between RIP and BGP

Several ASs are interconnected. RIP runs within each AS, and Border Gateway Protocol (BGP)
runs between ASs.

3.2.1 Basic RIP Application

Scenario
On a network with a simple structure, you can configure RIP to implement network interworking. Configuring RIP is simpler than
configuring other IGP protocols like Open Shortest Path First (OSPF). Compared with static routes, RIP can dynamically adapt to the
network structure changes and is easier to maintain.
As shown in Figure 3- 1, to implement interworking between PC1, PC2, and PC3, you can configure RIP routes on R1, R2, and R3.
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Figure 3- 1

Deployment



Configure IP addresses and gateways on three PCs.



Configure IP addresses and subnet masks on three routers.



Configure RIP on three routers.

3.2.2 Interworking Between RIP and BGP

Scenario
Several ASs are interconnected. RIP runs within each AS, and BGP runs between ASs. Generally, RIP and BGP learn the routing
information from each other.
AsshowninFigure3-2,unicastroutingisimplementedwithinAS100andAS200usingRIP,andbetweenthetwoASsusingBGP.
Figure 3- 2 Interworking Between RIP and BGP

Remarks
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Deployment



RIP runs within AS 100 and AS 200 to implement unicast routing.



BGP runs between the two ASs to implement unicast routing.

3.3 Features
Basic Concepts



IGP and EGP

IGP runs within an AS. For example, RIP is a type of IGP.
Exterior Gateway Protocol (EGP) runs between ASs. For example, BGP is a type of EGP.



Classful Routing Protocol and Classless Routing Protocol

Protocols can be classified based on the type of routes supported:



Classful routing protocol: It supports classful routes. For example, RIPv1 is a classful routing protocol.



Classless routing protocol: It supports classless routes. For example, RIPv2 is a classless routing protocol.

Overview
Feature

Description

RIPv1 and RIPv2

RIP is available in two versions: RIPv1 and RIPv2.

Exchanging Routing

Byexchanging routinginformation, RIP-enabled devicescanautomaticallyobtainroutes toaremotenetwork

Information

and update the routes in real time.

Routing Algorithm

RIP is a protocol based on the distance-vector algorithm. It uses the vector addition method to compute the
routing information.

Avoiding Route Loops

RIP uses functions, such as split horizon and poison reverse, to avoid route loops.

Security Measures

RIP uses functions, such as authentication and source address verification, to ensure protocol security.

Reliability Measures

RIPuses functions, such as bidirectional forwarding detection (BFD) correlation, fastreroute, and graceful
restart (GR), to enhance reliability of the protocol.

Multiple Instances

RIP supports multiple instances and VPN applications.

3.3.1 RIPv1 and RIPv2

Two RIP versions are available: RIPv1 and RIPv2.
Working Principle



RIPv1

RIPv1 packets are broadcast. The broadcast address is 255.255.255.255, and the UDP port ID is 520. RIPv1 cannot identify the subnet
mask, and supports only classful routes.



RIPv2

RIPv2packetsaremulticast.Themulticastaddressis224.0.0.9,andtheUDPportIDis520.RIPv2canidentifythesubnetmask,and
supports classless routes, summarized route, and supernetting routes. RIPv2 supports plain text authentication and message digest 5
(MD5) authentication.
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Related Configuration



Enabling the RIP Process

The RIP process is disabled by default.
Run the router rip command to enable the RIP process.
You must enable the RIP process on a device; otherwise, all functions related to RIP cannot take effect.



Running RIP on an Interface

By default, RIP does not run on an interface.
Run the network command to define an address range. RIP runs on interfaces that belong to this address range.
After RIP runs on an interface, RIP packets can be exchanged on the interface and RIP can learn routes to the network segments
directly connected to the device.



Defining the RIP Version

By default, an interface receives RIPv1 and RIPv2 packets, and sends RIPv1 packets.
RuntheversioncommandtodefinetheversionofRIPpacketssentorreceivedonallinterfaces.
Runtheipripsendversioncommand todefinetheversionof RIPpacketssent onan interface.
Run the ip rip receive version command to define the version of RIP packets received on an interface.
If the versions of RIP running on adjacent routers are different, the RIPv1-enabled router will learn incorrect routes.



Preventing an Interface from Sending or Receiving Packets

By default, a RIP-enabled interface is allowed to send and receive RIP packets.
RunthenoipripreceiveenablecommandtopreventaninterfacefromreceivingRIPpackets.
Run the no ip rip send enable command to prevent an interface from sending RIP packets.
Run the passive-interface command to prevent an interface from sending broadcast or multicast RIP packets.



Configuring the Mode for Sending RIP Packets

By default, broadcast RIPv1 packets and multicast RIPv2 are sent.
Run the ip rip v2-broadcast command to send broadcast RIPv2 packets on an interface.
RuntheneighborcommandtosendunicastRIPpacketstoaspecifiedneighborrouter.
3.3.2 Exchanging Routing Information

Compared withstatic routing, thedynamic routing protocol has a significant advantage, that is, by exchanging routing information,
devices can automatically obtain routes to a remote network and update the routes in real time.
Working Principle



Initialization

After RIP is enabled on a router, the router sends a request packet toitsneighbor router,requesting for all routing information, that is,
the routing table. After receiving the request message, the neighbor router returns a response packet containing the local routing
table. After receiving the response packet, the router updates the local routing table, and sends an update packet to the neighbor
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router, informing the neighbor router of the route update information. After receiving the update packet, the neighbor router updates
the local routing table, and sends the update packet to other adjacent routers. After a series of updates, all routers can obtain and
retain the latest routing information.



Periodical Update

Bydefault, periodicalupdate isenabled forRIP.Adjacent routersexchange complete routing information witheachother every 30s
(updatetimer), that is,the entirerouting tableis sent toneighbor routers.One updatepacket contains atmost 25 routes.Therefore, a
lot of update packets may be required to send the entire routing table. Youcan set the sending delay between update packets to
avoid loss of routing information.
For every non-local route, if the route is not updated within 180s (invalid timer), the metric of the route is changed to 16
(unreachable). If the route is still not updated in the next 120s (flush timer), the route is deleted from the routing table.



Triggered Updates

After the triggered updates function is enabled, periodical update is automatically disabled. When routing information changes on a
router, the router immediately sends routes related to the change (instead of the complete routing table) to the neighbor router, and
use the acknowledgment and retransmission mechanisms to ensure that the neighbor router receives the routes successfully.
Compared with periodical update, triggered updates help reduce flooding and accelerates route convergence.
Eventsthatcantriggerupdateincluderouterstartup,interfacestatuschange, changesinroutinginformation(suchasthemetric),
and reception of a request packet.



Route Summarization

Whensending routing informationtoa neighbor router, theRIP-enabled routersummarizes subnet routesthat belong tothe same
classful network into a route, and sends the route to the neighbor router. For example, summarize 80.1.1.0/24 (metric=2) and
80.1.2.0/24 (metric=3) into 80.0.0.0/8 (metric=2), and set the metric of the summarized route to the optimum metric.
OnlyRIPv2 supportsroutesummarization.Routesummarizationcanreducethesizeoftheroutingtableandimprovetheefficiencyof
routing information exchange.



Supernetting Route

If the subnet mask length of a route is smaller than the natural mask length, this route is called supernetting route. For example, in the
80.0.0.0/6 route, as 80.0.0.0 is a Class A network address and the natural mask is 8 bits, 80.0.0.0/6 route is a supernetting route.
Only RIPv2 supports supernetting routes.



Default Route

In the routing table, a route to the destination network 0.0.0.0/0 is called default route.
The default route can be learned from a neighbor router, or sent to a neighbor router.



Route Redistribution

ForRIP,othertypesofroutes(suchasdirectroutes,staticroutes,androutesofotherroutingprotocols)arecalledexternalroutes.
External routes (excluding the default route) can be redistributed to RIP and advertised to neighbors.



Route Filtering

Filtering conditions can be configured to limit the routing information exchanged between adjacent routers. Only the routing
information that meets filtering conditions can be sent or received.
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Related Configuration



Sending Delay Between Update Packets

By default, the update packets are sent continuously without any delay.
Run the output-delay command to set the sending delay between update packets.



RIP Timers

By default, the update timer is 30s, the invalid timeris 180s,and the flushtimer is120s.
Run the timers basic command to modify durations of the RIP timers.
Increasing the duration of the flushtimer can reduce the route flapping. Decreasing the duration of the flush timer helps accelerate
route convergence.
ThedurationsofRIPtimersmustbeconsistentonadjacentrouters.Unlessotherwiserequired,youareadvisednottomodifytheRIP
timers.



Triggered Updates

By default, periodical update is enabled.
Run the ip rip triggered command to enable triggered updates on the interface and disable periodical update.
Run the ip rip triggered retransmit-timer command to modify the retransmission interval of update packets. The default value is 5s.
Runtheipriptriggeredretransmit-countcommandtomodifythemaximumretransmissiontimesofupdatepackets.Thedefault
value is 36.



Route Summarization

By default, route summarization is automatically enabled if an interface is allowed to send RIPv2 packets.
Run the no auto-summary command to disable route summarization.
Run the ip rip summary-address command to configure route summarization on an interface.



Supernetting Route

By default, supernetting routes can be sent if an interface is allowed to send RIPv2 packets.
Run the no ip rip send supernet-routes command to prevent the sending of supernetting routes.



Default Route

Run the ip rip default-information command to advertise the default route to neighbors on an interface.
Run the default-information originate command to advertise the default route to neighbors from all interfaces.



Route Redistribution

Run the redistribute command to redistribute external routes (excluding the default route) to RIP and advertise them to neighbors.



Route Filtering

Run the distribute-list out command to set filtering rules to limit the routing information sent by the device.
Run the distribute-list in command to set filtering rules to limit the routing information received by the device.
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3.3.3 Routing Algorithm

RIP is a protocol based on the distance-vector algorithm. It uses the vector addition method to compute the routing information.
Working Principle



Distance-Vector Algorithm

RIPisa protocol based on the distance-vector algorithm.The distance-vector algorithm treatsa routeas a vector that consistsof the
destination network and distance (metric).The router obtains a route from its neighbor and adds the distance vector from itself to the
neighbor to the route to form its own route.
RIP uses the hop count to evaluate the distance (metric) to the destination network. By default, the hop count from a router to its
directly connected network is 0, the hop count from a router to a network that can be reached through the router is 1, and so on. That
is, the metric is equal to the number of routers from the local network to the destination network. To restrict the convergence time,
RIP stipulates that the metric must be an integer between 0 and 15. If the metric is equal to or greater than 16, the destination
network or host is unreachable. For this reason, RIP cannot be applied on a large-scale network.
AsshowninFigure3-3,RouterAisconnectedtothenetwork10.0.0.0.RouterBobtainstheroute(10.0.0.0,0)fromRouterAandadds
the metric 1 to the route to obtain its own route ((10.0.0.0,1), and the next hop points to Router A.
Figure 3- 3



Selecting theOptimum Route

RIPselectsan optimum route based on the following principle: If multipleroutes to thesame destination network is available, arouter
preferentially selects the route with the smallest metric.
Asshown inFigure3-4, Router Aisconnectedtothenetwork10.0.0.0. Router Cobtainsthe route(10.0.0.0,0)fromRouterAand the
route (10.0.0.0,1) from Router B. Router C will select the route that is obtained from Router A and add metric 1 to this route to form its
own route (10.0.0.0,1), and the next hop points to Router A.
Figure 3- 4

When routes coming from different sources exist on a router, the route with the smallest distance is preferentially selected.
Route Source
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Directly-connected network

0

Static route

1

OSPF route

110

IS-IS route

115

RIP route

120

Unreachable route

255

Related Configuration



Modifying the Distance

By default, the distance of a RIP route is 120.
Run the distance command to modify the distance of a RIP route.



Modifying the Metric

For a RIP route that is proactively discovered by a device, the default metric is equal to the number of hops from the local network to
the destination network. For a RIP router that is manually configured (default route or redistributed route), the default metric is 1.
Runtheoffset-listincommandtoincreasethemetricofareceivedRIProute.
Run the offset-list out command to increase the metric of a sent RIP route.
Run the default-metric command to modify the default metric of a redistributed route.
Run the redistribute command to modify the metric of a route when the route is redistributed.
Run the default-information originate command to modify the metric of a default route when the default route is introduced.
Run the ip rip default-information command to modify the metric of a default route when the default route is created.
3.3.4 Avoiding Route Loops

RIP uses functions, such as split horizon and poison reverse, to avoid route loops.
Working Principle



Route Loop

A RIP route loop occurs due to inherent defects of the distance-vector algorithm.
Asshown inFigure3-5, Router Aisconnected tothenetwork 10.0.0.0, and sendsan update packetevery 30s.Router Breceivesthe
route10.0.0.0 fromRouter Aevery 30s. IfRouter Aisdisconnected from10.0.0.0, theroute to10.0.0.0 willbe deleted fromthe routing
table on Router A. Next time, the update packet sent by Router A no longer contains this route. As Router B does not receive an
update packet related to 10.0.0.0, Router B determines that the route to 10.0.0.0 is valid within 180s and uses the Update packet to
send this route to Router A. As the route to 10.0.0.0 does not exist on Router A, the route learned from Router B is added to the routing
table. Router B determines that data can reach 10.0.0.0 through Router A, and Router A determines that data can reach10.0.0.0
through Router B. In this way, a route loop is formed.
Figure 3- 5
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Split Horizon

Split horizon can prevent route loops. After split horizon is enabled on an interface, a route received on this interface will not be sent
out from thisinterface.
As shown in Figure 3- 6, after split horizon is enabled on the interface between Router A and Router B, Router B will not send the route
10.0.0.0 back to Router A. Router B will learn 180s later that 10.0.0.0 is not reachable.
Figure 3- 6



Poison Reverse

Poisonreversecanalsopreventrouteloops.Comparedwithslithorizon,poisonreverseismorereliable,butbringsmoreprotocol
packets, which makes network congestion more severe.
After poison reverse is enabled on an interface, a route received from this interface will be sent out from this interface again, but the
metric of this router will be changed to 16 (unreachable).
Asshown inFigure 3-7, afterlearning the route 10.0.0.0 fromRouter A, Router B setsthe metricof thisroute to16 and sends the route
back to Router A. After this route becomes invalid, Router Badvertises the route 10.0.0.0 (metric = 16) toRouter A to acceleratethe
process of deleting the route from the routing table.
Figure 3- 7

Related Configuration



Split Horizon

By default, split horizon is enabled.
Run the no ip rip split-horizon command to disable split horizon.



Poison Reverse

By default, poison reverse is disabled.
Run the ip rip split-horizon poisoned-reverse command to enable poison reverse. (After poison reverse is enabled, split horizon is
automatically disabled.)
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3.3.5 Security Measures

RIP uses functions, such as authentication and source address verification, to ensure protocol security.
Working Principle



Authentication

RIPv2 supports authentication, but RIPv1 does not.
After authentication is enabled on an interface, the routing information cannot be exchanged between adjacent devices if
authentication fails. The authentication function is used to prevent unauthorized devices from accessing the RIP routing domain.
RIPv2 supports plain text authentication and MD5 authentication.



Source Address Verification

When a RIP-enabled device receives an Update packet, it checks whether the source IP address in the packet and the IP address of the
inbound interfaceareinthesamenetworksegment. Ifnot, thedevicedropsthe packet.Sourceaddress verificationisused toensure
that RIP routing information is exchanged only between adjacent routing devices.
On an unnumbered IP interface, source address verification is not performed (not configurable).
If the triggered updates function is enabled, source address verification is automatically enabled (not configurable).
If split horizon is disabled, source address verification is automatically enabled (not configurable).
Related Configuration



Authentication

By default, authentication is disabled.
Run the iprip authentication mode text command to enable plain text authentication on an interface.
Run the ip rip authentication mode md5 command to enable MD5 authentication on an interface.
Run the ip rip authentication text-password command to set the password for plain text authentication on an interface.
Run the ipripauthentication key-chain command to referencethe key inthe configured keychain as the authentication keyon an
interface.



Source AddressVerification

By default, source address verification is enabled.
Run the no validate-update-source command to disable source address verification.
3.3.6 Reliability Measures

RIP uses functions, such as BFD correlation, fast reroute, and GR to enhance reliability of the protocol.
Working Principle



BFD Correlation and Fast Reroute

When a link or a device is faulty on the network, packets transmitted through this route will be lost until the route is converged again.
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Asshown inFigure 3- 8, after thelink between Router Aand Router S isfaulty, Router B may wait 180s before it can detect the failure
of the route (Destination network: 10.0.0.0; Next hop: Router A). Later, Router B may need to wait 30s to re-obtain the route
(Destination network: 10.0.0.0; Next hop: Router C) from Router C. Therefore, the traffic is interrupted for 210s.
Figure 3- 8

Quick detection of a route failure or fast switchover to the standby route helps shorten the traffic interruption time.



ABFDsessioncanbesetupbetweenRouterAandRouterB,andcorrelatedwithRIP.BFDcanquicklytesttheconnectivity
between adjacent routers. Once a link is faulty, RIP can detect the route failure within 1s.



Thefastreroutefunctioncanbeenabled.Astandbyroute(Destinationnetwork:10.0.0.0;Nexthop:RouterC)canbeconfigured
on Router B in advance. Once RIP detects a route failure, the standby route is immediately enabled.



GR

GR ensures uninterrupted data transmission when the protocol is restarted. If RIP is restarted on a GR-enabled device, the forwarding
table before restart will be retained and a request packet will be sent to the neighbor so that the route can be learned again. During
the GR period, RIP completes re-convergence of the route. After the GR period expires, RIP updates the forwarding entry and
advertises the routing table to the neighbor.

Related Configuration



BFD Correlation

By default, RIP is not correlated with BFD.
Run the bfd all-interfaces command to set up the correlation between RIP and BFD. This configuration takes effect on all interfaces.
Run the ip rip bfd command to set up the correlation between RIP and BFD on the current interface.



Fast Reroute

By default, fast reroute is disabled.
Run the fast-reroute route-map command to enable fast reroute and reference the route map.
Run the set fast-reroute backup-interface backup-nexthop command to configure a standby route in the route map.
3.3.7 Multiple Instances

Working Principle
Multiple VPN instances may exist on a device.
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RIP supports multiple instances. You can enable the RIP process in VPN routing and forwarding (VRF) address family mode to run RIP
on VPN instances. One VRF address family is mapped to one VPN instance.
VPNinstances cannot be distinguishedfromeach other when you performRIP operations using SNMP.Youmust bind the
management information base (MIB) of RIP with a VPN instance before the SNMP operations take effect on the VPN instance.
Related Configuration



VRF Address Family

By default, the RIP process runs on a public network instance.
Run the address-family command to create a VRF address family and enter VRF address family mode.
Run the exit-address-family command to exit from VRF address family mode.
Run the no address-family command to delete a VRF address family.



MIB Binding

By default, the RIP MIB is bound with a public network instance.
Run the enable mib-binding command to bind the RIP MIB with a VPN instance.

3.4 Configuration
Configuration
Configuring RIP Basic Functions

Description and Command
(Mandatory) It is used to build a RIP routing domain.
router rip

Enables a RIP routing process and enters routing
process configuration mode.

network

Runs RIP on interfaces in the specified address
range.

version

Defines the RIP version.

ip rip split-horizon

Enables split horizon or poison reverse on an
interface.

passive-interface

Configures a passive interface.

Controlling Interaction of RIP

(Optional)This configuration isrequired if you wishto change the default mechanism for

Packets

sending or receiving RIP packets.
neighbor

SendsunicastRIPpacketstoaspecified neighbor.

ip rip v2-broadcast

Sends broadcast RIPv2 packets on an interface.

ip rip receive enable

Allows the interface to receive RIP packets.

ip rip send enable

Allows the interface to send RIP packets.

ip rip send version

Defines the version of RIP packets sent on an
interface.

ip rip receive version

Defines the version of RIP packets received on an
interface.

Enabling Triggered Updates

Optional.
ip rip triggered

Enabling Source Address
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Configuration

Description and Command

Verification

validate-update-source

Enabling Authentication

Enables source address verification.

(Optional) Only RIPv2 supports authentication.
ip rip authentication mode

Enables authentication and setsthe authentication
mode on an interface.

ip rip authentication text-password

Configures the password for plain text
authentication on an interface.

ip rip authentication key-chain

Configures the authentication key chain on an
interface.

Enabling Route Summarization

Enabling Supernetting Routes

(Optional) Only RIPv2 supports route summarization.
auto-summary

Enables automatic summarization of RIP routes.

ip rip summary-address

Configures route summarization on an interface.

(Optional) Only RIPv2 supports supernetting routes.
ip rip send supernet-routes

Enables advertisement of RIP supernetting routes
on an interface

Advertising the Default Route
or External Routes

Optional.
ip rip default-information

Advertises the default route to neighbors on an
interface.

default-information originate

Advertises the default route to neighbors.

redistribute

Redistributesroutesandadvertisesexternalroutes
to neighbors.

Setting Route Filtering Rules

Modifying Route Selection
Parameters

Optional.
distribute-list in

Filters the received RIP routing information.

distribute-list out

Filters the sent RIP routing information.

Optional.
distance

Modifies the administrative distance (AD) of a RIP
route.

offset-list

Increasesthemetricof a received or sent RIProute.

default-metric

Configures the default metric of an external route
redistributed to RIP.

Modifying Timers

Optional.
timers basic

Modifies the update timer, invalid timer, and flush
timer.

output-delay

Sets the sending delay between RIP route update
packets.

Enabling BFD Correlation

Enabling Fast Reroute

www.fs.com

Optional.
bfd all-interfaces

Correlates RIP with BFD on all interfaces.

ip rip bfd

Correlates RIP with BFD on an interface.

Optional.
fast-reroute route-map

Enables fastreroute and referencesthe route map.

set fast-reroute backup-interface

Configures the standby interface and standby next

backup-nexthop

hop for fast reroute in the route map.
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Configuration

Description and Command

Enabling GR

Optional.
graceful-restart

Enabling Multiple Instances

Configures the GR restarter capability.

(Optional) It is used to run RIP on VPN instances.
address-family ipv4 vrf

CreatesaVRFaddressfamilyandentersIPv4VRF
address family mode.

exit-address-family

Exits from an IPv4 VRF address family.

enable mib-binding

Binds RIP MIB with a VPN instance.

3.4.1 Configuring RIP Basic Functions

Configuration Effect



Build a RIP routing domain on the network.



Routers in the domain obtain routes to a remote network through RIP.

Notes



IPv4 addresses must be configured.



IPv4 unicast routes must be enabled.

Configuration Steps



Enabling a RIP Routing Process



Mandatory.



Unless otherwise required, this configuration must be performed on every router in the RIP routing domain.



Associating with the Local Network



Mandatory.



Unless otherwise required, this configuration must be performed on every router in the RIP routing domain.



Unless otherwise required, the local network associated with RIP should cover network segments of all L3 interfaces.



Defining the RIP Version



If RIPv2 functions (such as the variable length subnet mask and authentication) are required, enable the RIPv2.



Unless otherwise required, you must define the same RIP version on every router.



Enabling Split Horizon or Poison Reverse



By default, split horizon is enabled and poison reverse is disabled.



Unlessotherwiserequired,enablesplithorizononeveryinterfaceconnectedtothebroadcastnetwork,suchastheEthernet.
(Retain the default setting.)



Unlessotherwiserequired,enable splithorizononeveryinterfaceconnectedtothepoint-to-point(P2P) network,suchasthe
PPP and HDLC. (Retain the default setting.)



Itisrecommendedthatsplithorizon and poisonreversebedisabledonan interfaceconnectedtoanon-broadcastmulti-access
(NBMA) network, such as FR and X.25; otherwise, some devices may fail to learn the complete routing information.
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Ifthesecondary IPaddressisconfiguredforan interfaceconnectedto anon-broadcast, itisrecommendedthat splithorizon
and poison reverse be disabled.



Configuring a Passive Interface



If you want to suppress Update packets on a RIP interface, configure the interface as a passive interface.



Usethe passiveinterfacetosettheboundary oftheRIProuting domain.The networksegmentofthepassiveinterfacebelongs
to the RIP routing domain, but RIP packets cannot sent over the passive interface.



IfRIProutes needtobe exchangedon aninterface(suchasthe router interconnectinterface)inthe RIProutingdomain, this
interface cannot be configured as a passive interface.

Verification



Check the routing table on a router to verify that the route to a remote network can be obtained through RIP.

Related Commands



Enabling a RIP Routing Process

Command

router rip

Syntax
Parameter

N/A

Description
Command

Global configuration mode

Mode
Configuration

This command is used to create a RIP routing process and enter routing process configuration mode.

Usage



Associating with the Local Network

Command

network network-number [ wildcard ]

Syntax
Parameter

network-number: Indicates the number of a network.

Description

wildcard: Defines the IP address comparison bit. 0 indicates accurate matching, and 1 indicates that no comparison is
performed.

Command

Routing process configuration mode

Mode
Configuration

RIP can run and learn direct routes and RIP packets can be exchanged only on an interface covered by network.

Usage

If network 0.0.0.0 255.255.255.255 is configured, all interfaces are covered.
Ifwildcardisnot configured, theclassful addressrange isusedby default, that is, theinterfaceswhose addressesfall
into the classful address range participate in RIP operations.



Defining the RIP Version

Command

version { 1 | 2 }

Syntax
Parameter

1: Indicates RIPv1.

Description

2: Indicates RIPv2.
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Command

Global configuration mode

Mode
Configuration

This command takes effect on the entire router.Youcan run this command to define the version of RIP packets sent

Usage

or received on all interfaces.



Enabling Split Horizon

Command

ip rip split-horizon [ poisoned-reverse ]

Syntax
Parameter

poisoned-reverse: Indicates poison reverse.

Description
Command

Interface configuration mode

Mode
Configuration

After poison reverse is enabled, split horizon is automatically disabled.

Usage



Configuring a Passive Interface

Command

passive-interface { default | interface-type interface-num }

Syntax
Parameter

default: Indicates all interfaces.

Description

interface-type interface-num: Specifies an interface.

Command

Routing process configuration mode

Mode
Configuration

First, run the passive-interface default command to configure all interfaces as passive interfaces.

Usage

Then, run the no passive-interface interface-type interface-num command to cancel the interfaces used for
interconnection between routers in the domain.

Configuration Example



Building a RIP Routing Domain

Scenario
Figure 3- 9

Remarks

The interface IP addresses are as follows:
A: GE0/1 110.11.2.1/24 GE0/2 155.10.1.1/24
B: GE0/1 110.11.2.2/24 GE0/2 196.38.165.1/24
C: GE0/1 110.11.2.3/24 GE0/2 117.102.0.1/16

Configuration



Configure the interface IP addresses on all routers.

Steps



Configure the RIP basic functions on all routers.
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A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ipaddress 110.11.2.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet0/2)# ipaddress 155.10.1.1 255.255.255.0
A(config)# router rip
A(config-router)# version 2
A(config-router)# network 0.0.0.0 255.255.255.255
A(config-router)# passive-interface default
A(config-router)# no passive-interface GigabitEthernet 0/1

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)# ipaddress110.11.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)# ip address 196.38.165.1 255.255.255.0
B(config-if-GigabitEthernet 0/2)# exit
B(config)# router rip
B(config-router)# version 2
B(config-router)# network 0.0.0.0 255.255.255.255
B(config-router)# passive-interface default
B(config-router)# no passive-interface GigabitEthernet 0/1

C

C# configure terminal
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 110.11.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/2
C(config-if-GigabitEthernet0/2)# ipaddress117.102.0.1255.255.0.0
C(config-if-GigabitEthernet 0/2)# exit
C(config)# router rip
C(config-router)# version 2
C(config-router)#no auto-summary
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C(config-router)# network 0.0.0.0 255.255.255.255
C(config-router)# passive-interface default
C(config-router)# no passive-interface GigabitEthernet 0/1

Verification

Check the routing tables on Router A, Router B, and Router C. Verifythat RIP learns the routes toremote networks
(contents marked in blue).

A

A# show ip route

Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su- IS-IS summary,L1 -IS-IS level-1,L2-IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set

B

C

110.11.2.0/24 is directly connected, GigabitEthernet 0/1

C

110.11.2.1/32 is local host.

R

117.0.0.0/8 [120/1] via 110.11.2.2, 00:00:47, GigabitEthernet 0/1

C

155.10.1.0/24 is directly connected, GigabitEthernet 0/2

C

155.10.1.1/32 is local host.

C

192.168.217.0/24 is directly connected,VLAN 1

C

192.168.217.233/32 is local host.

R

196.38.165.0/24 [120/1] via 110.11.2.3, 00:19:18, GigabitEthernet 0/1

B# show ip route

Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su- IS-IS summary,L1 -IS-IS level-1,L2-IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
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C

C

110.11.2.0/24 is directly connected, GigabitEthernet 0/1

C

110.11.2.2/32 is local host.

R

155.10.0.0/16 [120/1]via 110.11.2.1,00:15:21, GigabitEthernet 0/1

C

196.38.165.0/24 is directly connected, GigabitEthernet 0/2

C

196.38.165.1/32 is local host.

R

117.0.0.0/8 [120/1] via 110.11.2.2, 00:00:47, GigabitEthernet 0/1

C# show ip route

Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su- IS-IS summary,L1 -IS-IS level-1,L2-IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
C

110.11.2.0/24 is directly connected, GigabitEthernet 0/1

C

110.11.2.3/32 is local host.

C

117.102.0.0/16 is directly connected, GigabitEthernet 0/2

C

117.102.0.1/32 is local host.

R

155.10.0.0/16 [120/1] via 110.11.2.1, 00:20:55, GigabitEthernet 0/1

R

196.38.165.0/24 [120/1] via 110.11.2.3, 00:19:18, GigabitEthernet 0/1

Common Errors



The IPv4 address is not configured on an interface.



The RIP version is not defined on a device, or the RIP version on the device is different from that on other routers.



The address range configured by the network command does not cover a specific interface.



Thewildcardparameterinthenetworkcommandisnot correctlyconfigured. 0indicatesaccuratematching,and 1indicates
that no comparison is performed.



The interface used for interconnection between devices is configured as a passive interface.

3.4.2 Controlling Interaction of RIP Packets

Configuration Effect
Changethedefaultrunning mechanismofRIPthroughconfigurationand manuallycontroltheinteractionmode ofRIPpackets,
including:
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Allowing or prohibiting the sending of unicast RIP packets to a specified neighbor on an interface



Allowingor prohibiting the sending of unicastRIPv2 packetsinsteadof broadcast packetstoaspecified neighbor on an
interface



Allowing or prohibiting the receiving of RIP packets on an interface



Allowing or prohibiting the sending of RIP packets on an interface



Allowing or prohibiting the receiving of RIP packets of a specified version on an interface



Allowing or prohibiting the sending of RIP packets of a specified version on an interface

Notes



The RIP basic functions must be configured.



Onan interfaceconnecting toaneighbor device,the configured versionof sent RIPpacketsmust bethe sameas theversionof
received RIP packets.

Configuration Steps



Sending Unicast RIP Route Update Packets to a Specified Neighbor



Configure this function if you wish that only some of devices connected to an interface can receive the updated routing
information.



By default, RIPv1 uses the IP broadcast address (255.255.255.255) to advertise the routing information, whereas RIPv2 uses the
multicast address (224.0.0.9) to advertise the routing information. If you do not wish all devices on the broadcast network or
NBMAnetworktoreceiveroutinginformation,configuretherelatedinterfaceas thepassiveinterfaceand specifytheneighbors
that can receive the routing information. This command does not affect the receiving of RIP packets. RIPv2 packets are
broadcast on aninterface.



Unless otherwise required, this function must be enabled on a router that sends the unicast Update packets.



Broadcasting RIPv2 Packets on an Interface



This function must be configured if the neighbor router does not support the receiving of multicast RIPv2 packets.



Unless otherwise required, this function must be configured on every router interface that broadcasts RIPv2 packets.



Allowing an Interface to Receive RIP Packets



This function is enabled by default, and must be disabled if an interface is not allowed to receive RIP packets.



Unless otherwise required, this function must be configured on every router interface that is not allowed to receive RIP packets.



Allowing an Interface to Send RIP Packets



This function is enabled by default, and must be disabled if an interface is not allowed to send RIP packets.



Unless otherwise required, this function must be configured on every router interface that is not allowed to send RIP packets.



Allowing an Interface to Send RIP Packets of a Specified Version



This function must be configured if the version of RIP packets that can be sent on an interface is required to be different from
the global configuration.
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Unlessotherwiserequired, thisfunctionmust be configured onevery router interfacethatisallowed to send RIPpacketsof a
specified version.



Allowing an Interface to Receive RIP Packets of a Specified Version



This function mustbe configured if the version of RIP packets that can be received on an interfaceis required tobe different
from the globalconfiguration.



Unlessotherwiserequired, thisfunctionmustbe configuredon every routerinterfacethatisallowed toreceiveRIPpacketsof a
specified version.

Verification
Run the debug ip rip packet command to verify the packet sending result and packet type.
Related Commands



Sending Unicast RIP Route Update Packets to a Specified Neighbor

Command

neighbor ip-address

Syntax
Parameter

ip-address:Indicates the IP address of the neighbor. It should be the address of the network directly connected tothe

Description

local device.

Command

Routing process configuration mode

Mode
Configuration

Generally,you canfirstrunthepassive-interfacecommand inroutingprocessconfiguration modetoconfigurethe

Usage

relatedinterfaceasapassiveinterface,andthen specifytheneighborsthatcanreceivetheroutinginformation.This
command does not affect the receiving of RIPpackets. After an interface is configured as a passive interface, the
interface does not send the request packets even after the device is restarted.



Broadcasting RIPv2 Packets on an Interface

Command

ip rip v2-broadcast

Syntax
Parameter

N/A

Description
Command

Interface configuration mode

Mode
Configuration

The default behavior is determined by the configuration of the version command. The configuration result of this

Usage

command can overwrite the default configuration of the version command. This command affects the behavior of
sending RIP packets on the current interface, and the interface is allowed to send RIPv1 and RIPv2 packets
simultaneously. If this command does not contain any parameter, the behavior of receiving RIP packets is determined
by the configuration of the version command.



Allowing an Interface to Receive RIP Packets

Command

ip rip receive enable

Syntax
Parameter

N/A

Description
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Command

Interface configuration mode

Mode
Configuration

Toprohibitthereceivingof RIPpacketsonaninterface,usetheno formof thiscommand.Thiscommand takeseffect

Usage

only on the current interface. Youcan use the default form of the command to restore the default setting, that is,
allowing the interface to receive RIP packets.



Allowing an Interface to Send RIP Packets

Command

ip rip send enable

Syntax
Parameter

N/A

Description
Command

Interface configuration mode

Mode
Configuration

Toprohibit the sending of RIP packets on an interface, use the no form of this command in interface configuration

Usage

mode.This command takes effect only on the current interface.Youcan use the default formof the command to
restore the default setting, that is, allowing the interface to send RIP packets.



Allowing an Interface to Send RIP Packets of a Specified Version

Command

ip rip send version [ 1 ] [ 2 ]

Syntax
Parameter

1: Indicates that only RIPv1 packets are sent.

Description

2: Indicates that only RIPv2 packets are sent.

Command

Interface configuration mode

Mode
Configuration

The default behavior is determined by the configuration of the version command. The configuration result of this

Usage

command can overwrite the default configuration of the version command. This command affects the behavior of
sending RIP packets on the current interface, and the interface is allowed to send RIPv1 and RIPv2 packets
simultaneously. If this command does not contain any parameter, the behavior of receiving RIP packets is determined
by the configuration of the version command.



Allowing an Interface to Receive RIP Packets of a Specified Version

Command

ip rip receive version [ 1 ] [ 2 ]

Syntax
Parameter

1: Indicates that only RIPv1 packets are received.

Description

2: Indicates that only RIPv2 packets are received.

Command

Interface configuration mode

Mode
Configuration

The default behavior is determined by the configuration of the version command. The configuration result of this

Usage

command can overwrite the default configuration of the version command. This command affects the behavior of
receiving RIP packets on the current interface, and the interface is allowed to receive RIPv1 and RIPv2 packets
simultaneously. If this command does not contain any parameter, the behavior of receiving RIP packets is determined
by the configuration of the version command.

Configuration Example
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Prohibiting an Interface from Sending RIP Packets

Scenario
Figure 3- 10

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Prohibit the sending of RIP packets on an interface of Router A.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# no ip rip send enable

Verification

Run the debug ip rip packet send command on Router A, and verify that packets cannot be sent.

A

A# debug ip rip packet recv
*Nov 4 08:19:31: %RIP-7-DEBUG: [RIP] Prepare to send BROADCAST response...
*Nov 4 08:19:31: %RIP-7-DEBUG: [RIP] Building update entries on GigabitEthernet 0/1
*Nov 4 08:19:31: %RIP-7-DEBUG:

117.0.0.0/8 via 0.0.0.0 metric 1 tag 0

*Nov 4 08:19:31: %RIP-7-DEBUG: [RIP] Interface GigabitEthernet 0/1 is disabled to send RIP packet!
Common Errors
A compatibility error occurs because the RIP version configured on the neighbor is different from that configured on the local device.
3.4.3 Enabling TriggeredUpdates

Configuration Effect



Enable the RIP triggered updates function, after which RIP does not periodically send the route update packets.

Notes



The RIP basic functions must be configured.



It is recommended that split horizon with poisoned reverse be enabled; otherwise, invalid routing information may exist.



This function cannot be enabled together with the function of correlating RIP with BFD.



Ensure that the triggered updates function is enabled on every router on the same link; otherwise, the routing information
cannot be exchangedproperly.

Configuration Steps



Enabling Triggered Updates
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This function must be enabled if demand circuits are configured on the WAN interface.



Thetriggered updatesfunctioncanbeenabled ineither of thefollowingcases:(1)The interfacehasonly one neighbor; (2)The
interface has multiple neighbors but the device interacts with these neighbors in unicast mode.



It is recommended that triggered updates be enabled on a WAN interface (running the PPP, Frame Relay, or X.25 link layer
protocol) to meet the requirements of demand circuits.



If the triggered updates function isenabled on an interface,source addressverification is performed no matter whether the
source address verification function is enabled by the validate-update-source command.



Unless otherwise required, triggered updates must be enabled on demand circuits of every router.

Verification
When the RIP triggered updates function is enabled, RIP cannot periodically send the route update packets. RIP sends the route
update packets to the WAN interface only in one of the following cases:



A route request packet is received.



The RIP routing information changes.



The interface statechanges.



The router isstarted.

Related Commands



Enabling Triggered Updates

Command

ip rip triggered { retransmit-timer timer | retransmit-count count }

Syntax
Parameter

retransmit-timertimer:Configurestheintervalatwhichtheupdaterequestorupdateresponsepacketis

Description

retransmitted. The default value is 5s. The value ranges from 1 to 3,600.
retransmit-countcount: Configures themaximum retransmissiontimes of the update requestor update response
packet. The default value is 36. The value ranges from 1 to 3,600.

Command

Interface configuration mode

Mode
Configuration

You can run the ip rip triggered command to enable the RIP triggering function.

Usage

When this function is enabled, the RIP periodical update function is automatically disabled. Therefore, the
acknowledgment and retransmission mechanisms must be used to ensure that the Update packets are successfully
sentor received on theWAN.Youcanusetheretransmit-timer and retransmit-count parameters tospecifythe
retransmission interval and maximum retransmission times of the request and update packets.

Configuration Example



Enabling Triggered Updates
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Scenario
Figure 3- 11

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



OnRouterA,enabletheRIPtriggeredupdatesfunction,andsettheretransmissionintervalandmaximum
retransmission times of the request and update packets to 10s and 18, respectively.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# encapsulation ppp
A(config-if-GigabitEthernet 0/1)# ip rip triggered
A(config-if-GigabitEthernet0/1)# ipriptriggered retransmit-timer 10
A(config-if-GigabitEthernet0/1)#ipriptriggeredretransmit-count18
A(config-if-GigabitEthernet 0/1)# ip rip split-horizon poisoned-reverse
A(config)# router rip
A(config-router)# network 192.168.1.0
A(config-router)# network 200.1.1.0

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# encapsulation ppp
B(config-if-GigabitEthernet 0/1)# ip rip triggered
B(config-if-GigabitEthernet 0/1)# ip rip split-horizon poisoned-reverse
B(config)# router rip
B(config-router)# network 192.168.1.0
B(config-router)# network 201.1.1.0

Verification

On Router A and Router B, check the RIP database and verify that the corresponding routes are permanent.

A

A# sho ip rip database
201.1.1.0/24

auto-summary

201.1.1.0/24
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[1]via192.168.12.2GigabitEthernet0/1 06:25
B

permanent

B# sho ip rip database
200.1.1.0/24

auto-summary

200.1.1.0/24
[1]via192.168.12.1GigabitEthernet 0/1 06:25

permanent

Common Errors



The triggered updates function is enabled when the RIP configurations at both ends of the link are consistent.



Both the triggered updates and BFD functions are enabled.



The triggered updates function is not enabled on all routers on the same link.

3.4.4 EnablingSource AddressVerification

Configuration Effect



The source address of the received RIP route update packet is verified.

Notes



The RIP basic functions must be configured.

Configuration Steps



Enabling Source Address Verification



This function is enabled by default, and must be disabled when source address verification is not required.



Aftersplithorizon isdisabledonan interface,theRIProutingprocesswillperformsourceaddressverificationontheUpdate
packet no matter whether the validate-update-source command is executed in routing process configuration mode.



ForanIPunnumberedinterface,theRIProutingprocessdoesnotperformsourceaddressverificationontheUpdatepacketno
matter whether the validate-update-source command is executed in routing process configuration mode.



Unless otherwise required, this function must be disabled on every router that does not requires source address verification.

Verification
Only the route update packets coming from the same IP subnet neighbor are received.
Related Commands
Command

validate-update-source

Syntax
Parameter

N/A

Description
Command

Routing process configuration mode

Mode
Configuration

Source address verification of the Update packet is enabled by default. After this function is enabled, the source

Usage

addressof theRIProuteupdate packetisverified.The purposeistoensurethat theRIProutingprocessreceivesonly
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the route update packets coming from the same IP subnet neighbor.
Configuration Example
Scenario
Figure 3- 12

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Disable source address verification of Update packets on all routers.

A

A# configure terminal
A(config)# router rip
A(config-router)# no validate-update-source

B

B# configure terminal
B(config)# router rip
B(config-router)# no validate-update-source

Verification
A



OnRouterA,checktheroutingtableandverifythattheentry201.1.1.0/24 isloaded.



OnRouterB,checktheroutingtableandverifythattheentry200.1.1.0/24isloaded.

A# show ip route rip
R

B

201.1.1.0/24 [120/1] via 192.168.2.2, 00:06:11, GigabitEthernet 0/1

B# show ip route rip
R

200.1.1.0/24 [120/1] via 192.168.1.1, 00:06:11, GigabitEthernet 0/1

3.4.5 Enabling Authentication

Configuration Effect



Preventlearningunauthenticatedand invalidroutesandadvertisingvalidroutestounauthorizeddevices,ensuringstabilityof
the system and protecting the system against intrusions.

Notes



The RIP basic functions must be configured.



Only RIPv2 supports authentication of RIP packets, and RIPv1 does not.

Configuration Steps
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Enabling Authentication and Specifying the Key Chain Used for RIP Authentication



This configuration is mandatory if authentication must be enabled.



If the key chain is already specified in the interface configuration, run the key chain command in global configuration mode to
define the key chain; otherwise, authentication of RIP packets may fail.



Unless otherwise required, this configuration must be performed on every router that requires authentication.



Defining the RIP Authentication Mode



This configuration is mandatory if authentication must be enabled.



TheRIPauthenticationmodesconfigured onalldevicesthat need todirectlyexchange RIProuting informationmust be the
same; otherwise, RIP packets may fail to be exchanged.



If plain text authentication is used, but the key chain for plain text authentication is not configured or associated, authentication
isnot performed. Similarly, ifMD5 authentication isused, but thekey chainis not configured or associated, authenticationis not
performed.



Unless otherwise required, this configuration must be performed on every router that requires authentication.



Enabling RIP Plain Text Authentication and Configuring the Key Chain



This configuration is mandatory if authentication must be enabled.



If RIP plain text authentication should be enabled, use this command to configure the key chain for plain text authentication.
Alternatively, you can obtain the keychain for plain text authentication by associating the key chain. The key chain obtained
using the second method takes precedence over that obtained using the first method.



Unless otherwise required, this configuration must be performed on every router that requires authentication.

Verification



RIP plain text authentication provides only limited security because the password transferred through the packet is visible.



RIP MD5 authentication can provide higher security because the password transferred through the packet is encrypted using
the MD5 algorithm.



Routes can be learned properly if the correct authentication parameters are configured.



Routes cannot be learned if the incorrect authentication parameters are configured.

Related Commands



Enabling Source Address Verification

Command

ip rip authentication key-chain name-of-keychain

Syntax
Parameter

name-of-keychain: Specifies the name of the key chain used for RIP authentication.

Description
Command

Interface configuration mode

Mode
Configuration

The specified key chain must be defined by the key chain command in global configuration mode in advance.

Usage



Defining the RIP Authentication Mode
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Command

ip rip authentication mode { text | md5 }

Syntax
Parameter

text: Indicates that the RIP authentication mode is plain text authentication.

Description

md5: Indicates that the RIP authentication mode is MD5 authentication.

Command

Interface configuration mode

Mode
Configuration

For all devices that need to directly exchange the RIP routing information, the RIP authentication mode of these

Usage

devices must be the same.



Enabling RIP Plain Text Authentication and Configuring the Key Chain

Command

ip rip authentication text-password [ 0 | 7 ] password-string

Syntax
Parameter

0: Indicates that the key is displayed in plain text.

Description

7: Indicates that the key is displayed in cipher text.
password-string: Indicates the key chain used for plain text authentication. The key chain is a string of 1 to 16 bytes.

Command

Interface configuration mode

Mode
Configuration

This commands takes effect only in plain text authentication mode.

Usage
Configuration Example



Configuring RIP Basic Functions and Enabling MD5 Authentication

Scenario
Figure 3- 13

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Configure the authentication type and MD5 authentication key on all routers.
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A

A# configure terminal
A(config)# key chain hello
A(config-keychain)# key 1
A(config-keychain-key)# key-string world
A(config-keychain-key)# exit
A(config-keychain)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip rip authentication mode md5
A(config-if-GigabitEthernet 0/1)# ip rip authentication key-chain hello

B

B# configure terminal
B(config)# key chain hello
B(config-keychain)# key 1
B(config-keychain-key)# key-string world
B(config-keychain-key)# exit
B(config-keychain)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip rip authentication mode md5
B(config-if-GigabitEthernet 0/1)# ip rip authentication key-chain hello

Verification
A



OnRouterA,checktheroutingtableandverifythattheentry201.1.1.0/24 isloaded.



OnRouterB,checktheroutingtableandverifythattheentry200.1.1.0/24isloaded.

A# show ip route rip
R

B

201.1.1.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

A# show ip route rip
R

200.1.1.0/24 [120/1] via 192.168.1.1, 00:06:11, GigabitEthernet 0/1

Common Errors



The keys configured on routers that need to exchange RIP routing information are different.



The authentication modes configured on routers that need to exchange RIP routing information are different.

3.4.6 Enabling Route Summarization

Configuration Effect
Reducethe size of the routing table, improve the routing efficiency, avoid routeflapping tosome extent, and improve scalability and
effectiveness of the network.
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Ifa summarized route exists, subroutes included by thesummarized route cannot be seen inthe routingtable, whichgreatly
reduces the size of the routing table.
Advertising a summarized route is more efficient than advertising individual routes because: (1) A summarized route is
processed first when RIP looks through the database; (2) All subroutes are ignored when RIP looks through the database, which
reduces the processing time required.
Notes



The RIP basic functions must be configured.



Therangeofsupernettingroutesislargerthanthatoftheclassful network.Therefore,theautomaticroutesummarization
function is invalid for supernetting routes.



RIPv1 always performs automatic route summarization. If the detailed routes should be advertised, you must set the RIP version
to RIPv2.

Configuration Steps



Enabling Automatic Route Summarization



This function is enabled by default.



To learn specific subnet routes instead of summarized network routes, you must disable automatic route summarization.



You can disable automatic route summarization only in RIPv2. RIPv1 always performs automatic route summarization.



Configuring RIP Route Summarization on an Interface



This function must be configured if it is required to summarize classful subnets.



The ip rip summary-address command is used to summarize an address or a subnet under a specified interface. RIP
automaticallysummarizestotheclassfulnetworkboundary.Eachclassfulsubnet canbeconfiguredonlyintheiprip
summary-address command.



The summary range configured inthiscommand cannot be supernetting routes, that is, theconfigured subnet mask length
cannot be smaller than the natural mask length of the network.



Unless otherwise required, this configuration should be performed on a router that requires classful subnet summarization.

Verification
Verify that the routes are summarized in the routing table of the peer end.
Related Commands



Enabling Automatic Route Summarization

Command

auto-summary

Syntax
Parameter

N/A

Description
Command

Routing process configuration mode

Mode
Configuration

Route summarization is enabled by default for RIPv1 and RIPv2.

Usage

You can disable automatic route summarization only in RIPv2. RIPv1 always performs automatic route
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summarization.



Configuring RIP Route Summarization on an Interface

Command

ip rip summary-address ip-address ip-network-mask

Syntax
Parameter

ip-address: Indicates the IP address to be summarized.

Description

ip-network-mask: Indicates the subnet mask of the IP address to be summarized.

Command

Interface configuration mode

Mode
Configuration

This command is used to summarize an address or a subnet under a specified interface.

Usage
Configuration Example



Configuring Route Summarization

Scenario
Figure 3- 14

Remarks

The interface IP addresses are as follows:
A: GE0/1 192.168.1.1
B: GE0/1 192.168.1.2 GE0/2 172.16.2.1 GE0/3 172.16.3.1
C: GE0/2 172.16.2.2 GE0/3 172.16.4.2
D: GE0/2 172.16.3.2 GE0/3 172.16.5.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Configure route summarization on Router B.

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip rip summary-address 172.16.0.0 255.255.0.0
B(config)# router rip
B(config-router)# version 2
B(config-router)# no auto-summary
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Verification

Check the routing table on Router A, and verify that the entry 172.16.0.0/16 is generated.
A# show ip route rip
R 172.16.0.0/16 [120/2] via 192.168.1.2, 00:01:04, GigabitEthernet 0/1

Common Errors



RIP basic functions are not configured or fail to be configured.

3.4.7 Enabling Supernetting Routes

Configuration Effect



Allow RIP to send RIP supernetting routes on a specified interface.

Notes



The RIP basic functions must be configured.

Configuration Steps



Enabling SupernettingRoutes



IfasupernettingrouteisdetectedwhenaRIPv1-enabledroutermonitorstheRIPv2routeresponsepackets,therouterwilllearn
an incorrect route because RIPv1 ignores the subnet mask in the routing information of the packet. In this case, the no form of
thecommand must be used on the RIPv2-enabled router to prohibit advertisement of supernetting routes on the related
interface. This command takes effect only on the current interface.



The command iseffectiveonly when RIPv2 packetsaresent ontheinterface,and is usedtocontrol thesending of supernetting
routes.

Verification
Verify that the peer router cannot learn the supernetting route.
Related Commands
Command

ip rip send supernet-routes

Syntax
Parameter

N/A

Description
Command

Interface configuration mode

Mode
Configuration

By default, an interface is allowed to send RIP supernetting routes.

Usage
Configuration Example



Disabling SupernettingRoutes
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Scenario
Figure 3- 15

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Prohibit the sending of RIP supernetting routes on the GigabitEthernet 0/1 interface of Router B.

B# configure terminal
B(config)# ip route 207.0.0.0 255.0.0.0 Null 0
B(config)# ip route 208.1.1.0 255.255.255.0 Null 0
B(config)# router rip
B(config-router)# redistribute static
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# no ip rip send supernet-routes

Verification

Check the routing tableon Router A, and verify that Router A can learn only the non-supernetting route 208.1.1.0/24,
but not the supernetting route 207.0.0.0/8.
A#show ip route rip
R

208.1.1.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

3.4.8 Advertising the Default Route or External Routes

Configuration Effect



In the RIP domain, introduce a unicast route of another AS so that the unicast routing service to this AS can be provided for
users in the RIP domain.



In the RIP domain, inject a default route to another AS so that the unicast routing service to this AS can be provided for users in
the RIP domain.

Notes



The RIP basic functions must be configured.



Route redistribution cannot introduce default routes of other protocols to the RIP routing domain.

Configuration Steps



Advertising the Default Route to Neighbors

This function must be enabled if it is required to advertise the default route to neighbors.
By default, a default route is not generated, and the metric of the default route is 1.
If the RIP process can generate a default route using this command, RIP does not learn the default route advertised by the neighbor.
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Unless otherwise required, this configuration should be performed on a router that needs to advertise the default route.



Advertising the Default Route to Neighbors on an Interface

This function must be enabled if it is required to advertise the default route to neighbors on a specified interface.
By default, a default route is not configured and the metric of the default route is 1.
After this command is configured on an interface, a default route is generated and advertised through this interface.
Unlessotherwise required, this configuration should be performed on arouter that needs toadvertise the default route.



Redistributes Routes and Advertises External Routes to Neighbors

This function must be enabled if routes of other protocols need to be redistributed.
By default,



If OSPF redistribution is configured, redistribute the routes of all sub-types of the OSPF process.



If IS-IS redistribution is configured, redistribute the level-2 routes of the IS-IS process.



In other cases, redistribute all external routes.



The metric of a redistributed route is 1 by default.



The route map is not associated by default.

During route redistribution, it is not necessary to convert the metric of one routing protocol to the metric of another routing protocol
becausedifferent routing protocolsusecompletelydifferent metricmeasurementmethods. RIPmeasures themetricbased on the
hopcount,andOSPFmeasuresthemetricbasedonthebandwidth.Therefore,thecomputedmetricscannotbecomparedwitheach
other. During route redistribution, however, it is necessary to configure a symbolic metric; otherwise, route redistribution fails.
Unless otherwise required, this configuration should be performed on a router that needs to redistribute routes.
Verification



On a neighbor device, verify that a default route exists in the RIP routing table.



On the local and neighbor devices, verify that external routes (routes to other ASs) exist in the RIP routing table.

Related Commands



Advertising the Default Route to Neighbors

Command

default-information originate [ always ] [ metric metric-value ] [ route-map map-name ]

Syntax
Parameter

always: Enables RIP to generate a default route no matter whether the local router has a default route.

Description

metric metric-value: Indicates the initial metric of the default route. The value ranges from 1 to 15.
route-map map-name: Indicates the associated route map name. By default, no route map is associated.

Command

Routing process configuration mode

Mode
Configuration

If a default route exists in the routing table of a router, RIP does not advertise the default route to external entities by

Usage

default.Youneed to run the default-information originate command in routing process configuration mode to
advertise the default route to neighbors.
Ifthealwaysparameterisselected,theRIProutingprocessadvertisesadefaultroutetoneighborsnomatterthe
default route exists, but this default route is not displayed in the local routing table. Tocheck whether the default
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route is generated, run the show ip rip database command to check the RIP routing information database.
Tofurther controlthebehaviorof advertisingtheRIPdefaultroute,usetheroute-mapparameter.Forexample, run
the set metric rule to set the metric of the default route.
You can use the metric parameter to set the metric of the advertised default value, but the priority of this
configuration is lower than that of the set metric rule of the route-map parameter. If the metric parameter is not
configured, the default route uses the default metric configured for RIP.
Youstill need to run the default-information originate command to introduce the default route generated by ip
default-network to RIP.



Advertising the Default Route to Neighbors on an Interface

Command

ip rip default-information { only | originate } [ metric metric-value ]

Syntax
Parameter

only: Indicates that only the default route is advertised.

Description

originate: Indicates that the default route and other routes are advertised.
metric metric-value: Indicates the metric of the default route. The value ranges from 1 to 15.

Command

Interface configuration mode

Mode
Configuration

If you configure the ip rip default-information command for the interface, and the default-information originate

Usage

command for the RIP process, only the default route configured for the interface is advertised.
Sofarasipripdefault-informationisconfiguredforone interface,RIPdoesnot learnthedefaultrouteadvertised
by the neighbor.



Redistributes Routes and Advertises External Routes to Neighbors

Command

redistribute { bgp | connected | isis [ area-tag ] | ospf process-id| static } [ { level-1 | level-1-2 | level-2 } ] [ match

Syntax

{ internal | external [ 1 | 2 ] | nssa-external [ 1 | 2 ] } ] [ metric metric-value ] [ route-map route-map-name ]

Parameter

bgp: Indicates redistribution from BGP.

Description

connected: Indicates redistribution from direct routes.
isis area-tag: Indicates redistribution from IS-IS. area-tag indicates the IS-IS process ID.
ospfprocess-id: Indicates redistribution from OSPF.process-id indicates the OSPF process ID.The value ranges from 1
to 65535.
static: Indicates redistribution from static routes.
level-1|level-1-2|level-2:UsedonlywhenIS-ISroutesareredistributed.Onlytheroutesofthespecifiedlevelare
redistributed.
match:UsedonlywhenOSPFroutesareredistributed.Onlytheroutesthatmatchthefilteringconditionsare
redistributed.
metric metric-value: Sets the metric of the redistributed route. The value ranges from 1 to 16.
route-map route-map-name: Sets the redistribution filtering rules.

Command

Routing process configuration mode

Mode
Configuration

Whenyou configureredistributionof IS-ISroutes without specifyingthe level parameter,only level-2 routes canbe

Usage

redistributed by default. If you specify the level parameter during initial configuration of redistribution, routes of the
specified level can be redistributed. If both level-1 and level-2 are configured, the two levels are combined and
saved as level-1-2 for the convenience sake.
Ifyou configure redistribution of OSPFroutes without specifyingthe matchparameter, OSPFroutes of all sub-types
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can be distributed by default.The latest setting of the match parameter is used as the initial matchparameter. Only
routes that match the sub-types can be redistributed. Youcan use the no form of the command to restore the default
value of match.
The configuration rules for the no form of the redistribute command are as follows:
1. If someparameters arespecified in theno formof the command, default values of theseparameters will be
restored.
2. If no parameter is specified in the no form of the command, the entire command will be deleted.
For example, if redistribute isis 112 level-2 is configured, you can run the no redistribute isis 112 level-2
command to restore the default value of level-2. As level-2 itself is the default value of the parameter, the
configurationsavedis stillredistributeisis112 level-2 after thepreceding noformof thecommand isexecuted.
To delete the entire command, run the no redistribute isis 112 command.
Configuration Example



Redistributing Routes and Advertising External Routes to Neighbors

Scenario
Figure 3- 16

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



On Router B, configure redistribution of static routes.

B

B# configure terminal
B(config)# router rip
B(config-router)# redistribute static

Verification

On Router A, check the routing table and verify that the entry 172.10.10.0/24 is loaded.
A# show ip route rip
R

172.10.10.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

3.4.9 Setting Route Filtering Rules

Configuration Effect



Routes that do not meet filtering criteria cannot be loaded to the routing table, or advertised to neighbors. In this way, users
within the network can be prevented from accessing specified destination networks.

Notes



The RIP basic functions must be configured.



In regard to the filtering rules of sent routes, you must configure route redistribution first, and then filter the redistributed
routes.
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Configuration Steps



Filtering the Received RIP Routing Information



This function must be configured if it is required to filter received routing information.



Torefusereceivingsome specified routes,you canconfiguretheroute distributioncontrollist toprocessall thereceivedroute
update packets. If no interface is specified, route update packets received on all interfaces will be processed.



Unless otherwise required, this configuration should be performed on a router that requires route filtering.



Filtering the Sent RIP Routing Information



This function must be configured if it is required to filter the redistributed routing information that is sent.



If this command does not contain any optional parameter, route update advertisement control takes effect on all interfaces. If
thecommandcontainstheinterfaceparameter,routeupdateadvertisementcontroltakeseffectonlyon thespecifiedinterface.
Ifthecommand containsother routingprocessparameters,route updateadvertisement controltakeseffectonly on the
specified routing process.



Unless otherwise required, this configuration should be performed on a router that requires route filtering.

Verification



Run the show ip route rip command to verify that the routes that have been filtered out are not loaded to the routing table.

Related Commands



Filtering the Received RIP Routing Information

Command

distribute-list{[access-list-number|name]|prefixprefix-list-name[gatewayprefix-list-name]}in[interface-type

Syntax

interface-number ]

Parameter

access-list-number | name: Specifies the access list. Only routes permitted by the access list can be received.

Description

prefix prefix-list-name: Uses the prefix list to filter routes.
gateway prefix-list-name: Uses the prefix list to filter the route sources.
interface-type interface-number: Indicates that the distribution list is applied to the specified interface.

Command

Routing process configuration mode

Mode
Configuration

N/A

Usage



Filtering the Sent RIP Routing Information

Command

distribute-list { [ access-list-number | name ] | prefix prefix-list-name } out [ interface | [ bgp | connected | isis

Syntax

[ area-tag ] | ospf process-id | rip | static ] ]

Parameter

access-list-number | name: Specifies the access list. Only routes permitted by the access list can be sent.

Description

prefix prefix-list-name: Uses the prefix list to filter routes.
Interface: Applies route update advertisement control only on the specified interface.
bgp: Applies route update advertisement control only on the routes introduced from BGP.
connected:Appliesrouteupdate advertisement controlonly ondirectroutes introducedthrough redistribution.
isis[ area-tag]: Applies routeupdate advertisement control only on the routes introduced fromIS-IS. area-tag
specifies an IS-IS process.
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ospf process-id: Applies route update advertisement control only on theroutes introduced fromOSPF.process-id
specifies an OSPF process.
rip: Applies route update advertisement control only on RIP routes.
static: Applies route update advertisement control only on static routes introduced through redistribution.
Command

Routing process configuration mode

Mode
Configuration

N/A

Usage
Configuration Example



Filtering the Received RIP Routing Information

Scenario
Figure 3- 17

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



EnabletheRIProutingprocesstocontrolroutesreceivedovertheGigabitEthernet0/1portandreceiveonly
the route 200.1.1.0.

A

A# configure terminal
A(config)# router rip
A(config-router)# distribute-list 10 in GigabitEthernet 0/1
A(config-router)# no auto-summary
A(config)# access-list 10 permit 200.1.1.0 0.0.0.255

Verification

On Router A, check the routing table and verify that only the entry 200.1.1.0/24 exists.

A

A# show ip route rip
R



200.1.1.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

Filtering the Sent RIP Routing Information
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Scenario
Figure 3- 18

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Enable the RIP routing process to advertise only the route 200.1.1.0/24.

B

B# configure terminal
B(config)# router rip
B(config-router)# redistribute connected
B(config-router)# distribute-list 10 out
B(config-router)# version 2
B(config)# access-list 10 permit 200.1.1.0 0.0.0.255

Verification

Check the routing table on Router A, and verify that route in the 200.1.1.0 network segment exists.

A

A# show ip route rip
R

200.1.1.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

Common Errors



Filtering fails because the filtering rules of the access list are not properly configured.

3.4.10 Modifying Route Selection Parameters

Configuration Effect



Change the RIP routes to enable the traffic pass through specified nodes or avoid passing through specified nodes.



Change the sequence that a router selects various types of routes so as to change the priorities of RIP routes.

Notes



The RIP basic functions must be configured.

Configuration Steps



Modifying the Administrative Distance of a RIP Route



Optional.



This configuration is mandatory if you wish to change the priorities of RIP routes on a router that runs multiple unicast routing
protocols.
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Increasing the Metric of a Received or Sent RIP Route



Optional.



Unless otherwise required, this configuration should be performed on a router where the metrics of routes need to be adjusted.



Configuring the Default Metric of an External Route Redistributed to RIP



Optional.



Unless otherwise required, this configuration must be performed on an ASBR to which external routes are introduced.

Verification
Run the showip ripcommand todisplay the administrative distancecurrently configured. Run the show ipripdatacommand to
display the metrics of redistributed routes to verify that the configuration takes effect.
Related Commands



Modifying the Administrative Distance of a RIP Route

Command

distance distance [ ip-address wildcard ]

Syntax
Parameter

distance: Sets the administrative distance of a RIP route. The value is an integer ranging from 1 to 255.

Description

ip-address: Indicates the prefix of the source IP address of the route.
wildcard: Defines the IP address comparison bit. 0 indicates accurate matching, and 1 indicates that no comparison is
performed.

Command

Routing process configuration mode

Mode
Configuration

Run this command to configure the administrative distance of a RIP route.

Usage



Increasing the Metric of a Received or Sent RIP Route

Command

offset-list { access-list-number | name } { in | out } offset [ interface-type interface-number ]

Syntax
Parameter

access-list-number | name: Specifies the access list.

Description

In: Uses the ACL to modify the metric of a received route.
out: Uses the ACL to modify the metric of a sent route.
offset: Indicates the offset of the modified metric. The value ranges from 0 to 16.
interface-type: Uses the ACL on the specified interface.
interface-number: Specifies the interface number.

Command

Routing process configuration mode

Mode
Configuration

Run thiscommand toincrease the metricof a received or sent RIP route. If the interfaceis specified, the configuration

Usage

takes effect only on the specified interface; otherwise, the configuration takes effect globally.



Configuring the Default Metric of an External Route Redistributed to RIP

Command

default-metric metric-value

Syntax
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Parameter

metric-value: Indicates the default metric.The valid value ranges from 1 to 16. If the value is equal to or greater than

Description

16, the FSOS determines that this route is unreachable.

Command

Routing process configuration mode

Mode
Configuration

This command must be used together with the routing protocol configuration command redistribute.

Usage
Configuration Example



Increasing the Metric of a Received or Sent RIP Route

Scenario
Figure 3- 19

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Increase by 7 the metric of each RIP route in the range specified by ACL 7.



Increase by 7 the metric of each learned RIP route in the range specified by ACL 8.

A

A# configure terminal
A(config)# access-list 7 permit host 200.1.1.0
A(config)# access-list 8 permit host 201.1.1.0
A(config)# router rip
A(config-router)# offset-list 7 out 7
A(config-router)# offset-list 8 in 7

Verification

Check the routing table on Router A and Router B to verify that the metrics of RIP routes are 8.

A

A# show ip route rip
R

B

201.1.1.0/24 [120/8] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

B# show ip route rip
R

200.1.1.0/24 [120/8] via 192.168.1.1, 00:06:11, GigabitEthernet 0/1

3.4.11 Modifying Timers

Configuration Effect



Change the duration of RIP timers to accelerate or slow down the change of the protocol state or occurrence of an event.

Notes
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The RIP basic functions must be configured.



Modifying the protocol control parameters may result in protocol running failures.Therefore, you are advised not tomodify the
timers.

Configuration Steps



Modifying the Update Timer, Invalid Timer, and Flush Timer

This configuration must be performed if you need to adjust the RIP timers.
By adjusting the timers, you can reduce the convergence time and fault rectification time of the routing protocol. For routers
connectedtothesame network,valuesof thethreeRIPtimersmustbe thesame. Generally,youareadvisednot tomodifytheRIP
timers unless otherwiserequired.
Settingtimerstosmall values onalow-speedlinkbringsrisksbecausealotofUpdate packetsconsumethebandwidth.Youcanset
timers to small values generally on the Ethernet or a 2 Mbps (or above) link to reduce the convergence time of network routes.
Unless otherwise required, this configuration should be performed on a router where RIP timers need to be modified.



Setting the Sending Delay Between RIP Route Update Packets

This configuration must be performed if you need to adjust the sending delay between RIP Update packets.
Runtheoutput-delaycommandtoincreasethesendingdelaybetweenpacketsonahigh-speeddevicesothatalow-speeddevice
can receive and process all Update packets.
Unless otherwise required, this configuration should be performed on a router where the sending delay needs to be adjusted.
Verification
Run the show ip rip command to display the current settings of RIP timers.
Related Commands



Modifying the Update Timer, Invalid Timer, and Flush Timer

Command

timers basic update invalid flush

Syntax
Parameter

update: Indicates the route update time in second. It defines the interval at which the device sends the route update

Description

packet. Each time an Update packet is received, the invalid timer and flush timer are reset. By default, a routing
update packet is sent every 30s.
invalid: Indicates the route invalid time in second, counted from the lasttime when a valid update packet is received.
It defines the time after which the route in the routing list becomes invalid because the route is not updated. The
duration of the invalid timer must be at least three times the duration of the update timer. If no Update packet is
received before the invalid timer expires, the corresponding route enters the invalid state. If the Update packet is
received before the invalid timer expires, the timer is reset. The default duration of the invalid timer is 180s.
flush: Indicates the route flushing time in second, counted from the time when the RIP route enters the invalid state.
When the flush timer expires, the route in the invalid state will be deleted from the routing table. The default
duration of the flush timer is 120s.

Command

Routing process configuration mode

Mode
Configuration
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Usage



Setting the Sending Delay Between RIP Route Update Packets

Command

output-delay delay

Syntax
Parameter

delay: Sets the sending delay between packets in ms. The value ranges from 8 to 50.

Description
Command

Interface configuration mode

Mode
Configuration

Normally,a RIP route update packet is 512 bytes long and can contain 25 routes. If thenumber of routes tobe

Usage

updated exceeds 25, more than one update packet will be sent as fast as possible.
When a high-speed device sends a lot of update packets to a low-speed device, the low-speed device may not be
able to process all update packets in time, causing a loss of routing information. In this case, you need to run the
output-delaycommandtoincreasethesendingdelaybetweenpacketsonahigh-speeddevicesothatalow-speed
device can receive and process all update packets.

Configuration Example



Setting the Sending Delay Between RIP Route Update Packets

Scenario
Figure 3- 20

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Configure the sending delay of update packets on Router A.

A

A# configure terminal
A(config)# router rip
A(config-router)# output-delay 30

Verification

Capture packets on Router A and compare the sending time of update packets before and after the configuration,
and verify that a delay of 30 ms is introduced.

Common Errors
For routers connected to the same network, values of the three RIP timers are not the same.
3.4.12 Enabling BFD Correlation

Configuration Effect
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Once a link is faulty, RIP can quickly detect the failure of the route. This configuration helps shorten the traffic interruption time.

Notes



The RIP basic functions must be configured.



The BFD correlation configured in interface configuration mode takes precedence over the global configuration.

Configuration Steps



Correlating RIP with BFD on All Interfaces



This configuration must be performed if you need to enable BFD correlation.



After BFD is enabled on RIP, a BFD session will be set up for the RIP routing information source (that is, the source address of RIP
route update packets). Once the BFD neighbor fails, the corresponding RIP route directly enters the invalid state and is not
forwarded.



Youcan also run the ip ospf bfd [disable] command in interface configuration mode to enable or disable the BFD function on a
specified interface, and this configuration takes precedence over the bfd all-interfaces command used in routing process
configuration mode.



Unless otherwise required, this configuration should be performed on every router.



Correlating RIP with BFD on an Interface



This configuration must be performed if you need to enable or disable BFD correlation on a specified interface.



The interface-based configuration takes precedence over the bfd all-interfaces command used in routing process
configuration mode.



Based on the actual environment, you can run the ip ospf bfd command to enable BFD on a specified interface for link
detection,orrunthebfdall-interfacescommand inRIPprocessconfigurationmodetoenableBFDonallinterfaceoftheOSPF
process, or run the ospf bfd disable command to disable BFD on a specified interface.



Unless otherwise required, configure this function on a router interface where BFD correlation should be configured separately.

Verification



Verify that the BFD session is properly set up with RIP.



After a link fails, the RIP route can quickly converges.

Related Commands



Correlating RIP with BFD on All Interfaces

Command

bfd all-interfaces

Syntax
Parameter

N/A

Description
Command

Routing process configuration mode

Mode
Configuration

N/A

Usage
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Correlating RIP with BFD on an Interface

Command

ip rip bfd [ disable ]

Syntax
Parameter

disable: Disables BFD for link detection on a specified RIP-enabled interface.

Description
Command

Interface configuration mode

Mode
Configuration

By default, BFD correlation is not configured for a specified interface, and the configuration is subject to that

Usage

configured in routing process configuration mode.

Configuration Example



Enabling BFD Correlation with RIP

Scenario
Figure 3- 21

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Configure the BFD parameters for interfaces of all routers.



Correlate RIP with BFD on all routers.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)#bfdinterval200 min_rx200multiplier5
A(config)# router rip
A(config-router)# bfd all-interfaces

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)#bfdinterval200min_rx200multiplier5
B(config)# router rip
B(config-router)# bfd all-interfaces

Verification
A



On routers A and B, verify that the BFD session is in Up state.



Disconnect Router B from the switch, and verify that the RIP route is deleted on Router A.

A# show ip rip peer
Peer 192.168.1.2:
Local address: 192.168.1.1
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Input interface: GigabitEthernet 0/1
Peer version: RIPv2
Received bad packets: 0
Received bad routes: 0
BFD session state up
B

A# show ip rip peer
Peer 192.168.1.1:
Local address: 192.168.1.2
Input interface: GigabitEthernet 0/1
Peer version: RIPv2
Received bad packets: 0
Received bad routes: 0
BFD session state up

Common Errors



The preceding two commands are executed in RIP before the BFD function is enabled.

3.4.13 Enabling Fast Reroute

Configuration Effect



OnceRIPdetectsaroutefailure,theroutercanimmediatelyswitchtothesecond-bestroute.Thisconfigurationhelpsshorten
the traffic interruptiontime.

Notes



The RIP basic functions must be configured.



The route map and the standby next hop must be configured.



To accelerate the convergence, set carrier-delay of the interface to 0 and enable BFD correlation with RIP.

Configuration Steps



Enabling Fast Reroute and Referencing the Route Map

This configuration must be performed if you need to enable fast reroute.
If route-map is configured, a standby path can be specified for a successfully matched route through the route map.
When the RIP fast reroute function is used, it is recommended that BFD be enabled at the same time so that the device can quickly
detect any link failure and therefore shorten the forwarding interruption time. If the interface is up or down, to shorten the forwarding
interruption time during RIP fast reroute, you can configure carrier-delay 0 in interface configuration mode to achieve the fastest
switchover speed.
Unless otherwise required, this configuration should be performed on every router.
Verification
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The standby route can be correctly computed and generated.



When the active link fails, the data can be quickly switch over to the standby link for forwarding.

Related Commands



Enabling Fast Reroute and Referencing the Route Map

Command

fast-reroute route-map route-map-name

Syntax
Parameter

route-map-name: Specifies a standby path through the route map.

Description
Command

Routing process configuration mode

Mode
Configuration

Currently, the RIP fast reroute function is subject to the following constraints: (1) Only one standby next hop can be

Usage

generated for one route; (2) No standby next hop can be generated for equal and equal-costmulti-path routing
(ECMP).

Configuration Example



Enabling Fast Reroute and Referencing the Route Map

Scenario
Figure 3- 22

Remarks

The interface IP addresses are as follows:
A:GE0/1192.168.1.1

GE0/2 192.168.2.1]

B: GE0/1 192.168.1.2

GE0/2192.168.3.1

C: GE0/1 192.168.3.2

GE 0/2 192.168.2.2

GE0/3 192.168.4.1

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Configure fast re-route on Router A.



Configure carrier-delay 0 for the interface on Router A.

www.fs.com

821

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

A

A# configure terminal
A(config)# route-map fast-reroute
A(config-route-map)# match interface GigabitEthernet 0/2
A(config-route-map)# set fast-reroute backup-interface GigabitEthernet 0/1 backup-nexthop 192.168.1.1
A(config)# router rip
A(config-router)# fast-reroute route-map fast-reroute
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# carrier-delay 0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)# carrier-delay 0

Verification

On Router A, check the routing table and verify that a standby route exists for the entry 192.168.4.0/24.

A

A# show ip route fast-reroute | begin 192.168.4.0
R 192.168.4.0/24 [ma] via 192.168.1.2, 00:39:28, GigabitEthernet 0/1
[b] via 192.168.2.2, 00:39:28, GigabitEthernet 0/2

Common Errors



The standby next hop is not properly configured for the route map.



Thecarrier-delayisnotconfiguredfortheinterfaceorBFDcorrelationisnot configured.Consequently,theswitchoverspeedof
the forwarding line is slow.

3.4.14 Enabling GR

Configuration Effect



When a distributed route switches services fromthe active board tothe standby board, trafficforwarding continues and is not
interrupted.



When the RIP process is being restarted, traffic forwarding continues and is not interrupted.

Notes



The RIP basic functions must be configured.



The GR period is at least twice the RIP route update period.



During the RIP GR process, ensure that the network environment is stable.

Configuration Steps



Configuring the GR Restarter Capability

Thisconfiguration must be performed ifRIPneeds to be gracefullyrestarted to ensure data forwarding during hot standby
switchover.
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The GR function is configured based on the RIP process. You can configure different parameters for different RIP processes based on
the actual conditions.
The GR period is the maximum timefrom restart of the RIP process to completion of GR. During this period, the forwarding table
before therestart isretained, and theRIProute isrestoredsoas torestoretheRIPstatebeforethe restart.After therestart period
expires, RIP exits from the GR state and performs common RIP operations.
Unless otherwise required, this configuration should be performed on every router that needs to be gracefully restarted.
Verification



Run the show ip rip command to display the GR state and configured time.



Trigger a hot standby switchover, and verify that data forwarding is not interrupted.

Related Commands



Configuring the GR Restarter Capability

Command

graceful-restart [ grace-period grace-period ]

Syntax
Parameter

graceful-restart: Enables the GR function.

Description

grace-period: Explicitly configures the grace period.
grace-period: Indicates the GR period. The value ranges from 1s to 1800s.
The default value is twice the update time or 60s, whichever is the smaller.

Command

Routing process configuration mode

Mode
Configuration

This command allows you to explicitly modify the GR period. Note that GR must be completed after the update timer

Usage

of the RIP route expires and before the invalid timer of the RIP route expires. An inappropriate GR period cannot
ensure uninterrupted data forwarding during the GRprocess. A typical caseis as follows:If the GR period is longer
than the duration of the invalid timer, GR is not completed when the invalid timer expires. The route is not
re-advertised to the neighbor, and forwarding of the route of the neighbor stops after the invalid timer expires,
causing interruption of data forwarding on the network. Unless otherwise required, you are advised not to adjust the
GR period. If it is necessary to adjust the GR period, ensure that the GR period is longer than the duration of the
update timer but shorter than the duration of the invalid timer based on the configuration of the timers basic
command.

Configuration Example



Configuring the GR Restarter Capability

www.fs.com

823

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 3- 23

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1
B: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1

GE 0/3 192.168.3.1

C: GE 0/1 192.168.4.2 GE 0/3 192.168.3.2
D: GE 0/1 192.168.5.2 GE 0/2 192.168.2.2
Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



On Router B, enable the GR function.

B# configure terminal
B(config)# router rip
B(config-router)# graceful-restart grace-period 90

Verification



Trigger a hot standby switchover on Router B, and verify that the routing tables of destination Network 1 and
Network 2 remain unchanged on Router A during the switchover.



Trigger a hot standby switchover on Router B, ping destination Network 1 from Router A, and verify that traffic
forwarding is not interrupted during the switchover.

3.4.15 Enabling MultipleInstances

Configuration Effect



Run RIP on VPN instances.

Notes



The RIP basic functions (with the VRF parameter) must be configured.

Configuration Steps



Creating a VRF Instance and Entering the IPv4 VRF Address Family



This configuration must be performed if you need to configure RIP multiple instances and associate these RIP instances with
VRF.



Unless otherwise required, this configuration should be performed on every router that requires the RIP multiple instances.
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Binding the RIP MIB with a VPN Instance



ThisconfigurationmustbeperformedifyouconfigureRIPmultipleinstancesandwishtomanagenon-defaultRIPinstances
using the MIB.



The RIP MIB does not have the RIP instance information. Therefore, you must perform operations only on one instance through
SNMP.By default, the RIP MIB is bound with the RIP instanceof the default VRF,and all user operations take effect on this
instance.



If you wish to perform operations on a specified RIP instance through SNMP,run this command to bind the MIB with the
instance.



Unless otherwise required, this configuration should be performed on a router where the instance is managed using the MIB.

Verification



Check the VRF routing table on a router to verify that the route to a remote network can be obtained through RIP.



Use the MIB management software to manage the bound instance.

Related Commands



Creating a VRF Instance and Entering the IPv4 VRF Address Family

Command

address-family ipv4 vrf vrf-name

Syntax
Parameter

vrf vrf-name: Specifies the name of the VRF associated with the address family configuration sub-mode.

Description
Command

Routing process configuration mode

Mode
Configuration

Run the address-family command to enter address family configuration sub-mode, the prompt of which is

Usage

(config-router-af)#. When the VRF associated with the address family configuration sub-mode is specified for the first
time,theRIP instance corresponding totheVRF willbe created. In thissubmode, you canconfigure the RIProuting
information for the related VRF.
To exit from address family configuration sub-mode and return routing process configuration mode, run the
exit-address-family or exit command.



Exiting From an IPv4 VRF Address Family

Command

exit-address-family

Syntax
Parameter

N/A

Description
Command

Address family configuration mode

Mode
Configuration

Run this command in address family configuration mode to exit from this configuration mode.

Usage

This command can be abbreviated as exit.



Binding the RIP MIB with a VPN Instance

Command
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Syntax
Parameter

N/A

Description
Command

Routing process configuration mode

Mode
Configuration

N/A

Usage
Configuration Example



Creating a VRF Instance and Enabling Network Management of This Instance

Scenario
Figure 3- 24

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the RIP basic functions on all routers. (Omitted)



Create a VRF named "vpn1" and create a RIP instance for this VRF.



On Router A, bind the MIB with the RIP vpn1 instance.

A# configure terminal
A(config)# snmp-server community public rw
A(config)# ipvrf vpn1
A(config-vrf)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip vrf forwarding vpn1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config)# router rip
A(config-router)# address-family ipv4 vrf vpn1
A(config-router)# enable mib-binding
A(config-router-af)# network 192.168.1.0
A(config-router-af)# exit-address-family

Verification



Check the routing table on Router A, and verify that the VRF route 201.1.1.0/24 can be learned.



Read and configure parameters of the RIP vpn1 instance using the MIB tool.

A# show ip route vrf vpn1 rip
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R

201.1.1.0/24 [120/1] via 192.168.1.2, 00:06:11, GigabitEthernet 0/1

3.5 Monitoring
Displaying
Description

Command

Displays the basic information about a

show ip rip

RIP process.
Displays the RIP routing table.

show ip rip database [ vrf vrf-name ] [ network-number network-mask ] [ count ]

Displays information about external

show ip rip external [ bgp | connected | isis [ process-id] | ospf process-id | static] [vrf

routes redistributed by RIP.

vrf-name]

Displays the RIP interface information.

show ip rip interface [ vrf vrf-name ] [ interface-type interface-number ]

Displays the RIP neighbor information.

show ip rip peer [ ip-address ] [ vrf vrf-name ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs events that occur when the RIP

debug ip rip event

process is running.
Debugs interaction with the NSM

debug ip rip nsm

process.
Debugs the sent and received packets. debug ip rip packet [ interface interface-type interface-number | recv | send ]
Debugs the RIP GR process.

debug ip rip restart

Debugs the route changes of the RIP

debug ip rip route

process.

4 Configuring OSPFv2
4.1 Overview
Open Shortest Path First (OSPF) is an Interior Gateway Protocol (IGP) that is used within the Autonomous System (AS) to allow routers
to obtain a route to a remote network.
OSPF Version 2 (OSPFv2) is applicable to IPv4, and OSPF Version 3 (OSPFv3) is applicable to IPv6.The protocol running
mechanism and most configurations are the same.
OSPF has the following characteristics:



Wide scope of application: OSPF is applicable to a larger-scale network that supports hundreds of routers.



Fast convergence: Once the network topology changes, notifications can be quickly sent between routers to update routes.



No self-loop: Only the link status information is synchronized between routers. Each router computes routes independently, and
a self-loop will not occur.
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Areadivision:Alargeroutingdomainisdividedintomultiplesmallareastosavesystemresourcesandnetworkbandwidthand
ensure stability and reliability of routes.



Route classification: Routes are classified into several types to support flexible control.



Equivalent routes: OSPF supports equivalent routes.



Authentication: OSPF supports packet authentication to ensure security of protocol interaction.



Multicasttransmission:Protocolpacketsaresentusingthemulticastaddresstoavoidinterferingwithirrelevant entitiesand
save system resources.
In this chapter, theterm "router" refers to any network device that supports therouting function. These network devices can be
L3 switches, routers, or firewall.
Unless otherwise specified, "OSPF" in the following descriptions refers to OSPFv2.

Protocols and Standards
RFC2328

This memo documents version 2 of the OSPFprotocol. OSPF is a link-state routing protocol.

RFC 2370

This memo defines enhancements to the OSPFprotocol to support a new class of link-stateadvertisements (LSA) called
Opaque LSAs.Opaque LSAs provide a generalized mechanismto allow for the future extensibility of OSPF.

RFC3137

Thismemodescribesabackward-compatibletechniquethatmaybeusedbyOSPF(OpenShortestPathFirst)
implementations to advertiseunavailability to forward transit traffic or to lowerthe preference level for the paths
through such arouter.

RFC3623

This memo documents an enhancement to theOSPF routing protocol, whereby an OSPF routercan stay on the
forwarding path even as its OSPFsoftware is restarted.

RFC3630

This document describes extensions to the OSPFprotocol version 2 to support intra-area TrafficEngineering (TE), using
Opaque Link StateAdvertisements.

RFC3682

The use of a packet's Time to Live (TTL) (IPv4)or Hop Limit (IPv6) to protect a protocol stackfrom CPU-utilization based
attacks has beenproposed in many settings.

RFC3906

Thisdocumentdescribeshowconventionalhop-by-hoplink-stateroutingprotocolsinteractwithnewTraffic
Engineering capabilities to createInterior Gateway Protocol (IGP) shortcuts.

RFC4576

This document specifies the necessary procedure,using one of the options bits in the LSA (Link StateAdvertisements) to
indicate that an LSA hasalready been forwarded by a PE and should beignored by any other PEs that see it.

RFC4577

ThisdocumentextendsthatspecificationbyallowingtheroutingprotocolonthePE/CEinterfacetobetheOSPF
protocol.

RFC4750

ThismemodefinesaportionoftheManagementInformationBase(MIB)forusewithnetworkmanagement protocolsin
TCP/IP-based Internets.In particular, it defines objects for managingversion 2 of the Open Shortest Path First
RoutingProtocol. Version 2 of the OSPF protocol isspecific to the IPv4 address family.

4.2 Applications
Application

Description

Intra-Domain Interworking

OSPF runs within the AS, which is divided into several areas.

Inter-Domain Interworking

SeveralASsareinterconnected. OSPFruns withineachAS, and BorderGatewayProtocol
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(BGP) runs between ASs.
4.2.1 Intra-Domain Interworking

Scenario
OSPFrunswithintheAS.Ifthenumberofroutersexceeds40,itisrecommendedthattheASbedividedintoseveralareas.Generally,
high-end devices featuring reliable performance and fast processing speed are deployed in a backbone area, and low-end or
medium-range deviceswith relativelylower performance canbe deployed in anormal area. All normal areas must beconnected to
thebackbone area. Itisrecommended that anormal arealocated on thestubbe configuredas astubarea. Asshown in Figure4-1, the
network is divided into four areas. Communication between these areas must go through the backbone area, that is area 0.
Figure 4- 1 Division of the OSPF Areas

Remarks

A, B, C, D, E, and H are located in the backbone area, and are backbone routers.
Area 3 is configured as a stub area.

Deployment



OSPF runs on all routers within the AS to implement unicast routing.

4.2.2 Inter-Domain Interworking

Scenario
Several ASs are interconnected. OSPF runs within each AS, and BGP runs between ASs.Generally,OSPF and BGP learn the routing
information from each other.
As shown in Figure 4- 2, unicast routing is implemented within AS 100 and AS 200 using OSPF, and between the two ASs using BGP.
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Figure 4- 2Interworking Between OSPF and BGP

Remarks

OSPF and BGP run concurrently on Router A and Router D.

Deployment



OSPF runs within AS 100 and AS 200 to implement unicast routing.



BGP runs between the two ASs to implement unicast routing.

4.3 Features
Basic Concepts



Routing Domain

Allroutersinan ASmustbeinterconnectedand usethesameroutingprotocol.Therefore,theASisalsocalledroutingdomain.
An AS on which OSPF runs is also called OSPF routing domain, or OSPF domain for short.



OSPF Process

OSPF supports multiple instances, and each instance corresponds to an OSPF process.
One or more OSPF processes can be started on a router. Each OSPF process runs OSPF independently, and the processes are mutually
isolated.
The process ID takes effect only on the local router, and does not affect exchange of OSPF packets on adjacent interfaces.



RouterID

The router ID uniquely identifies a router in an OSPF domain. Router IDs of any two routers cannot be the same.
If multiple OSPF processes exist on a router, each OSPF process uses one router ID. Router IDs of any two OSPF processes cannot be
the same.



Area

OSPF supports multiple areas. An OSPF domain is divided into multiple areas to ease the computing pressure of a large-scale
network.
An area is a logical group of routers, and each group is identified by an area ID.The border between areas is a router. A router may
belongtooneareaormultipleareas.Onenetworksegment(link)canbelongtoonlyonearea,oreachOSPF-enabledinterfacemust
belong to a specified area.
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Area 0 is the backbone area, and other areas are normal areas. Normal areas must be directly connected to the backbone area.
Figure 4- 3Division of the OSPF Areas

 OSPF Router
The following types of routers are defined in OSPF, and assigned with different responsibilities:



Internal router
AllinterfaceofanintervalrouterbelongtothesameOSPFarea.AsshowninFigure1-3,A,C,F,G,I,M,J,K,andLareinternal
routers.



Area border router (ABR)
AnABRisusedtoconnect thebackbone areawithanormal area.An ABRbelongstotwoor moreareas, andone of theareas
must be the backbone area. As shown in Figure 1-3, B, D, E, and H are ABRs.



Backbone router
Abackbone routerhas atleastone interfacethatbelongstothebackbone area. AllABRsand allroutersinarea0arebackbone
routers. As shown in Figure 4- 3, A, B, C, D, E, and H are backbone routers.



AS boundary router(ASBR)
AnASBRisusedtoexchangeroutinginformationwithotherASs.AnASBRisnot necessarilylocatedontheborderofanAS.It
may be a router inside an area, or an ABR. As shown in Figure 1-3, A is an ASBR.

 Virtual Link
OSPF supports virtual links. Avirtual link isa logical linkthat belongs to the backbone area. It is used toresolve the problems such as a
discontinuous backbone areaor a failure to directly connect a normal area to the backbone area on the physical network. A virtual link
supports traversal of only one normal area, and this area is called transit area. Routers on both ends of a virtual link are ABRs.
Figure 4- 4Discontinuous Backbone Area on the Physical Network
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Asshown inFigure 4-4, a virtual linkis set up between A and B to connect twoseparated area 0s. Area 1isa transit area, and A and B
are ABRs of area 1.
Figure 4- 5Failure to Directly Connect a Normal Area to the Backbone Areaon the Physical Network

As shown in Figure 4- 4, a virtual link is set up between A and B to extend area 0 to B so that area 0 can be directly connected to area 2
on B. Area 1 is a transit area, A is an ABR of area 1, and B is an ABR of area 0 and area 2.



LSA

OSPF describes the routing information by means of Link State Advertisement (LSA).
LSA Type

Description

Router-LSA(Type 1)

This LSA is originated by every router. It describes the link state and cost of the router, and is
advertised only within the area where the originating router is located.

Network-LSA(Type 2)

This LSA is originated by a designated routers (DR) on the NBMA network. It describes the link
statein the current network segment, and is advertised only within the area where the DR is
located.

Network-summary-LSA(Type 3)

This LSAis originatedby an ABR. It describes aroutetoanother area, and isadvertisedtoareas
except totally stub areas or Not-So-Stubby Area (NSSA) areas.

ASBR-summary-LSA(Type 4)

This LSA is originated by an ABR. It describes a route to an ASBR, and is advertised to areas
except areas where the ASBR is located.

AS-external-LSA(Type 5)

This LSA is originated by an ABR. It describes a route to a destination outside the AS, and is
advertised to all areas except the stub and NSSA areas.

NSSA LSA(Type 7)

This LSA is originated by an ABR. It describes a route to a destination outside the AS, and is
advertised only within the NASSA areas.

Opaque LSA(Type 9/Type 10/Type

Opaque LSAs provide a generalized mechanism to allow for the future extensibility of OSPF,

11)

wherein,
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LSA Type

Description
Grace LSA used to support graceful restart (GR) is one of Type 9 LSAs.



Type 10 LSAs are advertised within an area. The LSA used to support Traffic Engineering
(TE) is one of Type 10 LSAs.



Type11LSAsareadvertisedwithinanAS. Atpresent,therearenoapplicationexamplesof
Type 11 LSAs.

Stub areas, NSSA areas, totally stub areas, and totally NSSA areas are special forms of normal areas and help reduce the load of
routers and enhance reliability of OSPF routes.



OSPF Packet

The following table lists the protocol packets used by OSPF.These OSPF packets are encapsulated in IP packets and transmitted in
multicast or unicastmode.
Packet Type

Description

Hello

Hello packets are sent periodically to discover and maintain OSPF neighbor
relationships.

Database Description (DD)

DDpackets carry brief informationabout the local Link-StateDatabase (LSDB) and are
used to synchronize the LSDBs between OSPF neighbors.

Link State Request (LSR)

LSR packets are used to request the required LSAs from neighbors. LSR packets are sent
only after DD packets are exchanged successfully between OSPF neighbors.

Link State Update (LSU)

LSU packets are used to send the required LSAs to peers.

Link State Acknowledgment (LSAck)

LSAck packets are used to acknowledge the received LSAs.

Overview
Feature

Description

Link-State Routing Protocols

Run OSPF on the router to obtain routes to different destinations on the network.

OSPF Route Management

Plan or optimize OSPF routes through manual configuration to implement management of OSPF
routes.

Enhanced Security and

Use functions such as authentication and bidirectional forwarding detection (BFD) correlation to

Reliability

enhance security, stability, and reliability of OSPF.

Network Management

Use functions such as the management information base (MIB) and Syslog to facilitate OSPF
management.

4.3.1 Link-State Routing Protocols

OSPF is a type of link-state routing protocols. Its working process is as follows:



Neighbor discovery  Bidirectional communication
An OSPF neighbor relationship is set up between adjacent routers, and bidirectional communication is maintained.



Database synchronization  Full adjacency
A router uses LSAs to advertise all its link states. LSAs are exchanged between neighbors and the link state database (LSDB) is
synchronized to achieve full adjacency.



Shortest Path Tree (SPT) computation  Formation of a routing table
The router computes the shortest path to each destination network based on the LSDB and forms an OSPF routing table.

Working Principle
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Neighbor Discovery  Bidirectional Communication

RouterssendHellopacketsthrough allOSPF-enabledinterfaces(orvirtuallinks).IfHellopacketscanbe exchangedbetweentwo
routers, and parameters carried in the Hello packets can be successfully negotiated, the two routers become neighbors. Routers that
are mutually neighbors find their own router IDs from Hellopackets sent from neighbors, and bidirectional communication is set up.
A Hello packet includes, but is not limited to, the following information:



Router ID of the originating router



Area ID of the originating router interface (or virtual link)



Subnet mask of the originating router interface (or virtual link)



Authentication information of the originating router interface (or virtual link)



Hello interval of the originating router interface (or virtual link)



Neighbor dead interval of the originating router interface (or virtual link)



Priority of the originating router interface (used for DR/BDR election)



IP addresses of the DR and Backup Designated Router (BDR)



Router ID of the neighbor of the originating router



Database Synchronization  Full Adjacency

After bidirectional communication is set up between neighbor routers, the DD, LSR, LSU, and LSAck packets are used to exchange
LSAs and set up the adjacency. The brief process is as follows:



A router generates an LSA to describe all link states on the router.



The LSA is exchanged between neighbors. When a router receives the LSA from its neighbor, it copies the LSA and saves the
copy in the local LSDB, and then advertises the LSA to other neighbors.



When the router and its neighbors obtain the same LSDB, full adjacency is achieved.
OSPF will be very quiet without changes in link costs or network addition or deletion. If any change takes place, the changed
link states are advertised to quickly synchronize the LSDB.



SPT Computation  Formation of a Routing Table

After the complete LSDB is obtained from the router, the Dijkstra algorithm is run to generate an SPT from the local router to each
destination network. The SPT records the destination networks, next-hop addresses, and costs. OSPF generates a routing table based
on the SPT.
If changes in linkcosts or network addition or deletion takeplace, the LSDB willbe updated.The router again runs the Dijkstra
algorithm, generates a new SPT, and updates the routing table.
The Dijkstra algorithm is used to find a shortest path from a vertex to other vertices in a weighted directed graph.



OSPF Network Types

Arouter does not necessarilyneed toexchange LSAs witheveryneighbor and set upan adjacency withevery neighbor.Toimprove
efficiency, OSPF classifies networks that use various link layer protocols into five types so that LSAs are exchanged in different ways to
set upan adjacency:



Broadcast
Neighbors are discovered, and the DR and BDR are elected.
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The DR (or BDR) exchanges LSAs with all other routers to set up an adjacency. Except the DR and BDR, all other routers do not
exchange LSAs with each other, and the adjacency is not set up.
Ethernet and fiber distributed data interface (FDDI) belong to the broadcast network type by default.



Non-broadcast multiple access (NBMA)
Neighbors are manually configured, and the DR and BDR are elected.
The DR (or BDR) exchanges LSAs with all other routers to set up an adjacency. Except the DR and BDR, all other routers do not
exchange LSAs with each other, and the adjacency is not set up.
X.25, frame relay, and ATM belong to NBMA networks by default.



Point-to-point (P2P)
Neighbors are automatically discovered, and the DR or BDR is not elected.
LSAsareexchangedbetweenroutersat bothendsof thelink,andtheadjacencyissetup.
PPP,HDLC, and LAPB belongs to the P2P network type by default.



Point-to-multipoint(P2MP)
Neighbors are automatically discovered, and the DR or BDR is not elected.
LSAs are exchanged between any two routers, and the adjacency is set up.
Networkswithout any link layer protocol belong tothe P2MP networktype by default. P2MP broadcast
Neighbors are manually configured, and the DR or BDR is not elected.
LSAs are exchanged between any two routers, and the adjacency is set up.
Networks without any link layer protocol belong to the P2MP network type by default.



OSPF Route Types

Figure 4- 6

Display the OSPF routes (marked in red) in the routing table of Router A.
A#show ip route

Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
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E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su -IS-IS summary,L1-IS-IS level-1,L2- IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
O N2172.10.10.0/24 [110/20]via 192.168.3.2,00:01:00,GigabitEthernet0/3
O E2191.10.10.0/24 [110/20]via 192.168.1.2,01:11:26,GigabitEthernet0/1
C

192.168.1.0/24 is directly connected,GigabitEthernet 0/1

C

192.168.1.1/32 is local host.

C

192.168.2.0/24 is directly connected,GigabitEthernet 0/2

C

192.168.2.1/32 is local host.

C

192.168.3.0/24 is directly connected,GigabitEthernet 0/3

C

192.168.3.1/32 is local host.

O

192.168.4.0/24 [110/2] via 192.168.2.2, 00:00:02,GigabitEthernet 0/2

O IA 192.168.5.0/24 [110/3] via 192.168.1.2, 00:01:02,GigabitEthernet 0/1
A mark is displayed in front of each OSPF route to indicate the type of the route. There are six types of OSPF routes:



O: Intra-area route
This type of route describes how to arrive ata destination network in the local area. The cost of this type of route is equal to the
cost of the route from the local router to the destination network.



IA: Inter-area route
This type of route describes how to arrive at a destination network in another area. The cost of this type of route is equal to the
cost of the route from the local router to the destination network.



E1: Type 1 external route
This type of route describes how to arrive at a destination network outside the AS. The cost of this type of route is equal to the
cost of the route from the local router to the ASBR plus the cost of the route from the ASBR to the destination network. This type
of route does not exist on routers in the stub or NSSA area.



E2: Type 2 external route
This type of route describes how to arrive at a destination network outside the AS. The cost of this type of route is equal to the
cost of theroute from the ASBR tothe destination network.This type of route does not exist on routers in the stub or NSSA area.



N1: Type 1 external route of the NSSA area
Thistype of routedescribes how to arriveat a destinationnetwork outside theAS through the ASBR intheNSSA area. The cost
of this type of route is equal to the cost of the route from the local router to the ASBR plus the cost of the route from the ASBR to
the destination network. This type of route exists only on routers in the NSSA area.



N2: Type 2 external route of the NSSA area
Thistypeof routedescribeshow toarriveat adestinationnetworkoutside theASthrough the ASBRintheNSSAarea.The cost
of this type of route is equal to the cost of the route from the ASBR to the destination network. This type of route exists only on
routers in the NSSA area.
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Reliabilityof E2 and N2 routes is poor. OSPF believes that the costof theroute fromthe ASBR toa destination outside an AS is
far greater than the cost of the route to the ASBR within the AS. Therefore, when the route cost is computed, only the cost of the
route from the ASBR to a destination outside an AS is considered.
Related Configuration



Enabling OSPF

OSPF is disabled by default.
Run the router ospf 1 command to create an OSPF process on the router.
Run the network area command to enable OSPF on the interface and specify the area ID.
Run the area virtual-link command to create a virtual link on the router. The virtual link can be treated as a logical interface.



Router ID

By default, the OSPF process elects the largest IP address among the IP addresses of all the loopback interfaces as the router ID. If the
loopbackinterfacesconfiguredwithIPaddressesarenotavailable,theOSPFprocesselectsthelargestIPaddressamongtheIP
addresses of all the loopback interfaces as the router ID.
Alternatively, you can run the router-id command to manually specify the router ID.



Protocol Control Parameters

Run the ipospf hello-interval command tomodify the Hello interval on the interface.The default value is10s (or 30s for NBMA
networks).
Run the ip ospf dead-interval command to modify the neighbor dead interval on the interface.The default value is four times the
Hello interval.
Usethe poll-interval parameter in the neighbor command to modify the neighbor polling interval on the NBMA interface.The
default value is 120s.
Run the ip ospf transmit-delay command to modify the LSU packet transmission delay on the interface. The default value is 1s.
Runtheipospf retransmit-intervalcommandtomodifytheLSUpacketretransmissionintervalontheinterface.Thedefaultvalueis
5s.
Usethe hello-interval parameter in the area virtual-linkcommand to modify the Hello interval on the virtual link.The default value
is 10s.
Use the dead-interval parameter in the area virtual-linkcommand to modify the neighbor dead interval on the virtual link. The
default value is four times the Hello interval.
Usethetransmit-delayparameterintheareavirtual-linkcommand tomodifytheLSUpackettransmission delayon thevirtuallink.
The default value is 1s.
Usetheretransmit-intervalparameterintheareavirtual-linkcommandtomodifytheLSUpacketretransmissionintervalonthe
virtual link. The default value is 5s.
Runthetimersthrottlelsaallcommandtomodifyparametersoftheexponentialbackoffalgorithmthat generatesLSAs.Thedefault
values of these parameters are 0 ms, 5000 ms, and 5000 ms.
Run the timerspacinglsa-group command to modify the LSA group update interval. The default value is 30s.
Runthetimerspacinglsa-transmitcommandtomodifytheLS-UPDpacketsendingintervalandthenumberofsentLS-UPDpackets.
The default values are 40 ms and 1.
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Run the timers lsa arrival command to modify the delay after which the same LSA is received. The default value is 1000 ms.
Runthetimersthrottlespf commandtomodifytheSPT computation delay, minimuminterval betweentwoSPTcomputations, and
maximum interval between two SPT computations. The default values are 1000 ms, 5000 ms, and 10000 ms.



OSPF Network Types

By default, Ethernet and FDDI belong to the broadcast type, X.25, frame relay, and ATM belong to the NBMA type, and PPP, HDLC, and
LAPB belong to the P2P type.
Run the ip ospf network command to manually specify the network type of an interface.
Run the neighbor command to manually specify a neighbor. For the NBMA and P2MP non-broadcast types, you must manually
specify neighbors.
Runtheipospfprioritycommandtoadjusttheprioritiesofinterfaces,whichareusedforDR/BDRelection.TheDR/BDRelectionis
required for the broadcast and NBMA types. The router with the highest priority wins in the election, and the router with the priority
of 0 does not participate in the election. The default value is 1.
4.3.2 OSPF Route Management

Plan or optimize OSPF routes through manual configuration to implement management of OSPF routes.
Working Principle



(Totally) Stub Area and (Totally)NSSA Area

The (totally) stub and (totally)NSSA areas help reduce the protocol interaction load and the size of the routing table.



If an appropriate area is configured as a (totally) stub or NSSA area, advertisement of a large number of Type 5 and Type 3 LSAs
can be avoided within the area.

Area

Type1 and

Type 3 LSA

Type 4 LSA

Type 5 LSA

Type 7 LSA

Allowed

Allowed

Allowed

Allowed

Not allowed

Allowed

Allowed (containing one

Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Allowed

Not allowed

Allowed

Allowed

Not allowed

Allowed

Type2 LSAs
Non (totally) stub area and NSSA
area
Stub area

default route)
Totally stub area

Allowed

Only one default route is
allowed.

NSSA area

Allowed

Allowed (containing one
default route)

Totally NSSA area

Allowed

Only one default route is
allowed.

The ABR uses Type 3LSAs to advertise a default route to the (totally) stub or NSSA area.
The ABR converts Type 7 LSAs in the totally NSSA area to Type 5LSAs, and advertise Type5LSAs to the backbone area.



Ifanareaisappropriatelyconfiguredasa(totally)stubareaoranNSSAarea,alargenumberofE1,E2,andIArouteswillnotbe
added to the routing table of a router in the area.

Area

Routes Available in the Routing Table of a Router Inside the Area

Non (totally) stub area and NSSA

O: a route to a destination network in the local area
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area

IA: a route to a destination network in another area
E1or E2: arouteordefaultroute toadestinationnetworksegment outsidethe AS(viaany ASBR in
the AS)

Stub area

O: a route to a destination network in the local area
IA: a route or a default route to a destination network in another area

Totally stub area

O: a route to a destination network in the local area
IA: a default route

NSSA area

O: a route to a destination network in the local area
IA: a route or a default route to a destination network in another area
N1or N2: a routeor default routetoa destinationnetworksegment outsidetheAS(viaany ASBR
in the local area)

Totally NSSA area

O: a route to a destination network in the local area
IA: a default route
N1 or N2: a route or default route to a destination network segment outside the AS (via any ASBR
in the local area)



Route Redistribution

Route redistribution refers to the process of introducing routes of other routing protocols, routes of other OSPF processes, static
routes,and directroutesthatexistonthedevicetoanOSPFprocesssothattheseroutescanbeadvertisedtoneighborsusingType5
and Type 7 LSAs. A default route cannot be introduced during route redistribution.
RouteredistributionisoftenusedforinterworkingbetweenASs.YoucanconfigurerouteredistributiononanASBRtoadvertise
routes outside an AS to the interior of the AS, or routes inside an AS to the exterior of the AS.



Default Route Introduction

Byconfiguring acommandonanASBR, youcanintroduceadefaultroutetoanOSPFprocesssothat theroutecanbeadvertisedto
neighbors using Type 5 and Type 7 LSAs.
Default route introduction is often used for interworking between ASs. One default route is used to replace all the routes outside an
AS.



Route Summarization

Route summarization is a process of summarizing routing information with the same prefix into one route, and advertising the
summarized route (replacing a large number of individual routes) to neighbors. Route summarization helps reduce the protocol
interaction load and the size of the routing table.
By default, the ABR advertises inter-area routing information by using Type3 LSAs within a network segment, and advertises
redistributedroutinginformationbyusingType5andType7LSAs.Ifcontinuousnetworksegmentsexist,itisrecommendedthatyou
configure route summarization.
Whenconfiguringroutesummarization, thesummarizationrange may exceedthe actual networkscope ofroutes.If dataissenttoa
network beyond the summarization range, a routing loop may be formed and the router processing load may increase.Toprevent
these problems, the ABR or ASBR automatically adds a discard route to the routing table. This route will not be advertised.



Route Filtering

OSPFsupports routefilteringtoensuresecurityand facilitatecontrolwhen therouting informationisbeing learned, exchanged, or
used.
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Using configuration commands, you can configure route filtering for the following items:



Interface: The interface is prevented from sending routing information (any LSAs) or exchanging routing information (any LSAs)
with neighbors.



Routing information advertised between areas: Only the routing information that meets the filtering conditions can be
advertised to another area (Type 3 LSAs).



Routing information outside an AS: Only the routing information that meets the filtering conditions can be redistributed to the
OSPF process(Type 5 and Type 7 LSAs).



LSAsreceived byarouter: IntheOSPFrouting table,onlytheroutes that arecomputed basedontheLSAs meetingthe filtering
conditions can beadvertised.



Route Cost

If redundancy links or devices exist on the network, multiple paths may exist from the localdevice tothe destination network. OSPF
selects the path with the minimum total cost to form an OSPF route. The total cost of a path is equal to the sum of the costs of
individual links along the path.The total cost of a path can be minimized by modifying the costs of individual links along the path. In
this way, OSPF selects this path to form a route.
Using configuration commands, you can modify the link costs:



Cost from an interface to a directly connected network segment and cost from the interface to a neighbor



Costfrom an ABR to the inter-area summarization network segment and cost from the ABR to the default network segment



CostfromanASBRtoanexternalnetworksegmentandcostfromtheASBRtothedefaultnetworksegment
Both the cost and the metric indicate the cost and are not differentiated from each other.



OSPF Administrative Distance

Theadministrative distance(AD)evaluates reliabilityof aroute,and thevalue isan integer ranging from0to255. AsmallerAD value
indicates that the route is more trustworthy. If multiples exist to the same destination, the route preferentially selects a route with a
smaller AD value. The route with a greater AD value becomes a floating route, that is, a standby route of the optimum route.
Bydefault,the routecomingfromone sourcecorresponds to anADvalue.The ADvalue isalocalconcept. Modifying theAD value
affects route selection only on the current router.
Route

Directly-Co

Source

nnected

Static Route EBGP Route

OSPF Route IS-IS Route

RIP Route

IBGP Route

Unreachabl
e Route

Network
Default AD

0

1

20

110

115

120

200

255

Related Configuration



Stub Area and NSSA Area

No stub or NSSA area is configured by default.
Run thearea stubcommand toconfigure a specified area as a stub area.
Run the area nssa command to configure a specified area as an NSSA area.
The backbone area cannot be configured as a stub or an NSSA area.
A transit area (with virtual links going through) cannot be configured as a stub or an NSSA area.

www.fs.com

840

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

An area containing an ASBR cannot be configured as a stub area.



Route Redistribution and Default Route Introduction

By default, routes are not redistributed and the default route is not introduced.
Run the redistribute command to configure route redistribution.
Run the default-information originate command to introduce the default route.
After configuring route redistribution and default route introduction, the route automatically becomes an ASBR.



Route Summarization

Bydefault,routesarenotsummarized. Ifroutesummarizationisconfigured,adiscardroutewillbeautomaticallyadded.
Run the arearange command to summarize routes distributed between areas (Type 3 LSA) on the ABR.
Run the summary-address command to summarize redistributed routes (Type 5 and Type 7 LSAs) on the ASBR.
Run the discard-route command to add a discard route to the routing table.



Route Filtering

By default, routes are not filtered.
Run the passive-interface command to configure a passive interface. Routing information (any LSAs) cannot be exchanged on a
passive interface.
Run the ip ospfdatabase-filter all out command to prohibit an interface from sending routing information (any LSAs).
Run the area filter-list command tofilter routing information advertised between areas on the ABR. Only the routing information
that meets the filtering conditions can be advertised to another area (Type 3 LSAs).
Use the route-map parameter in the redistribute command, or use the distribute-list out command to filter the external routing
information of the AS on the ASBR. Only the routing information that meets the filtering conditions can be redistributed to the OSPF
process (Type 5 and Type 7 LSAs).
Run thedistribute-listincommand tofilterLSAs received by the router.In theOSPF routingtable, only theroutes that arecomputed
based on the LSAs meeting the filtering conditions can be advertised.



Route Cost



Cost from theinterface to the directly-connected network segment (cost on the interface)
The default value is the auto cost. Auto cost = Reference bandwidth/Interface bandwidth
Runtheauto-costreference-bandwidthcommandtosetthereferencebandwidthofautocost.Thedefaultvalueis100Mbps.
Run the ip ospf cost command to manually set the cost of the interface. The configuration priority of this item is higher than
that of the auto cost.



Cost from the interface to a specified neighbor (that is, cost from the local device to a specified neighbor)
The default value is the auto cost.
Usethe cost parameter in the neighbor command to modify the cost from the interfaceto a specified neighbor.The
configuration priority of this item is higher than that of the cost of the interface.
This configuration item is applicable only to P2MP-type interfaces.



Cost from the ABR to the inter-area summarization network segment (that is, the cost of the summarized inter-area route)
IfOSPFroutingiscompatiblewithRFC1583, thedefaultvalueistheminimumcostamongallcostsofthesummarizedlinks;
otherwise, the default value is the maximum cost among all costs of the summarized links.
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Run the compatible rfc1583 command to make OSPF routing compatible with RFC1583. By default, OSPF routing is compatible
with RFC1583.
Use the cost parameter in the area range command to modify the cost of inter-area route summarization.



Cost from the ABR to the default network segment (that is, the cost of the default route that is automatically advertised by the
ABR to the stub or NSSA areas)
The default value is 1.
Run the area default-cost command to modify the cost of the default route that the ABR automatically advertise to the stub or
NSSA areas.



Cost from the ASBR to an external network segment (that is, the metric of an external route)
By default, the metric of a redistributed BGP route is 1, the metric of other types of redistributed routes is 20, and the route type
is Type 2 External.
Run the default-metric command to modify the default metric of the external route.
Usethe metric,metric-type and route-map parameters in the redistribute command to modify the metricand route type of
the external route.



Cost from the ASBR to the default network segment (that is, the metric of the default route that is manually introduced)
By default, the metric is 1, and the route type is Type 2 External.
Usethemetric,metric-type and route-mapparametersinthedefault-informationoriginatecommandtomodifythemetric
and route type of the default route that is manually introduced.
Usethemetricandmetric-typeparametersofdefault-informationoriginateintheareanssacommandtomodifythemetric
and type of the default route that is manually introduced to the NSSA area.



Run the max-metric router-lsa command to set metrics of all routes advertised on the router to the maximum value. In this
way, the total cost of any path that passes through this router will become very large, and the path can hardly become the
shortest path.



OSPF Administrative Distance

By default, the OSPF AD is 110.
Run the distance command to set the AD of an OSPF route.
4.3.3 Enhanced Security and Reliability

Use functions such as authentication and BFD correlationto enhance security, stability, and reliability of OSPF.
Working Principle



Authentication

Authenticationpreventsroutersthat illegallyaccessthenetwork and hoststhat forgeOSPFpacket fromparticipatingintheOSPF
process. OSPF packets received on the OSPF interface (or at both ends of the virtual link) are authenticated. If authentication fails, the
packets are discarded and the adjacency cannot be set up.
Enabling authentication can avoid learning unauthenticated or invalid routes, thus preventing advertising valid routes to
unauthenticated devices. In the broadcast-type network, authentication also prevents unauthenticated devices from becoming
designated devices, ensuring stability of the routing system and protecting the routing system against intrusions.



MTU Verification
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OnreceivingaDDpacket,OSPFcheckswhethertheMTUoftheneighbor interfaceisthesameas theMTUofthelocalinterface.Ifthe
MTU of the interface specified in the received DD packet is greater than the MTU of the interface that receives the packet, the
adjacency cannot be set up. Disabling MTU verification can avoid this problem.



Source Address Verification

Generally, the source address of a packet received by OSPF is in the same network segment as the receiving interface. The addresses
atbothendsofaP2Plinkareconfiguredseparatelyand arenot necessarilyinthesamenetworksegment. Inthisscenario,as thepeer
addressinformationwillbenotifiedduringtheP2Plinknegotiationprocess,OSPFcheckswhetherthesourceaddressofthepacketis
theaddress advertisedby the peer during negotiation. If not, OSPF determines that the packet is invalid and discards this packet. In
particular, OSPF does not verify the address of an unnumbered interface.
In some scenarios, the source address of a packet received by OSPF maynot be in the same network segment as the receiving
interface, and therefore OSPF address verification fails. For example, the negotiated peer address cannot be obtained on a P2P link. In
this scenario, source address verification must be disabled to ensure that the OSPF adjacency can be properly set up.



Two-Way Maintenance

OSPFroutersperiodicallysendHellopacketstoeachother tomaintainthe adjacency. Onalargenetwork,alot ofpacketsmaybe
sent or received, occupying too much CPU andmemory. As a result, some packets are delayed or discarded. If the processing time of
Hello packets exceeds the dead interval, the adjacency will be destroyed.
If the two-way maintenance function is enabled, in addition to the Hello packets, the DD, LSU, LSR, and LSAck packets can also be
used to maintain the bidirectional communication between neighbors, which makes the adjacency more stable.



Concurrent Neighbor Interaction Restriction

Whena routersimultaneously exchanges datawithmultipleneighbors,itsperformance maybe affected. Ifthe maximum number of
neighbors that concurrently initiate or accept interaction withthe OSPF process, the router caninteract withneighbors by batches,
which ensures data forwarding and other key services.



Overflow

OSPF requires that routers in the same area store the same LSDB. The number of routers keeps increasing on the network. Some
routers,however, cannot storesomuch routing information due to thelimited systemresources.The large amount of routing
information may exhaust the system resources of routers, causing failures of the routers.
The overflow function limit the number of external routes in the LSDB to control the size of the LSDB.
When the number of external routes on a router exceeds the upper limit, the router enters the overflowstate.The router deletes the
external routes generated by itself from the LSDB, and does not generate new external routes. In addition, the router discards the
newly received external routes. After the overflow state timer (5s) expires, if the number of external routes is lower than the upper
limit, the normal state is restored.



GR

The control and forwarding separated technology is widely used among routers. On a relatively stable network topology, when a
GR-enabledrouter isrestarted onthe controlplane, dataforwarding cancontinue on theforwarding plane. Inaddition, actions (such
as adjacency re-forming and route computation) performed on the control plane do not affect functions of the forwarding plane. In
this way, service interruption caused by route flapping can be avoided, thus enhancing reliability of the entire network.
Currently, the GR function is used only during active/standby switchover and system upgrade.
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Figure 4- 7Normal OSPF GR Process



The GR process requires collaboration between the restarter and the helper. The restarter is the router where GR occurs. The
helper is a neighbor of the restarter.



Whenentering or exitingthe GRprocess, therestarter sendsaGrace-LSAto theneighbor,notifyingthe neighbor toenter or exit
the helper state.



When the adjacency between the restarter and the helper reaches the Full state, the router can exit the GR process successfully.



NSR

Duringnonstoprouting(NSR),OSPF-relatedinformationisbackedupfromtheactivesupervisormoduleofadistributeddevicetothe
standby supervisor module. In thisway, the devicecan automatically recover the linkstate and re-generate routes without the help of
the neighbor devices during the active/standby switchover. Information that should be backed up includes the adjacency and link
state.



Fast Hello, BFD Correlation, and Fast Reroute

Afteralinkfaultoccurs,OSPFsensesthedeathoftheneighboronlyafteraperiodoftime(about40s).Then,OSPFadvertisesthe
information and re-computes the SPT. During this period, traffic is interrupted.



Afterthe fastHellofunction isenabled (that is, theneighbor dead interval isset to1s), OSPF cansense thedeath of a neighbor
within 1s once a link is faulty. This greatly accelerates route convergence and prevents traffic interruption.



BFDisusedtotestconnectivitybetweendevices.Alinkfaultcanbedetectedinasshort as150 ms.AfterOSPFiscorrelatedwith
BFD, OSPF can sense the death of a neighbor in as short as 150 ms once a link is faulty. This greatly accelerates route
convergence and prevents traffic interruption.
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Fast reroute prepares a standby route for OSPF. Once the OSPF senses the death of a neighbor, the traffic is immediately
switched over to the standby route, thus preventing traffic interruption.



iSPF



TheOSPFtopologyisareabased.TheSPFalgorithmisrunforindependentcomputationineacharea.ThestandardSPF
algorithm re-computes the topology of the entire area each time even if only the leave nodes change in the area topology.



Whencomputingthenetworktopology, theincrementalSPF(iSPF)correctsonlythenodesontheSPTthatareaffectedbythe
topologicalchanges,anddoesnotre-buildtheentireSPT.Thiscaneffectivelyeasethepressureontherouterprocessorsona
large network, especially when the network is not stable.

Related Configuration



OSPF Packet Authentication

By default, authentication is disabled.



Run the areaauthentication command to enable the authentication function in the entire area so that the function takes effect
on all interfaces in this area. If authentication is enabled in area 0, the function takes effect on the virtual link.



Run the ip ospf authentication command to enable authentication on an interface. This configuration takes precedence over
the area-based configuration.



Run the ip ospf authentication-key command to set the text authentication key on an interface.



Run the ip ospfmessage-digest-key command to set the message digest 5 (MD5) authentication key on an interface.



Usethe authentication parameter in the area virtual-link command to enable authentication at both ends of a virtual link.
This configuration takes precedence over the area-based configuration.



Use the authentication-key parameter in the area virtual-link command to set the text authentication key at both ends of a
virtual link.



Usethe message-digest-key parameter inthe area virtual-linkcommand tosettheMD5 authentication keyat both ends of a
virtual link.



MTU Verification

By default, MTU verification is disabled.
Run the ip ospf mtu-ignore command to disable MTU verification on an interface.



Source address verification

By default, source address verification is enabled on a P2P interface.
Run the ip ospf source-check-ignore command to disable source address verification on an interface.



Two-Way Maintenance

By default, bidirectional maintenance is enabled.
Run the two-way-maintain command to enable two-way maintenance.



Concurrent neighbor Interaction Restriction

Run the max-concurrent-dd command to modify the maximum number of neighbors that are concurrently interacting with the
current OSPF process. The default value is 5.
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Run the ipv6router ospf max-concurrent-ddcommand tomodify the maximum number of neighborsthat are concurrently
interacting with all OSPF processes on the router. The default value is 10.



Overflow

Run the overflow memory-lack command to allow the router to enter the overflow state when the memory is insufficient. By default,
the router is allowed to enter the overflow state when the memory is insufficient.
Run the overflowdatabase command toallow the router toenter the overflowstate when the number of LSAs is too large. By
default, the router is not allowed to enter the overflow state when the number of LSAs is too large.
Run the overflow database external command toallow the router to enter the overflow statewhen the number of externalLSAs is
too large. By default, the router is not allowed to enter the overflow state when the number of external-LSAs is too large.



GR

By default, the restarter functionisdisable, and the helper function isenabled.
Run the graceful-restart command to configure the restarter function.
Run the graceful-restart helper command to configure the helper function.



NSR

By default, NSR is disabled.
Run the nsr command to enable NSR on the current OSPF process.



Fast Hello

By default, the neighbor dead interval on the interface is 40s.
Run theipospf dead-intervalminimal hello-multiplier command toenablethe Fast Hellofunction onan interface,that is,the
neighbor dead interval is 1s.



Correlating OSPFwith BFD

By default, OSPF is not correlated with BFD.
Run the bfd interval min_rx multiplier command to set the BFD parameters.
Run the bfd all-interfaces command to correlate OSPF with BFD on all interfaces.
Run the ip ospf bfd command to correlate OSPF with BFD on the current interface.



Fast Reroute

By default, fast reroute is disabled.
Run thefast-rerouteroute-mapcommand toenable fastrerouteon an OSPFprocesssothat thestandby routedefined inthe route
map can beused.
Runthefast-reroutelfacommand toenable fastrerouteonan OSPFprocesssothat thestandby routecanbecomputed by using
the loop-free standby path.
Run the fast-reroute lfadownstream-paths command to enable fast reroute on an OSPF process so that the standby route can be
computed by using the downstream path.
Run the set fast-reroute backup-interfacebackup-nexthop command to define a standby route in the route map.
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Run the ip ospf fast-reroute protection command to specify theloop-freealternate(LFA) protection mode of an interface.
Run theipospf fast-rerouteno-eligible-backupcommand toprevent an interfacefrombecoming astandby interface.



iSPF

By default, iSPF is disabled.
Run the ispf enable command to enable iSPF on the OSPF process.
4.3.4 Network Management

Use functions such as the MIB and Syslog to facilitate OSPF management.
Working Principle



MIB

MIBisthe devicestatusinformation setmaintained by adevice.Youcan use themanagement program toview and settheMIB node.
MultipleOSPFprocessescanbesimultaneouslystartedona router,butthe OSPFMIBcanbebound withonlyone OSPFprocess.



Trap

ATrapmessageisanotificationgeneratedwhenthesystemdetectsafault.Thismessagecontainstherelatedfaultinformation.
If the Trap function is enabled, the router can proactively send the Trap messages to the network management device.



Syslog

The Syslog records the operations (such as command configuration) performed by users on routers and specific events (such as
network connection failures).
If the Syslog isallowed torecord the adjacency changes, the network administrator can view the logs tolearn the entire processthat
the OSPF adjacency is set up and maintained.
Related Configuration



MIB

By default, the MIB is bound with the OSPF process with the smallest process ID.
Run the enable mib-binding command to bind the MIB with the current OSPF process.



Trap

Bydefault,alltrapsaredisabled,andthedeviceisnotallowedtosendOSPFtraps.
Run theenabletrapscommand toenable a specifiedtrapforan OSPF process.
Run the snmp-server enable traps ospf command to allow the device to send OSPF traps.



SYSLOG

By default, the Syslog is allowed to record the adjacency changes.
Run the log-adj-changes command to allow the Syslog to record the adjacency changes.
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4.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to build an OSPF routing domain.

Configuring OSPF Basic
Functions

routerospf

Creates an OSPF process.

router-id

Configures a router ID.

network area

Enables OSPF on an interfaceand specifies an
area ID.
Same configurationeffectswiththelast

ip ospf area

command.
Configuration on interface takes effect first.

area virtual-link

Creates a virtual link.

(Optional) The configurations are mandatory if the physical network is the X.25, frame relay, or ATM
network.
Setting the Network Type

ip ospf network

Defines the network type.

neighbor

Specifies a neighbor.

ip ospf priority

Configures the DR priority.

(Optional)TheconfigurationsarerecommendediftheOSPFroutingdomainisconnectedwithan
Configuring Route
Redistribution and Default
Route

external network.
redistribute

Configures route redistribution.

router ospf redistribute

Route redistribution based on VRF.

default-information originate

Introduces a default route.

(Optional) It is used to reduce interaction of routing information and the size of routing table, and
Configuring Stub Area and
NSSA Area

enhance stability of routes.
areastub

Configures a stub area.

areanssa

Configures an NSSA area.

(Optional) It is used to reduce interaction of routing information and the size of routing table, and
enhance stability of routes.
area range
Configuring Route
Summarization

summary-address
discard-route

Summarizesroutes thatareadvertisedbetween
areas.
Summarizes routes that are introduced through
redistribution.
Adds a discard route to the routing table.

(Optional)It is used tomanuallycontrol interaction of routing information and filter available OSPF
routes.
Configuring Route Filtering

passive-interface

Configures a passive interface.

ip ospfdatabase-filter all out

Prohibits an interface from sending LSAs.

area filter-list

Filters routes that are advertised between areas..

distribute-list out
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Configuration

Description and Command
distribute-listin

Filters routes that are calculated based on the
received LSAs.

(Optional)Itisused tomanuallycontrol theshortestroute computedby OSPFand determine
whether to select an OSPF route preferentially.
auto-costreference-bandwidth
ip ospf cost
Modifying Route Cost and
AD

areadefault-cost
default-metric
max-metric router-lsa
compatible rfc1583
distance

Modifies the reference bandwidth of the auto
cost.
Modifies the cost in the outbound direction of
an interface.
Modifies the cost of the default route in a stub
or an NSSA area.
Modifies the default metric of a redistributed
route.
Configures the maximum metric.
Enables the routing rules to be compatible with
RFC1583.
Modifies the OSPF AD.

(Optional)ItisusedtopreventroutersthatillegallyaccessthenetworkandhoststhatforgeOSPF
packets from participating in the OSPF protocol process.
areaauthentication
Enabling Authentication
ip ospf authentication
ip ospf authentication-key
ip ospfmessage-digest-keymd5

Enables authentication and sets the
authentication mode in an area.
Enables authentication and sets the
authentication mode on an interface.
Sets the text authentication key on an interface.
Sets the MD5 authentication key on an
interface.

(Optional)Itisusedtoprevent theproblem thatOSPF processesstoprunning due to
over-consumption of the memory.
overflow memory-lack

Allows the router to enter the overflow state
when the memory is insufficient.
Allows the router to enter the overflow state

Enabling Overflow
overflow database

when the number of LSAs exceeds the preset
limit.
Allows the router to enter the overflow state

overflow database external

when the number of external LSAs exceeds the
preset limit.

(Optional) It is used to prevent the problem of performance deterioration caused by
Modifying the Maximum
Number of Concurrent
Neighbors

over-consumption of the CPU.
max-concurrent-dd
router ospf max-concurrent-dd
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Configuration

Description and Command
(Optional) It is used to prevent the problem that the adjacency cannot be set up due to the failure
to obtain the peer address.

Disabling Source Address
Verification

ip ospf source-check-ignore

Disables source address verification on an
interface.

(Optional) It is used to prevent the problem that the adjacency cannot be set up due to MTU
inconsistency on the neighbor interface.

Disabling MTU Verification

ip ospf mtu-ignore
Enabling Two-Way
Maintenance

Disables MTU verification on an interface.

(Optional) It is used to prevent termination of the adjacencydue to the delay or loss of Hello packets.
two-way-maintain

Enables two-way maintenance.

(Optional)ItisusedtoretainOSPFroutingforwardingduring restartor active/standbyswitchover
of the OSPF processes to prevent traffic interruption.

Enabling GR

graceful-restart

Configures the restarter function.

graceful-restart helper

Configures the helper function.

(Optional)It isused toretainOSPF routing forwarding during active/standby switchoverof the
OSPF processes to prevent traffic interruption.

Enabling NSR
nsr

Enables NSR.
(Optional) It is used to quickly discover the death of a neighbor to prevent traffic interruption when

Enabling Fast Hello

a link is faulty.
ip ospf dead-intervalminimal hello-multiplier

Enabling Fast Hello.

(Optional) It is used to quickly discover the death of a neighbor to prevent traffic interruption when
a link is faulty.
CorrelatingOSPFwithBFD

bfd interval min_rx multiplier

Sets BFD parameters.

bfd all-interfaces

Correlates OSPF with BFD on all interfaces.

ip ospf bfd

Correlates OSPF with BFD on the current
interface.

(Optional) It is used to quickly switch over services to the standby route to prevent traffic
interruption.
Enables fast reroute on the OSPF process so that
fast-reroute route-map

the standby route defined in the route map can
be used.

Enabling Fast Reroute

EnablesfastrerouteonanOSPFprocesssothat
fast-reroute lfa

the standby route can be computed by using
the loop-free standby path.
Enables fast reroute on an OSPF process so that

fast-reroute lfadownstream-paths

the standby route can be computed by using
the downstream path.
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Configuration

Description and Command
interface.
ip ospf fast-reroute no-eligible-backup

Prevents an interface from becoming a standby
interface.

(Optional) It is used to enable the incremental topology computation to ease the pressure on the
Enabling iSPF

processor.
ispf enable

Enables iSPF on an OSPF process.

(Optional) The configurations enable users to use the SNMP network management software to
manage OSPF.
Configuring the Network

enable mib-binding

Binds the MIB with the current OSPF process.

Management Function

enable traps

Enables a specified trap for an OSPF process.

snmp-server enable traps ospf

Allows the device to send OSPF traps.

log-adj-changes

Allows the Syslog to record the adjacency
changes.

(Optional) You are advised not to modify protocol control parameters unless necessary.
ip ospf hello-interval

Modifies the Hello interval.

ip ospf dead-interval

Modifies the neighbor death interval.

timers throttle lsa all

Modifying Protocol Control
Parameters

timers throttle route inter-area

Modifies parameters of the exponential backoff
algorithm that generates LSAs.
Modifies the inter-area route computation
delay.

timers throttle route ase

Modifies the external route computation delay.

timerspacinglsa-group

Modifies the LSA group update interval.

timers pacing lsa-transmit

Modifies the LS-UPD packet sending interval.

ip ospf transmit-delay

Modifies the LSU packet transmission delay.

ip ospf retransmit-interval

ModifiestheLSUpacketretransmissioninterval.

timers lsa arrival
timers throttlespf

Modifies the delay after which the same LSA is
received.
Modifies the SPT computation timer.

4.4.1 Configuring OSPF Basic Functions

Configuration Effect



Set up an OSPF routing domain on the network to provide IPv4 unicast routing service for users on the network.

Notes



Ensure that the IP unitcast routing function is enabled, that is, ip routing is not disabled; otherwise, OSPF cannot be enabled.



It is strongly recommended that you manually configure the router ID.



After ip ospf disable all is configured, the interface neither sends or receives any OSPF packet, nor participates in OSPF
computation even if the interface belongs to the network.

Configuration Steps
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Creating an OSPF Process



Mandatory.



The configuration is mandatory for every router.



Configuring a Router ID



(Optional) It is strongly recommended that you manually configure the router ID.



IftherouterIDisnotconfigured,OSPFselectsaninterfaceIPaddress.IftheIPaddressisnot configuredforanyinterface,orthe
configured IP addresses have been used by other OSPF instances, you must manually configure the router ID.



Adding Interface IP to OSPF and Specifying Area ID



Mandatory, unless OSPF is enabled by command on interface.



The configuration is mandatory for every router.



Enabling OSPF on an Interface and Specifying an Area ID



Mandatory, unless the interface is added to OSPF on instance.



The configuration is mandatory for every router.

Verification



Run the show ip route ospf command to verify that the entries of the OSPF routing table are correctly loaded.



Run the ping command to verify that the IPv4 unicast service is correctly configured.

Related Commands



Creating an OSPF Process

Command

router ospf process-id [ vrf vrf-name ]

Parameter

process-id: Indicates the OSPF process ID. If the process ID is not specified, the process ID is 1.

Description

vrf-name: Specifies the VPN routing and forwarding (VRF) to which the OSPF process belongs.

Command

Global configuration mode

Mode
Usage Guide

Different OSPF processes are independent of each other, and can be treated as different routing protocols that run
independently.



Configuring a Router ID

Command

router-idrouter-id

Parameter

router-id: Indicates the router ID to be configured. It is expressed in the IP address.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

DifferentOSPFprocessesareindependentofeachother,andcanbetreatedasdifferentroutingprotocolsthatrun
independently.
Each OSPF process uses a unique router ID.



Adding Interface IP to OSPF and Specifying Area ID
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Command

network ip-address wildcard area area-id

Parameter

ip-address: Indicates the IP address of the interface.

Description

wildcard: Indicates the IP address comparison mode. 0 indicates accurate matching, and 1 indicates that no comparison is
performed.
area-id: Indicates the ID of an OSPF area. An OSPF area is always associated with an address range. To facilitate
management, you can use a subnet as the ID of an OSPF area.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Bydefiningip-addressandwildcard,youcanuseone commandtoassociatemultipleinterfaceswithoneOSPFarea.To
run OSPF on one interface, you must include the primary IP address of the interfacein the IP address range defined by
networkarea. Ifthe IPaddressrange defined by networkarea contains only thesecondary IPaddressof theinterface,
OSPF does not run on this interface. If the interface address matches the IP address ranges defined in the network
commands of multiple OSPF processes, the OSPF process that the interface is associated with is determined based on the
best match method.
Youcan also add an interface to OSPF instance by the ip ospf area command on interface. It two commands are run at
the same time, the configuration on interface takes effect first.



Enabling OSPF on an Interface and Specifying an Area ID

Command

ip ospf process-id area area-id

Parameter

process-id: OSPF instance ID

Description

area-id: OSPF area ID

Command

Interface configuration mode

Mode
Usage Guide

Running this command will add all IPs on the interface to OSPF instance. You can also add an interface to OSPF instance
with network command on instance. It two commands are run at the same time, the configuration on interface takes
effect first.



Enabling OSPF on an Interface and Specifying an Area ID

Command

networkip-addresswildcardareaarea-id

Parameter

ip-address: Indicates the IP address of the interface.

Description

wildcard: Indicates the IP address comparison mode. 0 indicates accurate matching, and 1 indicates that no comparison is
performed.
area-id: Indicates the ID of an OSPF area. An OSPF area is always associated with an address range. To facilitate
management, you can use a subnet as the ID of an OSPF area.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Bydefiningip-addressandwildcard,youcanuseone commandtoassociatemultipleinterfaceswithoneOSPFarea.To
run OSPF on one interface, you must include the primary IP address of the interfacein the IP address range defined by
networkarea. Ifthe IPaddressrange defined by networkarea contains only thesecondary IPaddressof theinterface,
OSPF does not run on this interface. If the interface address matches the IP address ranges defined in the network
commands of multiple OSPF processes, the OSPF process that the interface is associated with is determined based on the
best match method.



Creating a Virtual Link

www.fs.com

853

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Command

area area-id virtual-link router-id [ authentication [ message-digest | null ] ] [ dead-interval { seconds| minimal
hello-multiplier multiplier } ] [ hello-interval seconds ] [ retransmit-interval seconds ] [ transmit-delay seconds ]
[ [ authentication-key [ 0 | 7 ] key ] | [ message-digest-key key-id md5 [ 0 | 7 ] key ] ]

Parameter

area-id: Indicates the ID of the OSPF transit area. The area ID can be a decimal integer or an IP address.

Description

router-id: Indicates the ID of a neighborrouter on the virtual link.
dead-intervalseconds:Indicatesthetimethattheneighborisdeclaredlost.Theunitissecond.Thevaluerangesfrom0to
2,147,483,647. The setting of this parameter must be consistent with that on a neighbor.
minimal: Indicates that the Fast Hello function is enabled to set the dead interval to 1s.
hello-multiplier: Indicates the result of the dead interval multiple by the Hello interval in the Fast Hello function.
multiplier:Indicatesthenumber ofHellopacketssentper secondintheFastHellofunction.Thevalue rangesfrom3to20.
hello-intervalseconds:IndicatestheintervalatwhichOSPFsendstheHellopackettothevirtuallink.The unitissecond.
The value ranges from 1 to 65,535. The setting of this parameter must be consistent with that on a neighbor.
retransmit-interval seconds: Indicates the OSPF LSA retransmission time. The unit is second. The value ranges from 1 to
65,535.
transmit-delay seconds: Indicates the delay after which OSPF sends the LSA. The unit is second. The value ranges from 1
to 65,535.
authentication-key [ 0 | 7 ]key: Defines the key for OSPF plain text authentication.
message-digest-key key-idmd5 [ 0 | 7 ]key: Defines the key ID and key for OSPF MD5 authentication.
authentication:Setstheauthenticationtype to plaintext authentication.
message-digest: Sets the authentication type toMD5 authentication.
null: Indicates that authentication is disabled.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Inthe OSPF routing domain, all areas must be connected to thebackbone area. If the backbone area isdisconnected, a
virtual link must be configured to connect to the backbone area; otherwise, network communication problems will occur.
Avirtual link must be created between two ABRs, and the area to which both ABRs belong is the transit area. A stub area
or an NSSA area cannot be used as a transit area. A virtual link canalso be used toconnect other non-backbone areas.
router-idis theIDof an OSPF neighbor router.If you are sureabout the value of router-id, run the showip ospf
neighbor command to confirm the value. You can configure the loopback address as the router ID.
Theareavirtual-linkcommanddefines onlytheauthenticationkeyof thevirtuallink.ToenableOSPFpacket
authentication in the areas connected to the virtual link, you must run the area authentication command.
OSPF supports the Fast Hello function.
After the OSPF Fast Hello function is enabled, OSPF finds neighbors and detects neighbor failures faster. You can enable
theOSPFFastHellofunctionbyspecifyingtheminimalandhello-multiplierkeywordsand themultiplierparameter.
The minimal keyword indicates that the death interval is set to 1s, and hello-multiplier indicates the number of Hello
packets sent per second. In this way, the interval at which the Hello packet is sent decreases to less than 1s.
If the Fast Hello function is configured for a virtual link, the Hello interval field of the Hello packet advertised on the
virtual link is set to 0, and the Hello interval field of the Hello packet received on this virtual link is ignored.
Nomatter whether the Fast Hello function isenabled, the death interval must be consistent and the hello-multiplier
values can be inconsistent on routers at both ends of the virtual link. Ensure that at least one Hello packet can be
received within the death interval.
Run the show ip ospf virtual-links command to monitor the death interval and Fast Hello interval configured for the
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virtual link.
The dead-interval minimal hello-multiplier and hello-interval parameters introduced for the Fast Hello function
cannot be configured simultaneously.
Configuration Example
Scenario
Figure 4-8

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.3.1
C: GE 0/3 192.168.2.2
D: GE 0/3 192.168.3.2

Configuration



Configure the interface IP addresses on all routers.

Steps



Enable the IPv4 unicast routing function on all routers. (This function is enabled by default.)



Configure the OSPF instances and router IDs on all routers.



Enable OSPF on the interfaces configured on all routers.

A

A#configure terminal
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)#exit
A(config)#interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#ip address 192.168.2.1 255.255.255.0
A(config-if-GigabitEthernet 0/2)#exit
A(config)#router ospf 1
A(config-router)#router-id192.168.1.1
A(config-router)#network 192.168.1.0 0.0.0.255 area 0
A(config-router)#network 192.168.2.0 0.0.0.255 area 1

B

B#configure terminal
B(config)#interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ip address 192.168.1.2 255.255.255.0
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B(config-if-GigabitEthernet 0/1)#exit
B(config)#interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)#ip address 192.168.3.1 255.255.255.0
B(config-if-GigabitEthernet 0/2)#exit
B(config)#router ospf 1
B(config-router)#router-id192.168.1.2
B(config-router)#network 192.168.1.0 0.0.0.255 area 0
B(config-router)#network 192.168.3.0 0.0.0.255 area 2
C

C#configure terminal
C(config)#interface GigabitEthernet 0/3
C(config-if-GigabitEthernet 0/3)#ip address 192.168.2.2 255.255.255.0
C(config-if-GigabitEthernet 0/3)#exit
C(config)#router ospf 1
C(config-router)#router-id192.168.2.2
C(config-router)#network 192.168.2.0 0.0.0.255 area 1

D

D#configure terminal
D(config)#interface GigabitEthernet 0/3
D(config-if-GigabitEthernet 0/3)#ip address 192.168.3.2 255.255.255.0
D(config-if-GigabitEthernet 0/3)#exit
D(config)#router ospf 1
D(config-router)#router-id192.168.3.2
D(config-router)#network 192.168.3.0 0.0.0.255 area 2

Verification

A



Verify that the OSPF neighbors are correct on all routers.



Verify that the routing table is correctly loaded on all routers.



On Router D, verify that the IP address 192.168.2.2 can be pinged successfully.

A# show ip ospf neighbor
OSPF process 1, 2 Neighbors, 2 is Full:
Neighbor ID Pri State

Dead Time Address

Interface

192.168.1.2 1 Full/DR 00:00:40192.168.1.2 GigabitEthernet 0/1
192.168.2.2 1 Full/BDR00:00:34 192.168.2.2 GigabitEthernet 0/2

A# show ip route ospf
O IA 192.168.3.0/24 [110/2] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
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B

B# show ip ospf neighbor
OSPF process 1, 2 Neighbors, 2 is Full:
Neighbor ID Pri State Dead Time Address

Interface

192.168.1.1 1 Full/BDR 00:00:32 192.168.1.1 GigabitEthernet 0/1
192.168.3.2 1 Full/BDR00:00:30 192.168.3.2 GigabitEthernet 0/2

B# show ip route ospf
O IA 192.168.2.0/24 [110/2] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
C

C# show ip ospf neighbor
OSPF process 1,1 Neighbors,1 is Full:
Neighbor ID Pri State Dead Time Address

Interface

192.168.1.1 1 Full/BDR 00:00:32 192.168.2.1 GigabitEthernet 0/3

C# show ip route ospf
O IA 192.168.1.0/24 [110/2] via 192.168.2.1, 00:19:05, GigabitEthernet 0/3
O IA 192.168.3.0/24 [110/3] via 192.168.2.1, 00:19:05, GigabitEthernet 0/3
D

D# show ip ospf neighbor
OSPF process 1,1 Neighbors,1 is Full:
Neighbor ID Pri State Dead Time Address

Interface

192.168.1.21 Full/BDR00:00:30 192.168.3.1 GigabitEthernet 0/3

D# show ip route ospf
O IA 192.168.1.0/24 [110/2] via 192.168.3.1, 00:19:05, GigabitEthernet 0/3
O IA 192.168.2.0/24 [110/3] via 192.168.3.1, 00:19:05, GigabitEthernet 0/3

D# ping 192.168.2.2
Sending 5, 100-byte ICMP Echoes to 192.168.2.2, timeout is 2 seconds:
< press Ctrl+C to break >
!!!!!
Success rate is 100 percent (5/5), round-trip min/avg/max = 1/1/1 ms.
Common Errors



OSPF cannot be enabled because the IP unicast routing function is disabled.



The network segment configured by the network command does not include the interface IP addresses.
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The area IDs enabled on adjacent interfaces are inconsistent.



The same router ID is configured on multiple routers, resulting in a router ID conflict.



The same interface IP address is configured on multiple routers, resulting in a running error of the OSPF network.

4.4.2 SettingtheNetworkType

Configuration Effect



Run OSPF to provide the IPv4 unicast routing serviceif the physical network is X.25, frame relay, or ATM.

Notes



The OSPF basic functions must be configured.



The broadcast network sends OSPF packets in multicast mode. Neighbors are automatically discovered, and the DR/BDR
election is required.



The P2P network sends OSPF packets in multicast mode. Neighbors are automatically discovered.



The NBMA network sends OSPF packets in unicast mode. Neighbors must be manually specified, and the DR/BDR election is
required.



The P2MP network (without the non-broadcast parameter) sends OSPF packets in multicast mode. Neighbors are automatically
discovered.



The P2MP network (with the non-broadcast parameter) sends OSPF packets in unicast mode. Neighbors must be manually
specified.

Configuration Steps



Configuring the Interface Network Type



Optional.



The configuration is required on routers at both ends of the link.



Configuring Neighbors



(Optional)Iftheinterfacenetworktype issettoNBMAorP2MP(withthenon-broadcastparameter),neighborsmustbe
configured.



Neighbors are configured on routers at both ends of the NBMA or P2MP (with the non-broadcast parameter) network.



Configuring the Interface Priority



(Optional) Youmust configure the interface priority if a router must be specified as a DR, or a router cannot be specified as a DR.



Configure the interface priority on a router that must be specified as a DR, or cannot be specified as a DR.

Verification



Run the show ip ospf interface command to verify that the network type of each interface is correct.

Related Commands



Configuring the Interface Network Type
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Command

ip ospf network { broadcast| non-broadcast| point-to-multipoint[ non-broadcast] | point-to-point}

Parameter

broadcast: Sets the interface network type to broadcast.

Description

non-broadcast: Sets the interface network type to non-broadcast.
point-to-multipoint[ non-broadcast]:Sets theinterfacenetworktype toP2MP.If theinterfacedoes not have the
broadcast capability, the non-broadcast parameter must be available.
point-to-point: Sets the interface network type to P2P.

Command

Interface configuration mode

Mode
Usage Guide

The broadcasttype requires that theinterfacemust have thebroadcastcapability.
The P2P type requires that the interfaces are interconnected in one-to-one manner.
The NBMA type requires full-meshed connections, and all interconnected routers can directly communicate with each
other.
The P2MP type does not raise any requirement.



Configuring Neighbors

Command

neighbor ip-address [ poll-intervalseconds ] [ prioritypriority ] [ cost cost ]

Parameter

ip-address: Indicates the IP address of the neighbor interface.

Description

poll-intervalseconds: Indicates the neighbor polling interval. The unit is second. The value ranges from 0 to
2,147,483,647. This parameter is applicable only to the NBMA interface.
prioritypriority:Indicatestheneighbor priority.Thevalue rangesfrom0to255.Thisparameterisapplicableonly tothe
NBMA interface.
costcost:Indicatesthecostrequiredtoreacheachneighbor.Thereisnodefaultvalue.Thevaluerangesfrom0to65,535.
This parameter is applicable only to the P2MP interface.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Neighbors must be specified for the NBMA or P2MP (non-broadcast) interfaces. The neighbor IP address must be the
primary IP address of this neighbor interface.
Ifa neighbor router becomes inactiveon the NBMAnetwork, OSPFstillsends Hellopacketstothis neighbor even ifno
Hello packet is received within the router death time. The interval at which the Hello packet is sent is called polling
interval.When running for the firsttime,OSPF sends Hello packets only toneighbors whose prioritiesare not 0. In this
way,neighborswithprioritiessetto0donotparticipateintheDR/BDRelection.AfteraDR/BDRiselected,theDR/BDR
sends the Hello packets to all neighbors to set up the adjacency.
The P2MP (non-broadcast) network cannot dynamically discover neighbors because it does not have the broadcast
capability.Therefore,youmustusethiscommandtomanuallyconfigureneighborsfortheP2MP(non-broadcast)
network. In addition, you can use the cost parameter to specify the cost to reach each neighbor on the P2MP network.



Configuring the Interface Priority

Command

ip ospf priority priority

Parameter

priority: Indicates the OSPF priority of an interface. The value ranges from 0 to 255.

Description
Command

Interface configuration mode

Mode
Usage Guide

The OSPF interface priority is contained in the Hello packet. When the DR/BDR election occurs on the OSPF broadcast
network, the router with the highest priority becomes the DR or BDR. If the priorities are the same, the router with the
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largest router ID becomes the DR or BDR. A router with the priority set to 0 does not participate in the DR/BDR election.
This command is applicable only to the OSPF broadcast and NBMA interfaces.
Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Setting the Interface Network Type to P2MP

Scenario
Figure 4-9

Remarks

The interface IP addresses are as follows:
A: S1/0 192.168.1.2
B: S1/0 192.168.1.3
C: S1/0 192.168.1.4

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Set the interface network type to P2MP on all routers.

A

A#configure terminal
A(config)# interface Serial1/0
A(config-Serial1/0)# encapsulation frame-relay
A(config-Serial1/0)# ip ospf network point-to-multipoint

B

B#configure terminal
B(config)# interface Serial1/0
B(config-Serial1/0)# encapsulation frame-relay
B(config-Serial1/0)# ip ospf network point-to-multipoint

C

C#configure terminal
C(config)# interface Serial1/0
C(config-Serial1/0)# encapsulation frame-relay
C(config-Serial1/0)# ip ospf network point-to-multipoint

www.fs.com

860

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Verification

Verifythatthe interfacenetworktype isP2MP.
A# show ip ospf interface Serial1/0
Serial1/0 is up, line protocol is up
InternetAddress 192.168.1.2/24, Ifindex 2, Area 0.0.0.1, MTU 1500
Matching network config: 192.168.1.0/24
Process ID 1, Router ID 192.168.1.2, Network Type POINTOMULTIPOINT, Cost: 1
Transmit Delay is 1 sec, State Point-To-Point
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
Hello due in 00:00:02
Neighbor Countis 1, Adjacent neighbor count is 0
Crypt Sequence Number is 4787
Hello received 465 sent 466, DD received 8 sent 8
LS-Req received 2 sent 2, LS-Upd received 8 sent 21
LS-Ack received 14 sent 7, Discarded 3

Common Errors



The network types configured on interfaces at two ends are inconsistent, causing abnormal route learning.



The network type is set to NBMA or P2MP (with the non-broadcast parameter), but neighbors are not specified.

4.4.3 Configuring Route Redistribution and Default Route

Configuration Effect



IntheOSPFdomain, introduceaunicastroutetoother ASdomainssothattheunicastroutingservicetoother ASdomainscan
be provided for users in the OSPF domain.



In the OSPF domain, inject a default route toother AS domains so that the unicast routing serviceto other AS domains can be
provided for users in the OSPF domain.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Configuring External Route Redistribution



(Optional) This configuration is required if external routes of the OSPF domain should be introduced to an ASBR.



This configuration is performed on an ASBR.



Generating a Default Route



(Optional)This configurationisrequiredifthe defaultrouteshould be introduced toan ASBR sothat other routersin theOSPF
domain access other AS domains through this ASBR by default.



This configuration is performed on an ASBR.

www.fs.com

861

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Verification



Ona router insidethe OSPF domain, run theshow iproutecommand toverify that the unicast routes to other AS domains are
loaded.



On a router inside the OSPF domain, run the show ip route command to verify that the default route to the ASBR is loaded.



Run the ping command to verify that the IPv4 unicast service to other AS domains is correct.

Related Commands



Configuring External Route Redistribution

Command

redistribute {bgp | connected |isis[ area-tag ] |ospfprocess-id | rip | arp-host | static}[ { level-1 | level-1-2 | level-2} ]
[ match {internal | external [1|2]| nssa-external [1|2]} ] [ metric metric-value] [ metric-type {1|2} ] [ route-map
route-map-name] [ subnets ] [ tagtag-value ]

Parameter

bgp: Indicates redistribution from BGP.

Description

connected: Indicates redistribution from direct routes.
isis [ area-tag ]: Indicates redistribution from IS-IS.area-tag specifies the IS-IS instance.
ospfprocess-id:Indicates redistribution fromOSPF.process-id specifies an OSPF process.Thevaluerangesfrom 1to
65,535.
rip: Indicates redistribution from RIP.
static: Indicates redistribution from static routes.
arp-host: Indicates redistribution from arp routes.
level-1|level-1-2|level-2:UsedonlywhenIS-ISroutesareredistributed.Onlytheroutesofthespecifiedlevelare
redistributed. By default, only level-2 IS-IS routes can be redistributed.
match:UsedonlywhenOSPFroutesareredistributed.Onlytheroutesmeetingthefilteringconditionsareredistributed.
By default, all OSPF routes can be redistributed.
metric metric-value: Specifies the metric of the OSPF external LSA. metric-value specifies the size of the metric. The value
ranges from 0 to 16,777,214.
metric-type{1|2}:Setstheexternal routetype, whichcanbeE-1 orE-2.
route-map route-map-name: Setsthe redistribution filtering rules.
subnets: Specifiesthe non-standard networks for redistribution.
tag tag-value: Specifies the tag value of the route that is redistributed into the OSPF routing domain. The value ranges
from 0 to 4,294,967,295.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Afterthiscommandisconfigured, therouterbecomesanASBR, importsrelatedroutinginformationtotheOSPFdomain,
and advertises the routing information as Type 5 LSAs to other OSPF routers in the domain.
If you configure redistribution of IS-IS routes without specifying the level parameter, only level-2 routes can be
redistributed by default. If you specify the level parameter during initial configuration of redistribution, routes of the
specifiedlevel canberedistributed. Ifboth level-1and level-2areconfigured, thetwolevels arecombined andsaved as
level-1-2. For details, see the configuration example.
If you configure redistribution of OSPF routes without specifying the match parameter, OSPF routes of all sub-types can
be distributed by default.The latest setting of the match parameter is used as the initial match parameter. Only routes
that match the sub-types can be redistributed. Youcan use the no form of the command to restore the default value of
match. For details, see the configuration example.
If route-map is specified, the filtering rules specified in route-map are applicable to original parameters of
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redistribution.Forredistributionof OSPForIS-ISroutes,theroutemap isusedforfilteringonly when theredistributed
routes meet criteria specified by match or level.
Thesetmetricvalue associatedwithroute-map shouldfallintotherangeof 0to16,777,214. Ifthevalue exceedsthis
range, routes cannot be introduced.
The configuration rules for the no form of the redistribute command are as follows:
1. If some parameters are specified in the no form of the command, default values of these parameters will be restored.
2. If no parameter is specified in the no form of the command, the entire command will be deleted.
Forexample, ifredistributeisis112 level-2 isconfigured,youcanrunthenoredistributeisis112 level-2commandto
restore the default value of level-2.
Aslevel-2 itselfisthedefault value of theparameter,the configuration saved isstillredistributeisis 112 level-2 afterthe
preceding no form of the command is executed. To delete the entire command, run the no redistribute isis 112
command.
IfVRF redistribution configuration (router ospf redistribute) and instance redistribution are configured at the same
time, the later one takes effect first.



Configuring Route Redistribution based on VRF

Command

router ospf redistribute { bgp |connected | isis |ospf | rip | arp-host |static } [ route-map route-map-name ] [ vrf
vrf-name ]

Parameter

bgp: Indicates redistribution from BGP.

Description

connected: Indicates redistribution from direct routes.
isis [ area-tag ]: Indicates redistribution from IS-IS.area-tag specifies the IS-IS instance.
ospf process-id: Indicates redistribution from OSPF.process-id specifies an OSPF process.
rip: Indicates redistribution from RIP.
static: Indicates redistribution from static routes.
arp-host: Redistribute from arp-host routes
route-map route-map-name: Sets the redistribution filtering rules.
vrf vrf-name: Redistribution VRF. Global VRF if not specified.

Command

Global configuration mode

Mode
Usage Guide

Afterthiscommandisconfigured, therouterbecomesanASBR, importsrelatedroutinginformationtotheOSPFdomain,
and advertises the routing information as Type 5 LSAs to other OSPF routers in the domain.
If this command and redistribute on instance are configured at the same time, the later one takes effect.



Introducing a Default Route

Command

default-information originate [always] [metric metric] [metric-type type] [route-mapmap-name]

Parameter

always: Enables OSPF to generate a default route regardless of whether the local router has a default route.

Description

metric metric: Indicates the initial metric of the default route. The value ranges from 0 to 16,777,214.
metric-typetype:Indicatesthetypeofthedefaultroute.OSPFexternalroutesareclassifiedintotwotypes:Type1:The
metricvarieswithrouters;Type2:The metricisthesame forallrouters.Type1external routesaremoretrustworthythan
Type 2 externalroutes.
route-map map-name: Indicates the associated route-map name. By default, no route-map is associated.

Command

OSPF routing process configuration mode

Mode
Usage Guide
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The ASBR, however, does not automatically generate or advertise a default route to all routers in the OSPF routing
domain.Tohavethe ASBRgenerates adefaultroute,configure the default-informationoriginatecommand.
If always is specified, the OSPF routing process advertises an external default route to neighbors regardless of whether a
defaultrouteexists.This default route, however,is not displayed on the local router.Toconfirmwhether the default route
isgenerated,runtheshow ipospf databasecommandtodisplaytheOSPFlinkstatusdatabase.The external linkwith
the ID 0.0.0.0 describes the default route. On an OSPF neighbor, you can run the show ip route command to see the
default route.
The metric of the external default route can only be defined in the default-information originate command, instead of
the default-metric command.
OSPF has two types of external routes. The metric of the Type 1 external route changes, but the metric of the Type 2
external route is fixed. If two parallel paths to the same destination have the same route metric, the priority of theType 1
route is higher than that of the Type 2 route. Therefore, the show ip route command displays only the Type 1 route.
A router in the stub area cannot generate an external default route.
Thesetmetricvalue associatedwithroute-map shouldfallintotherangeof 0to16,777,214. Ifthevalue exceedsthis
range, routes cannot be introduced.
Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring Static Route Redistribution

Scenario
Figure 4-10

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.3.1
C: GE 0/2 192.168.2.2
D: GE 0/1 192.168.6.2 GE 0/2 192.168.3.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Introduce an external static route to Router D.
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D

D# configure terminal
D(config)# ip route 172.10.10.0 255.255.255.0 192.168.6.3
D(config)#router ospf 1
D(config-router)# redistribute staticsubnets

Verification



OnRouterD, runtheshowipospf database external brief command toverifythat an LSA correspondingtoan
external route is generated.


D

On Router C, run the show ip route ospf command to verify that the external static route has been introduced.

D# show ip ospf database external brief
OSPF Router with ID (192.168.22.30) (Process ID 1)
AS External Link States

C

Link ID

ADVRouter

172.10.10.0

192.168.22.30

Age Seq#
11

Tag

CkSum Route

0x80000001 0xa4bb E2 172.10.10.0/24

0

C# show ip route ospf
O E2 172.10.10.0/24 [110/20] via 192.168.2.1, 00:18:03, GigabitEthernet 0/2



Configuring the Default Route

Scenario
Figure 4-11

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.3.1
C: GE 0/2 192.168.2.2
D: GE 0/2 192.168.3.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure the default route on Router D.
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D

D# configure terminal
D(config)#router ospf 1
D(config-router)#default-information originate always

Verification



OnRouter D, runthe showipospf database external brief command toverifythat an LSA corresponding tothe
default route is generated.


D

On Router C, run the show ip route ospf command to verify that the OSPF default route exists.

D#show ip ospf database external brief
OSPF Router with ID (192.168.22.30) (Process ID 1)
AS External Link States

C

Link ID

ADVRouter

0.0.0.0

192.168.22.30

Age Seq#

CkSum Route

565 0x80000002 0xa190 E2 0.0.0.0/0

Tag
1

C# show ip route ospf
O E20.0.0.0/0 [110/20] via 192.168.2.1, 00:18:03, GigabitEthernet 0/2

Common Errors



The subnet route is not introduced because the subnets parameter in the redistribute command is not configured.



A routing loop is formed because the default-information originate always command is configured on multiple routers.



Routes cannot be introduced because route redistribution is configured on a router in the stub area.

4.4.4 Configuring Stub Area and NSSA Area

Configuration Effect



Configure an area located on the stub as a stub area to reduce interaction of routing information and the size of routing table,
and enhance stability of routes.

Notes



The OSPF basic functions must be configured.



A backbone or transit area cannot be configured as a stub or an NSSA area.



A router in the stub area cannot introduce external routes, but a router in the NSSA area can introduce external routes.

Configuration Steps



Configuring a Stub Area



(Optional) This configuration is required if you wish to reduce the size of the routing table on routers in the area.



The area must be configured as a stub area on all routers in this area.



Configuring an NSSA Area
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(Optional) This configuration is required if you wish to reduce the size of the routing table on routers in the area and introduce
OSPF external routes to the area.



The area must be configured as an NSSA area on all routers in this area.

Verification



Verifying the Stub Area



On a router in the stub area, run the show ip route command to verify that the router is not loaded with any external routes.



Verifying the NSSA Area



Onarouter inthe NSSA area, run theshow ipospf databasecommand toverifythat theintroduced external route generates
Type 7 LSAs.



On a router in the backbone area, run the show ip route command to verify that the router is loaded with external routes
introduced from the NSSA area.

Related Commands



Configuring a Stub Area

Command

area area-id stub [ no-summary ]

Parameter

area-id: Indicates the ID of the stub area.

Description

no-summary:ProhibitstheABRfromsendingnetworksummaryLSAs.Atthistime,thestubcanbecalledtotallystub
area. This parameter is configured only when the router is an ABR.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Youmustrun theareastubcommandonall routersintheOSPFstubarea.The ABRsendsonlythreetypesofLSAstothe
stub area: (1) Type 1: Router LSA; (2) Type 2: Network LSA; (3) Type 3: Network Summary LSA. From the routing table point
of view, a router in the stub area can learn only the internal routes of the OSPF routing domain, including the internal
default route generated by an ABR. A router in the stub area cannot learn external routes of the OSPF routing domain.
Toconfigureatotally stubarea, add theno-summary keywordwhen running the areastub commandon the ABR. A
router in the totally stub area can learn only the internal routes of the local area, including the internal default route
generated by an ABR.
Youcanruneithertheareastuborareadefault-costcommandtoconfigureanOSPFareaasastubarea.Ifareastubis
used, you must configure this command on all routers connected to the stub area. If area default-cost is used, run this
command only on the ABR in the stub area. The area default-cost command defines the initial cost (metric) of the
internal default route.



Configuring an NSSA Area

Command

areaarea-id nssa [ no-redistribution] [default-information-originate[metricvalue] [ metric-typetype ]] [no-summary]
[ translator [ stability-intervalseconds | always] ]

Parameter

area-id: Indicates the ID of the NSSA area.

Description

no-redistribution:Select thisoption iftherouter isan NSSAABR and you want touseonly theredistributecommand to
introduce the routing information into a common area instead of an NSSA area.
default-information-originate: Indicates that a default Type 7 LSA is generated and introduced to the NSSA area. This
option takes effect only on an NSSA ABR or ASBR.
metricvalue: Specifies the metric of the generated default LSA. The value ranges from 0 to 16,777,214. The default value is
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1.
metric-typetype:Specifiestheroutetype ofthegenerated defaultLSA.Thevaluesinclude1and 2.1representsN-1,and
2 represents N-2. The default value is 2.
no-summary: Prohibits the ABR in the NSSA area from sending summary LSAs (Type-3 LSA).
translator: Indicatesthat the NSSA ABR is a translator.
stability-intervalseconds: Indicates the stability interval after the NSSA ABR is changed from a translator to a
non-translator.The unit is second. The default value is 40. The value ranges from 0 to 2,147,483,647.
always: Indicates that the current NSSA ABR always acts as a translator.The default value isthe standby translator.
Command

OSPF routing process configuration mode

Mode
Usage Guide

The default-information-originate parameter is used to generate a default Type 7 LSA. This parameter has different
functions on the ABR and the ASBR in the NSSA area. On the ABR, a Type 7 LSA default route is generated regardless of
whetherthedefaultrouteexistsintheroutingtable.OntheASBR (notanABR),aType7LSAdefaultrouteisgenerated
only when the default route exists in the routing table.
If the no-redistribution parameter is configured on the ASBR, other external routes introduced by OSPF through the
redistributecommandcannot beadvertisedtotheNSSAarea.Thisparameterisgenerallyusedwhenarouterinthe
NSSA area acts both as the ASBR and the ABR. It prevents external routing information from entering the NSSA area.
To further reduce the number of LSAs sent to the NSSA area, you can configure the no-summary parameter on the ABR
to prevent the ABR from sending the summary LSAs (Type 3 LSA) to the NSSA area.
area default-cost is used on an ABR or ASBR connected to the NSSAarea. This command configures the costof the
defaultroutesentfromtheABR/ASBRtotheNSSAarea.Bydefault,thecostofthedefaultroutesenttotheNSSAareais1.
If an NSSA area has two or more ABRs, the ABR with the largest router ID is elected by default as the translator for
converting Type 7 LSAs into Type 5 LSAs. If the current device is always the translator ABR for converting Type 7 LSAs into
Type 5 LSAs, use the translator always parameter.
If the translator role of the current device is replaced by another ABR, the conversion capability is retained during the
timespecifiedby stability-interval.If therouterdoesnot become atranslatoragainduring stability-interval,LSAsthat
are converted from Type 7 to Type 5 will be deleted from the AS after stability-interval expires.
Toprevent a routing loop, LSAs that are converted fromType 7toType 5 will be deleted fromthe AS immediately after
the current device loses the translator role even if stability-interval does not expire.
In the same NSSA area, it is recommended that translator always be configured on only one ABR.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring a Stub Area
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Scenario
Figure 4-12

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.3.1
C: GE 0/2 192.168.2.2
D: GE 0/1 192.168.6.2 GE 0/2 192.168.3.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Introduce an external static route to Router D.



Configure area 1 as the stub area on Router A and Router C.

D

D# configure terminal
D(config)#router ospf 1
D(config-router)# redistribute staticsubnets

A

A# configure terminal
A(config)#router ospf 1
A(config-router)#area 1 stubno-summary

C

C# configure terminal
C(config)#router ospf 1
C(config-router)#area 1 stub

Verification

On Router C, run the show ip route ospf command to display the routing table. Verify that there is only one default
inter-area route, and no external static route is introduced from Router D.
C#show ip route ospf
O*IA 0.0.0.0/0 [110/2] via 192.168.2.1, 00:30:53, GigabitEthernet 0/2



Configuring an NSSA Area
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Scenario
Figure 4-13

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.3.1
C: GE 0/2 192.168.2.2
D: GE 0/1 192.168.6.2 GE 0/2 192.168.3.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Introduce an external static route to Router D.



Configure area 2 as the NSSA area on Router B and Router D.

B

B# configure terminal
B(config)#router ospf 1
B(config-router)#area 2 nssa

D

D# configure terminal
D(config)#ip route 172.10.10.0 255.255.255.0 192.168.6.2
D(config)#router ospf 1
D(config-router)#redistribute static subnets
D(config-router)#area 2 nssa

Verification

D



On Router D, verify that the Type 7 LSA, 172.10.10.0/24, is generated.



On Router B, verify that Type 5 and Type 7 LSAs coexist on 172.10.10.0/24.



On Router B, verify that the N-2 route of 172.10.10.0/24 is generated.

D# show ip ospf database nssa-external
OSPF Router with ID (192.168.6.2) (Process ID 1)
NSSA-external Link States (Area 0.0.0.1 [NSSA])
LS age: 61
Options: 0x8 (-|-|-|-|N/P|-|-|-)
LS Type: AS-NSSA-LSA
Link State ID: 172.10.10.0 (External Network Number For NSSA)
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Advertising Router: 192.168.6.2
LS Seq Number: 80000001
Checksum: 0xc8f8
Length: 36
Network Mask: /24
Metric Type: 2 (Larger than any link state path)
TOS: 0
Metric: 20
NSSA: Forward Address: 192.168.6.2
External Route Tag: 0
B

B# show ip ospf database nssa-external
OSPF Router with ID (192.168.3.1) (Process ID 1)
NSSA-external Link States (Area 0.0.0.1 [NSSA])
LS age: 314
Options: 0x8 (-|-|-|-|N/P|-|-|-)
LS Type: AS-NSSA-LSA
LinkState ID: 172.10.10.0 (External Network Number For NSSA)
Advertising Router: 192.168.6.2
LS Seq Number: 80000001
Checksum: 0xc8f8
Length: 36
Network Mask: /24
Metric Type: 2 (Larger than any link state path)
TOS: 0
Metric: 20
NSSA: Forward Address: 192.168.6.2
External Route Tag: 0
B# show ip ospf database external
OSPF Router with ID (192.168.3.1) (Process ID 1)
AS External Link States
LS age: 875
Options: 0x2 (-|-|-|-|-|-|E|-)
LS Type: AS-external-LSA
Link State ID: 172.10.10.0 (External Network Number)
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Advertising Router: 192.168.3.1
LS Seq Number: 80000001
Checksum: 0xd0d3
Length: 36
Network Mask: /24
Metric Type: 2 (LaFSer than any link state path)
TOS: 0
Metric: 20
Forward Address: 192.168.6.2
External Route Tag: 0

B# show ip route ospf
O N2 172.10.10.0/24 [110/20] via 192.168.3.2, 00:06:53, GigabitEthernet 0/2
Common Errors



Configurations of the area type are inconsistent on routers in the same area.



External routes cannot be introduced because route redistribution is configured on a router in the stub area.

4.4.5 Configuring RouteSummarization

Configuration Effect



Summarize routes to reduce interaction of routing information and the size of routing table, and enhance stability of routes.



Shield or filter routes.

Notes



The OSPF basic functions must be configured.



The address range of summarized routes may exceed the actual network range in the routing table. If data is sent to a network
beyondthesummarization range, aroutingloopmaybe formedand therouter processingloadmayincrease.Toprevent these
problems, a discard route must be added to the routing table or shield or filter routes.

Configuration Steps



Configuring Inter-Area Route Summarization



(Optional) This configuration is required when routes of the OSPF area need to be summarized.



Unlessotherwiserequired,thisconfigurationshouldbeperformedonanABRintheareawhereroutestobe summarizedare
located.



Configuring External Route Summarization



(Optional) This configuration is required when routes external to the OSPF domain need to be summarized.
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Unlessotherwiserequired,thisconfigurationshouldbeperformedonanASBRtowhichroutestobesummarizedare
introduced.

Verification
Run the show ip route ospf command to verify that individual routes do not exist and only the summarized route exists.
Related Commands



Configuring Inter-Area Route Summarization

Command

area area-idrange ip-address net-mask [ advertise | not-advertise ] [ cost cost ]

Parameter

area-id:SpecifiestheIDoftheOSPFareatowhichthesummarizedrouteshouldbeinjected.TheareaIDcanbea

Description

decimal integer or an IP address.
ip-address net-mask: Defines the network segment of the summarized route.
advertise | not-advertise: Specifies whether the summarized route should be advertised.
cost cost: Indicates the metric of the summarized route. The value ranges from 0 to 16777215.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Thiscommand canbe executedonly on the ABR. It isused tocombine or summarize multiple routes of an areainto
one route, and advertise the route to other areas. Combination of the routing information occurs only on the
boundaryof anarea.Routersinsidethearea canlearnspecificroutinginformation, whereasroutersinother areas
canlearn only one summarized route. In addition, you can set advertise or not-advertise todetermine whether to
advertisethesummarized routetoshieldand filterroutes.By default,thesummarized routeisadvertised.Youcan
use the cost parameter to set the metric of the summarized route.
You can configure route summarization commands for multiple areas. This simplifies routes in the entire OSPF
routing domain, and improve the network forwarding performance, especially for a large-sized network.
When multiple route summarization commands are configured and have the inclusive relationship with each other,
the area range to be summarized is determined based on the maximum match principle.



Configuring External Route Summarization

Command

summary-address ip-address net-mask [ not-advertise | tag value ]

Parameter

ip-address: Indicates the IP address of the summarized route.

Description

net-mask: Indicates the subnet mask of the summarized route.
not-advertise:Indicatesthatthesummarizedrouteisnot advertised.Ifthisparameterisnot specified,the
summarized route is advertised.
tagvalue: Indicates the tag of the summarized route. The value ranges from 0 to 4,294,967,295.

Command

OSPF routing process configuration mode

Mode
Usage Guide

WhenroutesareredistributedfromotherroutingprocessesandinjectedtotheOSPFroutingprocess,eachrouteis
advertised to the OSPF routers using an external LSA. If the injected routes are a continuous address space, the ABR
can advertised only one summarized route to significantly reduce the size of the routing table.
area range summarizesthe routes between OSPF routes, whereas summary-address summarizes external routes of
the OSPF routing domain.
When configured on the NSSA ABR translator, summary-address summarizes redistributed routes and routes
obtained based on the LSAs that are converted from Type 7 to Type 5. When configured on the ASBR (not an NSSA
ABR translator), summary-address summarizes only redistributed routes.
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Configuring a Discard Route

Command

discard-route { internal | external }

Parameter

internal: Indicates that the discard route generated by the area range command can be added.

Description
Command

external: Indicates that the discard route generated by the summary-address command can be added.
OSPF routing process configuration mode

Mode
Usage Guide

Theaddress range of summarizedroutes may exceed theactual network range inthe routingtable. If data issent to a
network beyond the summarization range, a routing loop may be formed and the router processing load may
increase.Toprevent these problems, a discard route must be added to the routing table on theABR or ASBR. This
route is automatically generated, and is not advertised.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-14

Remarks

The interface IP addresses are as follows:
A: GE0/1 192.168.1.1
B: GE0/1 192.168.1.2 GE0/2 172.16.2.1 GE0/3 172.16.3.1
C: GE0/2 172.16.2.2 GE0/1 172.16.4.2
D: GE0/2 172.16.3.2 GE0/1 172.16.5.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Summarize routes of area 2 on Router B.

B

B# configure terminal
B(config)#router ospf 1
B(config-router)#area 2 range 172.16.0.0 255.255.0.0

Verification

On Router A, verify that the entry 172.16.0.0/16 is added to the routing table.

A

A#show ip route ospf
O IA 172.16.0.0/16 [110/2] via 192.168.1.2, 00:01:04, GigabitEthernet 0/1

Common Errors
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Inter-area route summarization cannot be implemented because the area range command is configured on a non-ABR device.

4.4.6 Configuring Route Filtering

Configuration Effect



Routes that do not meet filtering conditions cannot be loaded to the routing table, or advertised to neighbors. Network users
cannot access specified destination network.

Notes



The OSPF basic functions must be configured.



Filtering routes by using the distribute-list in command affects forwarding of local routes, but does not affect route
computationbasedonLSAs.Therefore,ifroutefilteringisconfiguredontheABR,Type3LSAswillstillbegeneratedand
advertised to other areas because routes can still be computed based on LSAs. As a result, black-hole routes are generated. In
this case, you can run the area filter-list or area range (containing the not-advertise parameter) command on the ABR to
prevent generation of black-hole routes.

Configuration Steps



Configuring Inter-Area Route Filtering



(Optional) This configuration is recommended if users should be restricted from accessing the network in a certain OSPF area.



Unless otherwise required, this configuration should be performed on an ABR in the area where filtered routes are located.



Configuring Redistributed Route Filtering



(Optional) This configuration is required if external routes introduced by the ASBR need to be filtered.



Unless otherwise required, this configuration should be performed on an ASBR to which filtered routes are introduced.



Configuring Learned Route Filtering



(Optional) This configuration is required if users should be restricted from accessing a specified destination network.



Unless otherwise required, this configuration should be performed on a router that requires route filtering.

Verification



Run the show ip route command to verify that the router is not loaded with routes that have been filtered out.



Run the ping command to verify that the specified destination network cannot be accessed.

Related Commands



Configuring a Passive Interface

Command

passive-interface{ default | interface-type interface-number | interface-type interface-numberip-address}

Parameter

interface-type interface-number: Indicates the interface that should be configured as a passive interface.

Description

default: Indicates that all interface will be configured as passive interfaces.
interface-type interface-numberip-address: Specifies an address of the interface as the passive address.

Command

OSPF routing process configuration mode

Mode
Usage Guide
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specified network interfaceof the local router as the passive interface, or a specified IP address of a network interface as
the passive address.



Configuring the LSA Update Packet Filtering

Command

ip ospf database-filter all out

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Enable this function on an interface to prevent sending the LSA update packet on this interface. After this function is
enabled, the local router does not advertisethe LSA update packet toneighbors, but still sets up the adjacency with
neighbors and receives LSAs from neighbors.



Configuring Inter-Area Route Filtering

Command

areaarea-idfilter-list {accessacl-name| prefix prefix-name} {in | out}

Parameter

area-id: Indicates the area ID.

Description

access acl-name: Indicates the associated ACL.
prefix prefix-name: Indicates the associated prefix list.
in | out: Filters routes that are received by or sent from the area.

Command

OSPF routing process configuration mode

Mode
Usage Guide

This command can be configured only on an ABR.
Use this command when it is required to configure filtering conditions for inter-area routes on the ABR.



Configuring Redistributed Route Filtering

Command

distribute-list { [ access-list-number | name ] | prefix prefix-list-name } out [bgp | connected |isis[area-tag] | ospf
process-id | rip | arp-host | static]

Parameter
Description

access-list-number | name: Uses the ACL for filtering.
prefix prefix-list-name: Uses the prefixlist for filtering.
bgp | connected | isis [ area-tag ] | ospf process-id| rip| arp-host | static: Indicates the source of routes to be filtered.

Command

OSPF routing process configuration mode

Mode
Usage Guide

distribute-list out is similar toredistribute route-map, and is used to filter routes that are redistributed from other
protocolstoOSPF.The distribute-list out command itself doesnot redistributeroutes, and is generallyused together
withthe redistributecommand.TheACLand theprefixlistfilteringrulesaremutuallyexclusiveintheconfiguration.That
is, if the ACL is used for filtering routes coming from a certain source, the prefixlist cannot be configured to filter the same
routes.



Configuring Learned Route Filtering

Command

distribute-list {[access-list-number | name] | prefixprefix-list-name [gateway prefix-list-name] | route-map
route-map-name } in [interface-typeinterface-number]

Parameter

access-list-number | name: Uses the ACL for filtering.

Description

gatewayprefix-list-name: Uses the gateway for filtering.
prefixprefix-list-name: Uses the prefixlist for filtering.
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route-map route-map-name: Uses the route map for filtering.
interface-type interface-number: Specifies the interface for which LSA routes are filtered.
Command

OSPF routing process configuration mode

Mode
Usage Guide

Filterroutesthat arecomputed basedonreceivedLSAs.Onlyroutes meetingthefilteringconditions canbe forwarded.
The command does not affect the LSDB or the routing tables of neighbors. The ACL, prefixlist, and route map filtering
rulesare mutuallyexclusiveintheconfiguration. That is,if theACLisused forfilteringroutes of a specifiedinterface,the
prefix list or router map cannot be configured for filtering routes of the same interface.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-15

Remarks

The interface IP addresses are as follows:
A: GE0/1192.168.1.1
B: GE0/1 192.168.1.2 GE0/2 172.16.2.1 GE0/3 172.16.3.1
C: GE0/2 172.16.2.2 GE0/3 172.16.4.2
D: GE0/2 172.16.3.2 GE0/3 172.16.5.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, configure route filtering.

A

A# configure terminal
A(config)#access-list 3 permit host 172.16.5.0
A(config)#router ospf 1
A(config-router)#distribute-list 3 in GigabitEthernet 0/1

Verification



A

A# show ip route ospf

On Router A, check the routing table. Verify that only the entry 172.16.5.0/24 is loaded.

O 172.16.5.0/24 [110/2] via 192.168.1.2, 10:39:40, GigabitEthernet 0/1
Common Errors
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Filtering routes by using the distribute-list in command affects forwarding of local routes, but does not affect route
computationbasedonLSAs.Therefore,ifroutefilteringisconfiguredontheABR,Type3LSAswillstillbegeneratedand
advertised to other areas because routes can still be computed based on LSAs. As a result, black-hole routes are generated.

4.4.7 Modifying Route Cost and AD

Configuration Effect



Change the OSPF routes to enable the traffic pass through specified nodes or avoid passing through specified nodes.



Change the sequence that a router selects routes so as to change the priorities of OSPF routes.

Notes



The OSPF basic functions must be configured.



If you run the ip ospf cost command to configure the cost of an interface, the configured cost will automatically overwrite the
cost that is computed based on the auto cost.

Configuration Steps



Configuring the Reference Bandwidth



Optional.



A router is connected with lines with different bandwidths.This configuration is recommended if you wish to preferentially
select the line with a larger bandwidth.



Configuring the Cost of an Interface



Optional.



A router is connected with multiple lines. This configuration is recommended if you wish to manually specify a preferential line.



Configuring the Default Metric for Redistribution



Optional.



Thisconfigurationismandatoryifthecostof external routesof theOSPFdomain shouldbe specifiedwhen external routes are
introduced to an ASBR.



Configuring the Maximum Metric



Optional.



A router may be unstable during the restart process or a period of time after the router is restarted, and users do not want to
forward data through this router. In this case, this configuration is recommended.



Configuring the AD



Optional.



This configuration is mandatory if you wish to change the priorities of OSPF routes on a router that runs multiple unicast routing
protocols.

Verification



Run the show ip ospf interface command to verify that the costs of interfaces are correct.
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Run the show ip route command to verify that the costs of external routes introduced to the ASBR are correct.



Restart the router. Within a specified period of time, data is not forwarded through the restarted router.

Related Commands



Configuring the Reference Bandwidth

Command

auto-costreference-bandwidth ref-bw

Parameter

ref-bw: Indicates the reference bandwidth. The unit is Mbps. The value ranges from 1 to 4,294,967.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

By default, the costof an OSPF interface isequal to the referencevalue of theauto cost divided by the interface
bandwidth.
Runtheauto-costcommand toobtain thereferencevalue ofthe auto cost.The defaultvalue is100 Mbps.
Run the bandwidth command to set the interface bandwidth.
The costs of OSPF interfaces on several typical lines are as follows:
64Kbps serial line: The cost is 1562.
E1 line: The cost is 48.
10M Ethernet: The cost is 10.
100M Ethernet: The cost is 1.
If you run the ip ospf cost command to configure the cost of an interface, the configured cost will automatically
overwrite the cost that is computed based on the auto cost.



Configuring the Cost of an Interface

Command

ip ospf costcost

Parameter

cost: Indicates the cost of an OSPF interface. The value ranges from 0 to 65,535.

Description
Command

Interface configuration mode

Mode
Usage Guide

By default, the costof an OSPF interface isequal to the referencevalue of theauto cost divided by the interface
bandwidth.
Runtheauto-costcommand toobtain thereferencevalue ofthe auto cost.The defaultvalue is100 Mbps.
Run the bandwidth command to set the interface bandwidth.
The costs of OSPF interfaces on several typical lines are as follows:
64Kbps serial line: The cost is 1562.
E1 line: The cost is 48.
10M Ethernet: The cost is 10.
100M Ethernet: The cost is 1.
If you run the ip ospf cost command to configure the cost of an interface, the configured cost will automatically
overwrite the cost that is computed based on the auto cost.



Configuring the Cost of the Default Route in a Stub or an NSSA Area

Command

areaarea-id default-costcost

Parameter

area-id: Indicates the ID of the stub or NSSA area.
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Description

cost: Indicates the cost of the default summarized route injected to the stub or NSSA area. The value ranges from 0 to
16,777,215.

Command

OSPF routing process configuration mode

Mode
Usage Guide

This command takes effect only on an ABR in a stub area or an ABR/ASBR in an NSSA area.
AnABRinastubareaoranABR/ASBRinanNSSAareaisallowedtoadvertiseanLSAindicatingthedefaultrouteinthe
stub or NSSA area. You can run the area default-cost command to modify the cost of the advertised LSA.



Configuring the Default Metric for Redistribution

Command

default-metric metric

Parameter

metric: Indicates the default metric of the OSPF redistributed route. The value ranges from 1 to 16,777,214.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

The default-metriccommand must be used together with the redistributecommand to modify the initial metrics of all
redistributed routes.
The default-metriccommand does not take effect on external routes that are injected to the OSPF routing domain by the
default-information originate command.



Configuring the Maximum Metric

Command

max-metric router-lsa [external-lsa [max-metric-value]] [include-stub] [on-startup[ seconds] ] [summary-lsa
[max-metric-value]]

Parameter

router-lsa: Sets the metrics of non-stub links in the Router LSA to the maximum value (0xFFFF).

Description

external-lsa:AllowsaroutertoreplacethemetricsofexternalLSAs(includingType5andType7LSAs)withthe
maximum metric.
max-metric-value: Indicates the maximum metric of the LSA. The default value is 16711680. The value ranges from 1 to
16,777,215.
include-stub: Sets the metrics of stub links in the Router LSA advertised by the router to the maximum value.
on-startup: Allows a router to advertises the maximum metric when started.
seconds: Indicates the interval at which the maximum metric is advertised. The default value is 600s. The value ranges
from 5 to 86,400.
summary-lsa: Allows a router to replace the metrics of summary LSAs (including Type 3 and Type 4 LSAs) with the
maximum metric.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Afterthemax-metricrouter-lsacommandisexecuted,themetricsofthenon-stublinksintheRouterLSAsgeneratedby
the router will be set to the maximum value (0xFFFF). If you cancel this configuration or the timer expires, the normal
metrics of the links are restored.
Bydefault,ifthemax-metricrouter-lsacommand isexecuted, thestublinksstilladvertisecommonmetrics,thatis,the
costs of outbound interfaces. If the include-stub parameter is configured, the stub links will advertise the maximum
metric.
Ifan ABRdoesnot wishtotransferinter-areatraffic,usethesummary-lsaparametertosetthemetricoftheSummary
LSA to the maximum metric.
If an ASBR does not wish to transfer external traffic, use the external-lsa parameter to set the metric of the external LSA
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to the maximum metric.
The max-metric router-lsa command is generally used in the following scenarios:
Restart a device. After the device is restarted, IGP generally converges faster, and other devices attempt to forward traffic
through the restarted device. If the current device is still building the BGP routing table and some BGP routes are not
learned yet, packets sent these networkswill be discarded. In thiscase, you can use theon-startup parameter to set a
delay after which the restarted device acts as the transmission mode.



Add a device to the network but the device is not used to transfer traffic. The device is added to the network. If a
candidate path exists, the current device is not used to transfer traffic. If a candidate path does not exist, the current
device is still used to transfer traffic.



Deletea devicegracefully from thenetwork. After themax-metric router-lsa command isexecuted, the current
deviceadvertises the maximum metric among all metrics of routes. In this way, other devices on the network can
select the standby path for data transmission before the device is shut down.

In the earlier OSPF version (RFC1247 or earlier), the links with the maximum metric (0xFFFF) in the LSAs do not participate
in the SPF computation, that is, no traffic is sent to routers that generate these LSAs.



Configuring RFC1583Compatibility

Command

compatible rfc1583

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

When there are multiple paths to an ASBR or the forwarding address of an external route, RFC1583 and RFC2328 define
different routing rules. If RFC1583 compatibilityis configured, a path in the backbone area or an inter-area path is
preferentially selected. If RFC1583 compatibilityis not configured, a path in a non-backbone area is preferentially
selected.



Configuring the AD

Command

distance{ distance[ route-map map-name ] |ospf{ intra-areadistance[route-map map-name ] |inter-areadistance
[ route-map map-name ] |external distance [ route-map map-name ] } }

Parameter

distance: Indicates the AD of a route. The value ranges from 1 to 255.

Description

intra-area distance: Indicates the AD of an intra-area route. The value ranges from 1 to 255.
inter-area distance: Indicates the AD of an inter-area route. The value ranges from 1 to 255.
external distance: Indicates the AD of an external route.The value ranges from1 to255.
route-map map-name: Indicates the AD of a specified route by policy.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Use this command to specify different ADs for different types of OSPF routes.
Configure theroute-map parameter to setthe AD fora specified routeby policy. If route-map has configured set
distance,
through matched route: AD is set by set distance
through unmatched route: AD is set by the distance command

Configuration Example

www.fs.com

881

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring the Cost of an Interface

Scenario
Figure 4-16

Remarks

The interface IP addresses are as follows:
A:GE0/1192.168.1.1

GE0/2 192.168.2.1

B: GE0/1 192.168.1.2

GE0/2 192.168.3.2

C: GE0/1 192.168.4.2

GE0/2 192.168.2.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, configure the cost of each interface.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip ospf cost 10
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)# ip ospf cost 20

Verification

On Router A, check the routing table. The next hop of the optimum path to 172.16.1.0/24 is Router B.

A

A# show ip route ospf
O E2172.16.1.0/0 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1

Common Errors



If the cost of an interface is set to 0 in the ip ospf cost command, a route computation error may occur.For example, a routing
loop is obtained.

4.4.8 Enabling Authentication

Configuration Effect



All routers connected to the OSPF network must be authenticated to ensure stability of OSPF and protect OSPF against
intrusions.

Notes
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The OSPF basic functions must be configured.



If authentication is configured for an area, the configuration takes effect on all interfaces that belong to this area.



If authentication is configured for both an interface and the area to which the interface belongs, the configuration for the
interface takes effect preferentially.

Configuration Steps



Configuring the Authentication Type of an Area



(Optional) This configuration is recommended if the same authentication type should be used on all interfaces in the same area.



This configuration is required if a router accesses a network that requires authentication.



Configuring the Authentication Type of an Interface



(Optional)This configuration is recommended if the different authentication types should be used on different interfaces inthe
same area.



This configuration is required if a router accesses a network that requires authentication.



Configuring a Plain Text Authentication Key for an Interface



Optional.



This configuration is required if a router accesses a network that requires plain text authentication.



Configuring an MD5 Authentication Key for an Interface



(Optional)MD5authenticationfeaturesahighsecurity,andthereforeisrecommended.Youmustconfigureeitherplaintext
authentication or MD5authentication.



This configuration is required if a router accesses a network that requires MD5 authentication.

Verification



If routers are configured with different authentication keys, run the show ip ospf neighbor command to verify that there is no
OSPF neighbor.



If routers are configured withthe same authentication key, run the show ip ospf neighbor command to verify that there are
OSPF neighbors.

Related Commands



Configuring the Authentication Type of an Area

Command

area area-idauthentication [message-digest]

Parameter

area-id: Indicatesthe ID of the area where OSPF authentication is enabled. The area ID can be a decimal integer or an IP

Description

address.
message-digest: Enables MD5 authentication.

Command

OSPF routing process configuration mode

Mode
Usage Guide

The FSOS supports three authentication types:
(1)Type0:Noauthenticationisrequired. Ifthiscommandisnot configuredtoenableOSPFauthentication,the
authentication type in the OSPF data packet is 0.
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(2) Type 1: The authentication type is plain text authentication if this command is configured but does not contain the
message-digest parameter.
(3) Type 3: The authentication type is MD5 authentication if this command is configured and contains the
message-digest parameter.
Allroutersin thesameOSPFarea mustusethesameauthenticationtype.If authenticationisenabled, theauthentication
keymust be configured on interfaces that are connected to neighbors.Youcan run the interface configuration command
ipospf authentication-keytoconfigure theplain text authentication key,or ipospf message-digest-key to configure
the MD5 authentication key.



Configuring the Authentication Type of an Interface

Command

ip ospfauthentication [ message-digest | null ]

Parameter

message-digest: Indicates that MD5 authentication is enabled on the current interface.

Description

null: Indicates that authentication is disabled.

Command

Interface configuration mode

Mode
Usage Guide

If the ip ospfauthentication command does not contain any option, it indicates that plain text authentication is enabled.
If you use the no form of the command to restore the default authentication mode, whether authentication is enabled is
determined by the authentication type that is configured in the area to which the interface belongs. If the authentication
type is set to null, authentication isdisabled forcibly.When authentication is configured for both an interface and the area
to which the interface belongs, the authentication type configured for the interface is used preferentially.



Configuring a Plain Text Authentication Key for an Interface

Command

ip ospf authentication-key[0 |7 ]key

Parameter

0: Indicates that the key is displayed in plain text.

Description

7: Indicates that the key is displayed in cipher text.
key: Indicates the key. The key is a string of up to eight characters.

Command

Interface configuration mode

Mode
Usage Guide

Thekeyconfiguredbytheipospfauthentication-keycommandwillbe insertedtotheheadersofallOSPFpackets.If
the keys are inconsistent, two directly connected devices cannot set up the OSPF adjacency and therefore cannot
exchange the routing information.
Differentkeys canbe configured fordifferent interface,but all routers connectedtothe samephysical network segment
must be configured with the same key.
You can enable or disable authentication in an OSPF area by running the areaauthentication command in OSPF routing
process configuration mode.
You can also enable authentication on an individual interface by running the ip ospf authentication command in
interface configuration mode. When authentication is configured for both an interface and the area to which the
interface belongs, the authentication type configured for the interface is used preferentially.



Configuring an MD5 Authentication Key for an Interface

Command

ip ospf message-digest-key key-id md5[0 |7 ]key

Parameter

key-id: Indicates the key ID. The value ranges from 1 to 255.

Description

0: Indicates that the key is displayed in plain text.
7: Indicates that the key is displayed in cipher text.

www.fs.com

884

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

key: Indicates the key. The key is a string of up to 16 characters.
Command

Interface configuration mode

Mode
Usage Guide

The key configured by the ip ospf message-digest-key command will be inserted to the headers of all OSPF packets. If
the keys are inconsistent, two directly connected devices cannot set up the OSPF adjacency and therefore cannot
exchange the routing information.
Differentkeys canbe configured fordifferent interface,but all routers connectedtothe samephysical network segment
must be configured with the same key. The same key ID on neighbor routers must correspond to the same key.
YoucanenableordisableauthenticationinanOSPFareabyrunningtheareaauthenticationcommandinOSPFrouting
process configuration mode. You can also enable authentication on an individual interface by running the ip ospf
authenticationcommand in interfaceconfiguration mode.When authenticationis configured for both an interfaceand
the area to which the interface belongs, the authentication type configured for the interface is used preferentially.
TheFSOSsoftwaresupports smoothmodificationoftheMD5authenticationkey.AnewMD5authenticationkeymustbe
first added before the old key can be deleted. When an OSPF MD5 authentication key is added to a router, the router
determinesthat other routersdo not usethe newkeyyet and therefore usesdifferentkeys tosendmultipleOSPFpackets
until it confirms that the new key has been configured on neighbors. After configuring the new key all routers, you can
delete the old key.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-17

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure the authentication type and MD5 authentication key on all routers.

A

A# configure terminal
A(config)#router ospf 1
A(config-router)#area 0 authentication message-digest
A(config-router)#exit
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip ospf message-digest-key 1 md5 hello
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B

B# configure terminal
B(config)#router ospf 1
B(config-router)#area 0 authentication message-digest
B(config-router)#exit
B(config)#interface GigabitEthernet 0/3
B(config-if-GigabitEthernet 0/3)#ip ospf message-digest-key 1 md5 hello

Verification

On Router A and Router B, verify that the OSPF neighbor status is correct.

A

A#show ip ospf neighbor
OSPF process 1,1 Neighbors,1is Full:
Neighbor ID
192.168.1.2

B

Pri
1

State
Full/DR

Dead Time
00:00:32

Address

Interface

192.168.1.2

GigabitEthernet 0/1

Address

Interface

192.168.1.1

GigabitEthernet 0/1

A#show ip ospf neighbor
OSPF process 1,1 Neighbors,1is Full:
Neighbor ID
192.168.1.1

Pri
1

State
Full/DR

Dead Time
00:00:32

Common Errors



The authentication modes configured on routers are inconsistent.



The authentication keys configured on routers are inconsistent.

4.4.9 Enabling Overflow

Configuration Effect



New routes are not loaded to routers when the router memory is insufficient.



New routes are not loaded to routers when the usage of the database space reaches the upper limit.

Notes



The OSPF basic functions must be configured.



Aftera router enters theoverflowstate,you canrunthe clearipospf processcommand, orstopand then restart theOSPFto
exit the overflowstate.

Configuration Steps



Configuring the Memory Overflow Function



Optional.



Thisconfiguration isrecommendedif alargenumber of routes exist inthedomainand maycauseinsufficiency ofthe router
memory.
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Configuring the Database Overflow Function



Optional.



Thisconfiguration isrecommendedif alargenumber of routes exist inthedomainand maycauseinsufficiency ofthe router
memory.



Configuring the External LSA Database Overflow Function



Optional.



ThisconfigurationisrecommendediftheASBRintroducesalargenumberofexternal routesandtheroutermemorymaybe
insufficient.

Verification



After the memory becomes insufficient, add new routers to the network, and run the show ip route command to verify that
new routes are not loaded.



After the usage of the database space reaches the upper limit, add new routers to the network, and run the show ip route
command to verify that new routes are not loaded.

Related Commands



Configuring the Memory Overflow Function

Command

overflow memory-lack

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

The OSPF process enters the overflow state to discard newly-learned external routes. This behavior can effectively ensure
that the memory usage does not increase.
After the overflow function is enabled, the OSPF process enters the overflow state and discards newly-learned external
routes, which may cause a routing loop on the entire network. To reduce the occurrence probability of this problem,
OSPF generates a default route to the null interface, and this route always exists in the overflow state.
You can run the clear ip ospf process command to reset the OSPF process so that the OSPF process can exit the overflow
state.Youcan use the no form of the command to prevent the OSPF process from entering the overflow state when the
memory is insufficient.This, however, may lead to over-consumption of the memory resource, after which the OSPF
process will stop and delete all the learned routes.



Configuring the Database Overflow Function

Command

overflow databasenumber [hard | soft]

Parameter

number: Indicates the maximum number of LSAs. The value ranges from 1 to 4,294,967,294.

Description

hard: Indicates that the OSPF process will be stopped if the number of LSAs exceeds the limit.
soft: Indicates that a warning will be generated if the number of LSAs exceeds the limit.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Ifthe number of LSAs exceeds the limit, usethehard parameter if the OSPF processshould be stopped, and use the soft
parameter if a warning should be generated without stopping the OSPF process.
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Configuring the External LSA Database Overflow Function

Command

overflow database external max-dbsize wait-time

Parameter

max-dbsize: Indicates the maximum number of external LSAs. This value must be the same on all routers in the same AS.

Description

The value ranges from 0 to 2,147,483,647.
wait-time: Indicates the waiting time after a router in overflow state attempts to restore the normal state. The value
ranges from 0 to 2,147,483,647.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Whenthenumber of external LSAs ofarouter exceedsthe configuredmax-dbsize, therouter enterstheoverflowstate.
In this state, the router no longer loads external LSAs and deletes external LSAs that are generated locally. After wait-time
elapses,thedevicerestoresthenormalstate,andloadsexternalLSAsagain.Whenusingtheoverflowfunction,ensure
that the same max-dbsize isconfigured on all routers in the OSPF backbone areaand common areas; otherwise, the
following problems may occur:
Inconsistent LSDBs throughout network are inconsistent, and the failure to achieve the full adjacency
Incorrect routes, including routing loops
Frequent retransmission of AS external LSAs

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring the External LSA Database Overflow Function

Scenario
Figure 4-18

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router B, configure redistribution and introduce external static routes.



On Router B, configure the maximum number of external LSAs.

B

B# configure terminal
B(config)# router ospf 1
B(config-router)# redistribute static subnets

A

A# configure terminal
A(config)# router ospf 1
A(config-router)# overflow database external 10 3
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Verification

OnRouterB,configure11staticroutes(192.100.1.0/24to192.100.11.0/24).OnRouterA,verifythatonly10staticroutes
are loaded.

A

A# show ip route ospf
O E2 192.100.1.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.2.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.3.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.4.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.5.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.6.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.7.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.8.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1
O E2 192.100.9.0/24 [110/20]via 192.168.1.2,00:18:03, GigabitEthernet0/1
O E2 192.100.10.0/24 [110/20] via 192.168.1.2, 00:18:03, GigabitEthernet 0/1

Common Errors



The OSPF adjacency is abnormal because the maximum number of LSAs is inconsistent on different routers.

4.4.10 Modifying the Maximum Number of Concurrent Neighbors

Configuration Effect



Control the maximum number of concurrent neighbors on the OSPF process to ease the pressure on the device.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Configuring the Maximum Number of Concurrent Neighbors on the OSPF Process



(Optional)ThisconfigurationisrecommendedifyouwishtosetuptheOSPFadjacencymorequicklywhenarouter isconnected
with a lot of other routers.



This configuration is performed on a core router.

Verification



Run theshow ipospf neighbor command todisplaythe number of neighbors that areconcurrentlyinteractingwiththe OSPF
process.

Related Commands



Configuring the Maximum Number of Concurrent Neighbors on the Current Process

Command
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Parameter

number:SpecifiesthemaximumnumberofneighborsthatareconcurrentlyinteractingwiththeOSPFprocess.The value

Description

ranges from 1 to 65,535.

Command

OSPF routing process configuration mode

Mode
Usage Guide

When the performance of a router is affected because the router exchanges data with multiple neighbors, you can
configurethiscommand torestrict themaximum of neighborswithwhichone OSPFprocesscanconcurrentlyinitiatesor
accepts interaction.



Configuring the Maximum Number of Concurrent Neighbors on All Processes

Command

router ospf max-concurrent-ddnumber

Parameter

number:SpecifiesthemaximumnumberofneighborsthatareconcurrentlyinteractingwiththeOSPFprocess.The value

Description

ranges from 1 to 65,535.

Command

Global configuration mode

Mode
Usage Guide

When the performance of a router is affected because the router exchanges data with multiple neighbors, you can
configurethiscommand torestrict themaximumof neighborswithwhichallOSPFprocessescanconcurrentlyinitiateor
accept interaction.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring the Maximum Number of Concurrent Neighbors on the OSPF Process

Scenario
Figure 4-19

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On the router Core, set the maximum number of concurrent neighbors to 4.

Core

Core# configure terminal
Core(config)# router ospf max-concurrent-dd 4
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Verification

On therouter Core, check the neighbor status and verify that at most eight neighbors concurrently interact with the OSPF
process.

4.4.11 DisablingSource Address Verification

Configuration Effect



The unicastroutingservicecan be providedeven if theinterface IPaddresses of neighbor routers arenot in thesamenetwork
segment.

Notes



The OSPF basic functions must be configured.



Source address verification cannot be disabled on a broadcast or NBMA network.

Configuration Steps



Disabling Source Address Verification



(Optional)Thisconfigurationismandatoryifanadjacencyshouldbesetup betweenrouterswithinterfaceIPaddressesin
different network segments.



This configuration is performed on routers with interface IP addresses in different network segments.

Verification



An adjacency can be set up between routers in different network segments.

Related Commands



Disabling Source Address Verification

Command

ip ospf source-check-ignore

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Generally, the source address of a packet received by OSPF is in the same network segment as the receiving interface. The
addressesat both endsof a P2P linkareconfigured separatelyand are not necessarilyinthe samenetwork segment. In
this scenario, as the peer address information will be notified during the P2P link negotiation process, OSPF checks
whether the source address of the packet is the address advertised by the peer during negotiation. If not, OSPF
determines that the packet is invalid and discards this packet. In particular, OSPF does not verify the address of an
unnumberedinterface.In some scenarios,thesourceaddressmaynot meet theprecedingrequirement, and therefore
OSPF address verification fails. For example, the negotiated peer address cannot be obtained on a P2P link. In this
scenario, source address verification must be disabled to ensure that the OSPF adjacency can be properly set up.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Disabling Source Address Verification
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Scenario
Figure 4-20

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Set the network types of interfaces on all routers to P2P.



Disable source address verification on all routers.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ipospf networkpoint-to-point
A(config-if-GigabitEthernet0/1)#ipospfsource-check-ignore

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)#ipospfnetworkpoint-to-point
B(config-if-GigabitEthernet0/1)#ipospfsource-check-ignore

Verification

On Router A, verify that the OSPF neighbor information is correct.

A

A# show ip ospfneighbor
OSPF process 1, 1 Neighbors, 1 is Full:
Neighbor ID

Pri

State

192.100.2.2

1

Full/-

Dead Time
00:00:34

Address
192.100.2.2

Interface
GigabitEthernet0/1

4.4.12 Disabling MTU Verification

Configuration Effect



The unicast routing service can be provided even if the MTUs of interfaces on neighbor routers are different.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Disabling MTUVerification



(Optional) MTU verification is disabled by default. You are advised to retain the default configuration.



This configuration is performed on two routers with different interface MTUs.

Verification
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The adjacency can be set up between routers with different MTUs.
Related Commands



Disabling MTUVerification

Command

ip ospf mtu-ignore

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Onreceivingthedatabasedescriptionpacket,OSPFcheckswhethertheMTUoftheinterfaceontheneighboristhesame
asthe MTUof itsown interface.If the interface MTU specifiedin thereceived databasedescription packetis greater than
theMTUofthelocalinterface,theadjacencycannotbesetup.Toresolvethisproblem,youcandisableMTUverification.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-21

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure different MTUs for interfaces on two routers.



Disable MTU verification on all routers. (By default, the function of disabling MTU verification is enabled.)

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip mtu 1400
A(config-if-GigabitEthernet 0/1)# ip ospf mtu-ignore

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip mtu 1600
B(config-if-GigabitEthernet 0/1)# ip ospf mtu-ignore

Verification



A

A# show ip ospfneighbor

On Router A, verify that the OSPF neighbor information is correct.

OSPF process 1, 1 Neighbors, 1 is Full:
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Pri

192.168.1.2

1

State

Dead Time

Full/DR

00:00:34

Address
192.168.1.2

Interface
GigabitEthernet0/1
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4.4.13 Enabling Two-Way Maintenance

Configuration Effect



Non-Hello packets can also be used to maintain the adjacency.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Enabling Two-WayMaintenance



(Optional) This function is enabled by default. You are advised to retain the default configuration.



This configuration is performed on all routers.

Verification
Non-Hello packets can also be used to maintain the adjacency.
Related Commands



Enabling Two-WayMaintenance

Command

two-way-maintain

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

On a large network, a lot of packets may be sent or received, occupying too much CPU and memory. As a result,some
packetsaredelayedordiscarded. IftheprocessingtimeofHellopacketsexceedsthedeadinterval, theadjacencywillbe
destroyed due to timeout.If the two-way maintenance function is enabled, in addition to the Hello packets, the DD, LSU,
LSR,andLSAckpacketscanalsobeusedtomaintainthebidirectionalcommunicationbetweenneighborswhenalarge
numberofpacketsexistonthenetwork.Thispreventsterminationoftheadjacencycausedbydelayed ordiscardedHello
packets.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-22

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, enable the two-way maintenance function. (This function is enabled by default.)
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A

A# configure terminal
A(config)#routerospf 1
A(config-router)#two-way-maintain

Verification

When the adjacency is being set up, Router A checks the neighbor dead interval and updates the dead interval without
waiting for Router B to send a Hello packet.

A

A# show ip ospfneighbor
OSPF process 1, 1 Neighbors, 1 is Full:
Neighbor ID
192.168.1.2

Pri
1

State
Full/BDR

Dead Time
00:00:40

Address

192.168.1.2

Interface
GigabitEthernet0/1

4.4.14 Enabling GR

Configuration Effect



When a distributed router switches services from the active board tothe standby board, data forwarding continues and is not
interrupted.



When the OSPF process is being restarted, data forwarding continues and is not interrupted.

Notes



The OSPF basic functions must be configured.



The neighbor router must support the GR helper function.



The grace period cannot be shorter than the neighbor dead time of the neighbor router.

Configuration Steps



Configuring the OSPF GR Function



(Optional) This function is enabled by default. You are advised to retain the default configuration.



This configuration is performed on all routers.



Configuring the OSPF GR Helper Function



(Optional) This function is enabled by default. You are advised to retain the default configuration.



This configuration is performed on all routers.

Verification



When a distributed router switches services from the active board tothe standby board, data forwarding continues and is not
interrupted.



When the OSPF process is being restarted, data forwarding continues and is not interrupted.

Related Commands



Configuring the OSPF GR Function
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Command

graceful-restart [ grace-period grace-period | inconsistent-lsa-checking ]

Parameter

grace-period grace-period: Indicates the grace period, which is the maximum time from occurrence of an OSPF failure to

Description

completion of the OSPF GR. The value of the graceperiod varies from 1s to 1800s. The default value is 120s.
inconsistent-lsa-checking: Enables topological change detection. If any topological change is detected, OSPF exits the
GR process to complete convergence.After GR is enabled, topological change detection is enabled by default.

Command

OSPF routing process configuration mode

Mode
Usage Guide

TheGRfunctionisconfiguredbasedontheOSPFprocess.YoucanconfiguredifferentparametersfordifferentOSPF
processes based on the actual conditions. This command is used to configure the GR restarter capability of a device. The
grace period is the maximum time of the entire GR process, during which link status is rebuilt so that the original state of
theOSPF processisrestored.After thegraceperiod expires,OSPFexitstheGRstateand performscommonOSPF
operations.
Run thegraceful-restart command to set the grace period to 120s. The graceful-restart grace-period command allows
you to modify the grace period explicitly.
Thepreconditionforsuccessfulexecutionof GRand uninterruptedforwardingisthatthe topologyremains stable.Ifthe
topology changes, OSPF quickly converges without waiting for further execution of GR, thus avoiding long-time
forwarding black-hole.
Disablingtopologydetection:IfOSPFcannot convergeintimewhen thetopologychangesduring thehot standby
process, forwarding black-hole may appear in a long time.
Enabling topology detection: Forwarding may be interrupted when topology detection is enabled, but the interruption
time is far shorter than that when topology detection is disabled.
In most cases, it is recommended that topology detection be enabled. In special scenarios, topology detection can be
disabled if the topology changes after the hot standby process, but it can be ensured that the forwarding black-hole will
not appearin a long time. This can minimize the forwarding interruption time during the hot standby process.
If the Fast Hello function is enabled, the GR function cannot be enabled.



Configuring the OSPF GR Helper Function

Command

graceful-restart helper { disable | strict-lsa-checking | internal-lsa-checking}

Parameter

disable: Prohibits a device from acting as a GR helper for another device.

Description

strict-lsa-checking:IndicatesthatchangesinType1toType5andType7LSAswillbecheckedduringtheperiodthat
thedevice actsas a GR helper todetermine whether the network changes. If the network changes, the devicewill stop
acting as the GR helper.
internal-lsa-checking:Indicatesthat changesinType1toType3LSAswillbecheckedduringtheperiodthatthedevice
actsas a GRhelper todetermine whether the network changes. If the network changes, the devicewillstop acting as the
GR helper.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Thiscommand isusedtoconfigure theGRhelper capabilityof arouter.Whena neighbor router implementsGR, itsends
a Grace-LSA to notify all neighbor routers. If the GR helper function is enabled on the local router, the local router
becomes the GR helper on receiving the Grace-LSA, and helps the neighbor to complete GR. The disable option indicates
that GR helper is not provided for any device that implements GR.
AfteradevicebecomestheGRhelper,thenetworkchangesarenot detectedby default.Ifany change takesplaceon the
network, the network topology converges after GR is completed. If you wish that network changes can be quickly
detectedduringtheGRprocess,youcanconfigurestrict-lsa-checkingtocheckType1to5andType7LSAsthatindicate
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thenetworkinformationor internal-lsa-checking to checkType 1to3LSAs thatindicateinternal routes of theAS
domain. When the network scale is large, it is recommended that you disable the LSA checking options
(strict-lsa-checkingandinternal-lsa-checking)becauseregionalnetworkchangesmaytriggerterminationofGRand
consequently reduce the convergence of the entire network.
Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-23

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1
B: GE 0/1 192.168.1.1 GE 0/2 192.168.2.1

GE 0/3 192.168.3.1

C: GE 0/1 192.168.4.2 GE 0/3 192.168.3.2
D:GE 0/1 192.168.5.2 GE 0/2 192.168.2.2
Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, Router C, and Router D, enable the GR helper function. (This function is enabled by default.)



On Router B, enable the GR function.

B

B# configure terminal
B(config)# router ospf1
B(config-router)# graceful-restart

Verification



Trigger a hot standby switchover on Router B, and verify that the routing tables of destination networks 1 and 2
remain unchanged on Router A during the switchover.



Trigger a hot standby switchover on Router B, ping destination network 1 from Router A, and verify that data
forwarding is not interrupted during the switchover.

Common Errors



Trafficforwardingisinterrupted duringtheGRprocessbecausetheconfigured graceperiodisshorterthan theneighbor dead
time of the neighbor router.
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4.4.15 Enabling NSR

Configuration Effect



During the active/standby switchover of a distributed router, data forwarding continues and is not interrupted.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Enabling the OSPF NSR Function



(Optional) This function is disabled by default and enabled only when the function needs to be used.

Verification



During the active/standby switchover of a distributed router, data forwarding continues and is not interrupted.

Related Commands



Enabling NSR

Command

nsr

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

This command is used to enable the NSR function. Enable either NSR or GR for the same OSPF process. That is, when GR is
enabled, NSR is automatically disabled. When NSR is enabled, GR is automatically disabled, but the GR helper capability is
not affected.
The switchover of a distributed router takes some time. If the OSPF neighbor dead time is shorter than the switchover
time, the OSPF adjacency will be destroyed, causing service interruption during the switchover. Therefore, when enabling
the NSR function, you are advised to configure an OSPF neighbor dead time that is equal to or greater than the default
value. When the Fast Hello function is enabled, the OSPF neighbor dead time is shorter than 1s, and therefore it is
recommended that the NSR function be disabled.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
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Scenario
Figure 4-24

Remarks

The interface IP addresses are as follows:
A: GE 0/1 192.168.1.1
B: GE 0/1 192.168.1.2 GE 0/2 192.168.2.1

GE 0/3 192.168.3.1

C: GE 0/1 192.168.4.2 GE 0/3 192.168.3.2
D:GE 0/1 192.168.5.2 GE 0/2 192.168.2.2
Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router B, enable the NSR function.

B

B# configure terminal
B(config)# router ospf1
B(config-router)# nsr

Verification



Trigger a hot standby switchover on Router B, and verify that the routing tables of destination networks 1 and 2
remain unchanged on Router A during the switchover.



Trigger a hot standby switchover on Router B, ping destination network 1 from Router A, and verify that data
forwarding is not interrupted during the switchover.

Common Errors



TheconfiguredOSPFneighbordeadintervalistooshort.IftheFastHellofunctionisenabled,theOSPFadjacencywillbe
destroyed during the switchover, causing interruption of data forwarding.

4.4.16 Correlating OSPF with BFD

Configuration Effect



Oncea linkis faulty, OSPF can quickly detect the failureof the route.This configuration helps shortenthe traffic interruption
time.

Notes



The OSPF basic functions must be configured.



The BFD parameters must be configured for the interface in advance.
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If BFD is configured for both a process and an interface, the configuration for the interface takes effect preferentially.

Configuration Steps



Correlating OSPF with BFD



(Optional) This configuration is required if you wish to accelerate OSPF network convergence.



The configuration must be performed on routers at both ends of the link.

Verification



Run the show bfd neighbor command to verify that the BFD neighbors are normal.

Related Commands



Correlating an OSPF Interface with BFD

Command

ip ospf bfd [ disable ]

Parameter

disable: Disables BFD for link detection on a specified OSPF-enabled interface.

Description
Command

Interface configuration mode

Mode
Usage Guide

The interface-based configuration takes precedence over the bfd all-interfaces command used in process configuration
mode.
Based on the actual environment, you can run the ip ospf bfd command to enable BFD on a specified interface for link
detection,orrunthebfdall-interfacescommandinOSPFprocessconfigurationmodetoenableBFDon allinterfaceof
the OSPF process, or run the ospf bfd disable command to disable BFD on a specified interface.



Correlatingan OSPF Process with BFD

Command

bfd all-interfaces

Parameter

N/A

Description
Command

OSPF process configuration mode

Mode
Usage Guide

OSPF dynamically discovers neighbors through the Hello packets. After OSPF enables the BFD function, a BFD session will
be set up to achieve the full adjacency, and use the BFD mechanism to detect the neighbor status. Once a neighbor
failure is detected through BFD, OSPF performs network convergence immediately.
Youcan also run the ip ospf bfd [disable] command in interface configuration mode to enable or disable the BFD
functiononaspecifiedinterface,andthisconfigurationtakesprecedenceoverthebfdall-interfacescommandusedin
OSPF process configuration mode.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
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Scenario
Figure 4-25

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure the BFD parameters for interfaces of all routers.



Correlate OSPF with BFD on all routers.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)#bfdinterval200min_rx200multiplier5
A(config)# router ospf 1
A(config-router)#bfd all-interfaces

B

B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 2/1)#bfd interval 200 min_rx 200 multiplier 5
B(config)# router ospf 1
B(config-router)#bfd all-interfaces

Verification



On Router A and Router B, verify that the BFD state is Up.



DisconnectRouter Afromtheswitch.OnRouter A,verifythataneighborisfounddisconnectedduringBFD,and
the corresponding OSPF route is deleted.

A

A# show ip ospf neighbor
OSPF process 1,1 Neighbors,1is Full:

B

Neighbor ID

Pri

192.168.1.2

1

State

BFD State Dead Time

Address

Full/BDR

Up

192.168.1.2

00:00:40

Interface
GigabitEthernet 0/1

B# show ip ospf neighbor
OSPF process 1,1 Neighbors,1is Full:
Neighbor ID

Pri

192.168.1.1

1

State

BFD State Dead Time

Address

Full/BDR

Up

192.168.1.1

00:00:40

Interface
GigabitEthernet 0/1

4.4.17 Enabling Fast Reroute

Configuration Effect
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Once OSPF detects a route failure, the router can immediately switch to the second-best route. This configuration helps shorten
the traffic interruptiontime.

Notes



The OSPF basic functions must be configured.



The LAF configuration for fast reroute is mutually exclusive with the virtual link configuration.



You must set carrier-delay of an interface to 0.

Configuration Steps



Configuring Fast Reroute



(Optional) This configuration is required if you wish to increase the OSPF network convergence speed to the millisecond level.



This configuration is performed on a router that has multiple paths to a destination network.



Preventing an Interface From Becoming a Standby Interface



(Optional) This configuration is mandatory if you wish that data traffic is not switched over to a specified path after the best path
fails. After the best path fails, the traffic will be switched over another second-best path, but a new best path will be selected
based on the interface costs after OSPF converges again.



This configuration is performed on a device where fast reroute is enabled.

Verification
Run the show ip route fast-reroute command to verify that both the best and second-best paths exist.
Related Commands



Configuring Fast Reroute

Command

fast-reroute{ lfa [downstream-paths] | route-map route-map-name }

Parameter

lfa: Enables computation of the loop-free standby path.

Description

downstream-paths: Enables computation of the downstream path.
route-map route-map-name: Specifies a standby path through the route map.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Ifthe ifa parameter is configured, computation of the loop-free standby path is enabled. In this case, you can use the
interface mode command to specify the path protection mode of the interface.
It is recommended that computation of the loop-free standby path be disabled if any of the following case exists on the
network:
1. Virtual links exist.
2. Alternative ABRs exist.
3. An ASBR is also an ABR.
4. Multiple ABSRs advertise the same external route.
If both lfa and downstream-paths are configured, computation of the downstream path is enabled.
If route-map is configured, a standby path can be specified for a matched route through the route-map.
WhentheOSPF fastreroutefunctionisused, itisrecommendedthat BFDbe enabled at the sametimesothat thedevice
can quickly detect any link failure and therefore shorten the forwarding interruption time. If the interface is up or down,
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to shorten the forwarding interruption time during OSPF fast reroute, you can configure carrier-delay 0 in L3 interface
configuration mode to achieve the fastest switchover speed.



Configuring the Interface LFA Protection

Command

ip ospf fast-reroute protection { node | link-node | disable}

Parameter

node: Enables the LFA node protection.

Description

link-node: Enables the LFA link node protection.
disable: Disables LFA protection.

Command

Interface configuration mode

Mode
Usage Guide

If the fast-reroutelfa command is executed in OSPF route process configuration mode, the OSPF fast reroute
computation function will be generated, and a standby route will be generated for the active route based on the LFA
protectionmodespecifiedininterfaceconfigurationmode. LinkprotectionisenabledbydefaultforeachOSPFinterface.
Under this protection mode, the failure of the active link does not affect data forwarding on the standby route.
Use the node parameter to enable node protection for the interface, that is, data forwarding on the standby route will
not be affected by the failure of a neighbor node corresponding to the active link.
Use the link-node parameter to protect both the link and neighbor node corresponding to the active link.
Usethe disable parameter to disable the LFAprotection function of the interface, that is, not to generate a standby entry
for the route whose next hop is the interface.
This command does not take effect if fast-rerotue route-map is configured.



Preventing an Interface From Becoming a Standby Interface

Command

ip ospf fast-reroute no-eligible-backup

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

If the remaining bandwidth of an interface is small or if the interface and its active interface may fail at the same time, the
interface cannot be used as a standby interface. Therefore, you need to run this command in interface configuration
mode to prevent this interface from becoming a standby interface during OSPF fast reroute computation. After this
command is executed, the standby interface is selected from other interface.
Thiscommanddoesnottakeeffectiffast-rerotueroute-mapisconfigured.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring Fast Reroute
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Scenario
Figure 4-26

Remarks

The interface IP addresses are as follows:
A:GE0/1192.168.1.1

GE0/2 192.168.2.1

B: GE0/1 192.168.1.2

GE0/2192.168.3.1

C: GE0/1 192.168.3.2

GE 0/2 192.168.2.2

GE0/3 192.168.4.1

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure fast reroute on Router A.



Configure carrier-delay 0 for the interface on Router A.

A

A# configure terminal
A(config)# router ospf 1
A(config-router)# fast-reroute lfa
A(config-router)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#carrier-delay 0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#carrier-delay 0

Verification

On Router A, check the routing table and verify that a standby route exists for the entry 192.168.4.0/24.
A# show ip route fast-reroute | begin 192.168.4.0
O 192.168.4.0/24 [ma] via 192.168.1.2, 00:39:28, GigabitEthernet 0/1
[b] via 192.168.2.2, 00:39:28, GigabitEthernet 0/2

4.4.18 EnablingiSPF

Configuration Effect



OSPF adopts the iSPF algorithm to compute the network topology.

Notes



The OSPF basic functions must be configured.

Configuration Steps
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Configuring iSPF



(Optional)Thisconfigurationisrecommendedifyouwishtoacceleraterouteconvergenceinasingleareawithmorethan100
routers.



This configuration is performed on all routers in the area.

Verification
Run the show ip ospf command to verify that iSPF is enabled.
Related Commands



Configuring iSPF

Command

ispf enable

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

After iSPF is enabled, OSPF will use the iSPF algorithm to compute the network topology. That is, after the network
topology changes, OSPF corrects only the nodes affected by the topological change, instead of re-building the entire SPT.
The iSPF function is generally used on a large-sized network to ease the pressure on router processors.

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring iSPF

Scenario
Figure 4-27

Remarks

The interface IP addresses are as follows:
Core1: GE0/1 192.168.1.1
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Core2: GE0/1 192.168.3.1

GE0/2 192.168.4.1

Access1: GE0/1 192.168.1.2

GE 0/2192.168.3.2

Access2: GE0/1 192.168.4.2

GE 0/2192.168.2.2

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure iSPF on all routers.

Core1

Core1# configure terminal
Core1(config)# router ospf 1
Core1(config-router)# ispf enable

Core2

Core2# configure terminal
Core2(config)# router ospf 1
Core2(config-router)# ispf enable

Access1

Access1# configure terminal
Access1(config)# router ospf 1
Access1(config-router)# ispf enable

Access2

Access2# configure terminal
Access2(config)# router ospf 1
Access2(config-router)# ispf enable

Verification

On router Core1, verify that iSPF is enabled.
Core1# show ip ospf
Routing Process "ospf 1" with ID 1.1.1.1
Process uptime is 17 hours 48 minutes
Process bound to VRF default
Memory Overflow is enabled.
Router is not in overflow state now.
Conforms to RFC2328, and RFC1583Compatibility flag is enabled
Supports only single TOS(TOS0) routes
Supports opaque LSA
Enable two-way-maintain
Enable ispf
Initial SPF schedule delay 1000 msecs
MinimumholdtimebetweentwoconsecutiveSPFs5000msecs
Maximum wait time between two consecutive SPFs 10000 msecs
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Initial LSA throttle delay 0 msecs
Minimumhold timefor LSA throttle5000 msecs
Maximumwait timeforLSA throttle5000msecs
LsaTransmitPacingtimer40msecs,1LS-Upd
Minimum LSA arrival 1000 msecs
Pacing lsa-group: 30 secs
Numberofincommingcurrent DDexchangeneighbors0/5
Number of outgoing current DD exchange neighbors 0/5
Number of external LSA 0. Checksum 0x000000
Number of opaque AS LSA 0. Checksum 0x000000
Number of non-default external LSA 0
External LSA database is unlimited.
Number of LSA originated 2
Number of LSA received 93
LogNeighbor AdjencyChanges :Enabled
Graceful-restart disabled
Graceful-restart helper support enabled
Numberof areas attachedto this router: 1: 1 normal 0 stub 0nssa
Area 1
Number of interfaces in this area is 1(1)
Number of fully adjacent neighbors in this area is 0
Number of fully adjacent virtual neighbors through this area is 0
Area has no authentication
SPF algorithm executed 0 times
iSPF algorithm last executed 00:04:14.534 ago
iSPF algorithm executed 12 times
Number of LSA 1. Checksum 0x0029b3

4.4.19 Configuring the Network Management Function

Configuration Effect



Use the network management software to manage OSPF parameters and monitor the OSPF running status.

Notes



The OSPF basic functions must be configured.



You must enable the MIB function of the SNMP-Server before enabling the OSPF MIB function.
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You must enable the Trap function of the SNMP-Server before enabling the OSPF Trap function.



You must enable the logging function of the device before outputting the OSPF logs.

Configuration Steps



Binding the MIB with the OSPF Process



(Optional)This configuration is required if you want touse the network management software tomanage parameters of a
specified OSPF process.



This configuration is performed on all routers.



Enabling the Trap Function



(Optional)This configuration isrequired if you want to use the network management software tomonitor the OSPF running
status.



This configuration is performed on all routers.



Configuring the Logging Function



(Optional)This function is enabled by default.Youare advised to retain the default configuration. If you want to reduce the log
output, disable this function.



This configuration is performed on all routers.

Verification



Use the network management software to manage the OSPF parameters.



Use the network management software to monitor the OSPF running status.

Related Commands



Binding the MIB with the OSPF Process

Command

enable mib-binding

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

The OSPFv2 MIB does not have the OSPFv2 process information. Therefore, you must perform operations on a single
OSPFv2 process through SNMP.By default, the OSPFv2 MIB is bound with the OSPFv2 process with the smallest process
ID, and all user operations take effect on this process.
If you wish to perform operations on a specified OSPFv2 through SNMP, run this command to bind the MIB with the
process.



Enabling the Trap Function

Command

enabletraps[error[IfAuthFailure|IfConfigError|IfRxBadPacket|VirtIfAuthFailure|VirtIfConfigError|
VirtIfRxBadPacket] | lsa [ LsdbApproachOverflow | LsdbOverflow | MaxAgeLsa | OriginateLsa] | retransmit
[ IfTxRetransmit | VirtIfTxRetransmit] | state-change[ IfStateChange | NbrRestartHelperStatusChange |
NbrStateChange | NssaTranslatorStatusChange | RestartStatusChange | VirtIfStateChange |
VirtNbrRestartHelperStatusChange| VirtNbrStateChange] ]

www.fs.com

908

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Parameter

IfAuthFailure: Indicates that an interface authentication failure occurs.

Description

IfConfigError: Indicates that an interface parameter configuration error occurs.
IfRxBadPacket: Indicates that the interface receives a bad packet.
IfRxBadPacket: Indicates that the interface receives a bad packet.
VirtIfAuthFailure: Indicates that a virtual interface authentication failure occurs.
VirtIfConfigError: Indicates that a virtual interface parameter configuration error occurs.
VirtIfRxBadPacket: Indicates that the virtual interface receives a bad packet.
LsdbApproachOverflow: Indicates that the number of external LSAs has reached 90% of the upper limit.
LsdbOverflow: Indicates that the number of external LSAs has reached the upper limit.
MaxAgeLsa: Indicates that the LSA aging timer expires.
OriginateLsa: Indicates that a new LSA is generated.
IfTxRetransmit: Indicates that a packet is retransmitted on the interface.
VirtIfTxRetransmit: Indicates that a packet is retransmitted on the virtual interface.
IfStateChange: Indicates that interface state changes.
NbrRestartHelperStatusChange:Indicates that the state of the neighbor GR process changes.
NbrStateChange: Indicates that the neighbor state changes.
NssaTranslatorStatusChange:Indicates thattheNSSAtranslationstatechanges.
RestartStatusChange:IndicatesthattheGRstateofthelocaldevicechanges.
VirtIfStateChange: Indicates that the virtual interface state changes.
VirtNbrRestartHelperStatusChange: Indicates that the GR state of the virtual neighbor changes.
VirtNbrStateChange: Indicates that the virtual neighbor state changes.

Command

OSPF routing process configuration mode

Mode
Usage Guide

The function configured by this command is restricted by the snmp-server command. You can configure snmp-server
enabletraps ospf and thenenabletrapscommand beforethe corresponding OSPF trapscan be correctlysent out.
This command is not restricted by the MIB bound with the process. The trap function can be enabled concurrently for
different processes.



Configuring the Logging Function

Command

log-adj-changes[ detail]

Parameter

detail: Records all status change information.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

N/A

Configuration Example
The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."
Scenario
Figure 4-28
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Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Bind the MIB with the OSPF process on Router A.



Enable the trap function on Router A.

A

A# configure terminal
A(config)# snmp-server host 192.168.2.2 traps version 2c public
A(config)# snmp-server community public rw
A(config)# snmp-server enable traps
A(config)# router ospf 10
A(config-router)# enable mib-binding
A(config-router)# enable traps

Verification

Use the MIB tool to read and set the OSPF parameters and display the OSPF running status.

Common Errors
Configurations on the SNMP-Server are incorrect. For example, the MIB or trap function is not enabled.
4.4.20 Modifying Protocol Control Parameters

Configuration Effect
Modify protocol control parameters to change the protocol running status.
Notes



The OSPF basic functions must be configured.



The neighbor dead time cannot be shorter than the Hello interval.

Configuration Steps



Configuring the Hello Interval



(Optional) You are advised to retain the default configuration.



This configuration is performed on routers at both end of a link.



Configuring the Dead Interval



(Optional)Youareadvisedtoretainthedefaultconfiguration.ThisconfigurationcanbeadjustedifyouwishtoaccelerateOSPF
convergence when a link fails.



This configuration is performed on routers at both end of a link.



Configuring LSU Retransmission Interval



(Optional)Youare advised to adjust this configuration if a lot of routes exist in the user environment and network congestion is
serious.

www.fs.com

910

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring the LSA Generation Time



(Optional) You are advised to retain the default configuration.



Configuring the LSA Group Refresh Time



(Optional)Youare advised to retain the default configuration. This configuration can be adjusted if a lot of routes exist in the
user environment.



This configuration is performed on an ASBR or ABR.



Configuring LSA Repeated Receiving Delay



(Optional) You are advised to retain the default configuration.



Configuring the SPF Computation Delay



(Optional) This configuration can be adjusted if network flapping frequently occurs.



Configuring the Inter-Area Route Computation Delay



(Optional) You are advised to retain the default configuration.



This configuration is performed on all routers.



Configuring the External Route Computation Delay



(Optional) You are advised to retain the default configuration.



This configuration is performed on all routers.

Verification
Run the show ip ospfandshow ip ospf neighbor commands to display the protocol running parameters and status.
Related Commands



Configuring the Hello Interval

Command

ip ospf hello-intervalseconds

Parameter

seconds: Indicates the interval at which OSPF sends the Hello packet.The unit is second. The value ranges from 1 to

Description

65,535.

Command

Interface configuration mode

Mode
Usage Guide

The Hello interval is contained in the Hello packet. A shorter Hello interval indicates that OSPF can detect topological
changes morequickly,but thenetwork traffic increases.The Hellointerval mustbe the same on all routers in thesame
network segment. If you want to manually modify the neighbor dead interval, ensure that the neighbor dead interval is
longer than the Hello interval.



Configuring the Dead Interval

Command

ip ospf dead-interval seconds

Parameter

seconds: Indicates the time that the neighbor is declared lost. The unit is second. The value ranges from 0 to

Description

2,147,483,647.

Command

Interface configuration mode
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Mode
Usage Guide

TheOSPFdeadintervaliscontainedintheHellopacket.IfOSPFdoesnotreceiveaHellopacketfromaneighborwithin
the dead interval, it declares that the neighbor is invalid and deletes this neighbor record form the neighbor list. By
default, the dead interval is four times the Hello interval. If the Hello interval is modified, the dead interval is modified
automatically.
When using this command to manually modify the dead interval, pay attention to the following issues:
1. The dead interval cannot be shorter than the Hello interval.
2. The dead interval must be the same on all routers in the same network segment.



Configuring theLSU Transmission Delay

Command

ip ospf transmit-delayseconds

Parameter

seconds: Indicates the LSU transmission delay on the OSPF interface. The unit is second.The value ranges from 1 to

Description

65,535.

Command

Interface configuration mode

Mode
Usage Guide

Beforean LSU packet istransmitted, the Age fields inall LSAs in thispacketwill increasebased on the amount specified
by the ip ospf transmit-delay command. Considering the transmit and line propagation delays on the interface, you
needtosettheLSUtransmissiondelaytoagreatervalueforalow-speedlineorinterface.TheLSUtransmissiondelayofa
virtual link is defined by the transmit-delay parameter in the area virtual-link command.
If the value of the Age field of an LSA reaches 3600, the packet will be retransmittedor a retransmission will be requested.
If the LSA is not updated in time, the expired LSA will be deleted from the LSDB.



Configuring LSU Retransmission Interval

Command

ip ospf retransmit-intervalseconds

Parameter

seconds:IndicatestheLSUretransmissioninterval.Theunit issecond.Thevalue rangesfrom0to65,535.Thisinterval

Description

must be longer than the round-trip transmission delay of data packets between two neighbors.

Command

Interface configuration mode

Mode
Usage Guide

Aftera router finishes sending an LSUpacket, this packetisstill kept inthe transmitbuffer queue. If anacknowledgment
from the neighbor is not received within the time defined by the ip ospf retransmit-interval command, the router
retransmits the LSU packet.
The retransmission delay can be set to a greater value on a serial line or virtual link to prevent unnecessary
retransmission. The LSU retransmission delay of a virtual link is defined by the retransmit-interval parameter in the area
virtual-link command.



Configuring the LSA Generation Time

Command

timers throttle lsa all delay-time hold-time max-wait-time

Parameter

delay-time: Indicates the minimum delay for LSA generation. The first LSA in the database is always generated instantly.

Description

The value ranges from 0 to 600,000. The unit is ms.
hold-time: Indicates the minimum interval between the first LSA update and the second LSA update. The value ranges
from 0 to 600,000. The unit is ms.
max-wait-time:Indicatesthemaximuminterval betweentwoLSAupdateswhen theLSAisupdatedcontinuously.This
intervalisalsousedtodeterminewhethertheLSAisupdatedcontinuously.Thevaluerangesfrom0to600,000.Theunit
is ms.
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Command

OSPF routing process configuration mode

Mode
Usage Guide

If a high convergence requirement is raised when a link changes, you can set delay-time to a smaller value. You can also
appropriately increase values of the preceding parameters to reduce the CPU usage.
When configuring this command, the value of hold-time cannot be smaller than the value of delay-time, and the value
of max-wait-time cannot be smaller than the value of hold-time.



Configuring the LSA Group Refresh Time

Command

timers pacinglsa-group seconds

Parameter

seconds: Indicates the LSA group pacing interval. The value ranges from 10 to 1,800. The unit is second.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

Every LSA has a time to live (LSA age). When the LSA age reaches 1800s, a refreshment is needed to prevent LSAs from
beingclearedbecausetheiragesreachingthemaximum. IfLSAupdateandaging computationareperformedforevery
LSA,thedevicewillconsumealotofCPUresources.InordertouseCPUresourceseffectively,youcanrefreshLSAsby
group onthedevice.The interval of group refreshmentiscalledgroup pacing interval.The group refreshment operation
is to organize the LSAs generated within a group pacing interval into a group and refresh the group as a whole.
If the total number of LSAs does not change, a larger group pacing interval indicates that more LSAs need to be
processedaftertimeout.TomaintaintheCPUstability,thenumberofLSAsprocessesuponeachtimeoutcannotbetoo
large. If the number of LSAs is large, you are advised to reduce the group pacing interval. For example, if there are 1000
LSAs inthe database, you can reduce thepacing interval; if there are40 to100 LSAs, you can setthepacing interval to
10-20 minutes.



Configuring the LSA Group Refresh Interval

Command

timers pacing lsa-transmit transmit-time transmit-count

Parameter

transmit-time: Indicates the LSA group transmission interval. The value ranges from 10 to 1,000. The unit is ms.

Description

transmit-count: Indicates the number of LS-UPD packets in a group. The value ranges from 1 to 200.

Command

OSPF routing process configuration mode

Mode
Usage Guide

If the number of LSAs is large and the device load is heavy in an environment, properly configuring transimit-time and
transimit-count can limit the number of LS-UPD packets flooded on a network.
If the CPU usage is not high and the network bandwidth load is not heavy, reducing the value of transimit-time and
increasing the value of transimit-count can accelerate the environment convergence.



Configuring LSARepeated Receiving Delay

Command

timers lsa arrival arrival-time

Parameter

arrival-time:Indicatesthedelay after whichthesame LSAisreceived.The value rangesfrom0to600,000.The unit isms.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide



No processing is performed if the same LSA is received within the specified time.

Configuring the Inter-Area Route Computation Delay
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Command

timers throttle route inter-area ia-delay

Parameter

ia-delay: Indicates the inter-area route computation delay. The unit is ms. The value ranges from 0 to 600,000.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide



This delay cannot be modified if strict requirements are raised for the network convergence time.

Configuring the External Route Computation Delay

Command

timers throttle route ase ase-delay

Parameter

ase-delay: Indicates the external route computation delay. The unit is ms. The value ranges from 0 to 600,000.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide



This delay cannot be modified if strict requirements are raised for the network convergence time.

Configuring the SPF Computation Delay

Command

timers throttle spf spf-delay spf-holdtime spf-max-waittime

Parameter

spf-delay: Indicates the SPF computation delay. The unit is ms. The value ranges from 0 to 600,000. When detecting a

Description

topological change, the OSPF routing process triggers the SPF computation at least after spf-delay elapses.
spf-holdtime:IndicatestheminimumintervalbetweentwoSPFcomputations.Theunitisms.Thevaluerangesfrom0to
600,000.
spf-max-waittime: Indicates the maximum interval between two SPF computations. The unit is ms. The value ranges from
0 to 600,000.
number: indicates the metric of the summarized route.

Command

OSPF routing process configuration mode

Mode
Usage Guide

spf-delay indicates the minimum time between the occurrence of the topological change and the start of SPF
computation.spf-holdtime indicatestheminimuminterval betweenthefirstSPFcomputationand thesecond SPF
computation. After that, the interval between two SPF computations must be at least twice of the previous interval.
Whenthe interval reaches spf-max-waittime, the interval cannot increase again. If the interval between two SPF
computationsalreadyexceedstherequiredminimumvalue,theintervaliscomputedbystartingfromspf-holdtime.
You can set spf-delay and spf-holdtime to smaller values to accelerate topology convergence, and set
spf-max-waittime to a laFSer value to reduce SPF computation. Flexible settings can be used based on stability of the
network topology.
Compared with the timers spf command, this command supports more flexible settings to accelerate the convergence
speedof SPFcomputationand furtherreducethesystemresourcesconsumedbySPFcomputationwhen thetopology
continuously changes. Therefore, you are advised to use the timers throttle spf command for configuration.
1.

Thevalueof spf-holdtimecannot besmallerthanthevalueofspf-delay; otherwise,spf-holdtimewillbe
automatically set to the value of spf-delay.

2.

The value of spf-max-waittimecannot be smaller than the value of spf-holdtime; otherwise, spf-max-waittime
will be automatically set to the value of spf-holdtime.

3.

The configurations of timers throttle spf and timers spf are mutually overwritten.

4.

Whenboth timers throttle spf and timers spf are not configured, the default values of timers throttle spf prevail.

Configuration Example
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The following configuration examples assume that the OSPF basic functions have been configured. For details about the OSPF
basic functions, see section 4.4.1 "Configuring OSPF Basic Functions."



Configuring the Hello Interval and Dead Interval

Scenario
Figure 4-29

Configuration



Configure the interface IP addresses on all routers. (Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



ConfiguretheHello interval and deadinterval onall routers.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip ospf hello-interval 15
A(config-if-GigabitEthernet 0/1)# ip ospf dead-interval 50

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip ospf hello-interval 15
A(config-if-GigabitEthernet 0/1)# ip ospf dead-interval 50

Verification

Check the interface parameters on Router A. Verify that the Hello interval is 10s and the dead interval is 50s.

A

A# show ip ospf interface
GigabitEthernet 0/1 is up, line protocol is up
InternetAddress 192.168.1.1/24, Ifindex 2, Area 0.0.0.0, MTU 1500
Matching network config: 192.168.1.0/24
Process ID 1, Router ID 192.168.1.2, Network Type POINTOMULTIPOINT, Cost: 1
Transmit Delay is 1 sec, State Point-To-Point
Timer intervals configured, Hello 15, Dead 50, Wait 40, Retransmit 5
Hello due in 00:00:02
Neighbor Count is 1, Adjacent neighbor count is0
Crypt Sequence Number is 4787
Hello received 465 sent 466, DD received 8 sent 8
LS-Req received 2 sent 2, LS-Upd received 8 sent 21
LS-Ack received 14 sent 7, Discarded 3

Common Errors
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The configured neighbor dead time is shorter than the Hello interval.

4.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears and resets an OSPF process.

clear ip ospf [ process-id] process

Displaying
Description

Command

Displays the OSPF process

show ip ospf [ process-id ]

configurations.
DisplaystheOSPFinternal routingtable,

show ip ospf[ process-id ] border-routers

including routes to ABRs and ASBRs.
Displays information about the OSPF

show ip ospf [ process-id area-id] database [{ asbr-summary | external | network |

LSDB.

nssa-external | opaque-area | opaque-as | opaque-link | router |
summary }][ { adv-router ip-address| self-originate } |link-state-id |
brief ][ database-summary | max-age | detail]

Displays OSPF-enabled interfaces.

show ip ospf [ process-id ] interface [ interface-type interface-number | brief ]

Displays the OSPF neighbor list.

show ip ospf [ process-id ] neighbor [ detail ] [ interface-typeinterface-number ] [ neighbor-id ]

Displays the OSPF routing table.

show ip ospf [ process-id ] route[ count ]

Displays the number of times SPT is

show ip ospf [ process-id ] spf

computed in the OSPF area.
Displaysthesummarized routeof OSPF

show ip ospf[ process-id ] summary-address

redistributed routes.
Displays the OSPF network topology

show ip ospf [process-id[ area-id] ] topology[ adv-routeradv-router-id [ router-id ] |

information.

self-originate[ router-id ] ]

Displays OSPF virtual links.

show ip ospf [ process-id ] virtual-links [ ip-address]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs OSPF events.

debug ip ospf events [abr|asbr|lsa|nssa|os|restart| router|slink| vlink]

Debugs OSPF interfaces.

debug ip ospf ifsm [events|status|timers]

Debugs OSPF neighbors.

debug ip ospf nfsm [events | status | timers]

Debugs the OSPF NSM.

debug ip ospf nsm [interface | redistribute | route]

Debugs OSPF LSAs.

debug ip ospf lsa [flooding | generate | install | maxage | refresh]

Debugs OSPF packets.

debug ip ospf packet [dd|detail|hello|ls-ack|ls-request|ls-update|recv|send]

Debugs OSPF routes.

debug ip ospf route [ase | ia | install | spf | time]

www.fs.com

916

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

5 Configuring OSPFv3
5.1 Overview
Open Shortest Path First (OSPF) is an Interior Gateway Protocol (IGP) that is used within the Autonomous System (AS) to allow routers
to obtain a route to a remote network.
OSPF Version 2 (OSPFv2) is applicable to IPv4, and OSPF Version 3 (OSPFv3) is applicable to IPv6.The protocol running
mechanism and most configurations are the same.
OSPF has the following characteristics:



Wide scope of application: OSPF is applicable to a larger-scale network that supports hundreds of routers.



Fast convergence: Once the network topology changes, notifications can be quickly sent between routers to update routes.



No self-loop: Only the link status information is synchronized between routers. Each router computes routes independently, and
a self-loop will not occur.



Areadivision:Alargeroutingdomainisdividedintomultiplesmallareastosavesystemresourcesandnetworkbandwidthand
ensure stability and reliability of routes.



Route classification: Routes are classified into several types to support flexible control.



Equivalent routes: OSPF supports equivalent routes.



Authentication: OSPF supports packet authentication to ensure security of protocol interaction.



Multicasttransmission:Protocolpacketsaresentusingthemulticastaddresstoavoidinterferingwithirrelevant entitiesand
save system resources.
In this chapter, theterm "router" refers to any network device that supports therouting function. These network devices can be
L3 switches, routers, or firewall.
Unless otherwise specified, "OSPF" in the following descriptions refers to OSPFv3.

Protocols and Standards
RFC2740

This document describes the modifications to OSPF to support version 6 of the Internet Protocol (IPv6).

draft-ietf-ospf-ospfv3-g

This document describes the OSPFv3 graceful restart. The OSPFv3 graceful restart is identical to OSPFv2

raceful-restart

exceptforthedifferencesdescribedinthisdocument.ThesedifferencesincludetheformatofthegraceLink
State Advertisements (LSA) and other considerations.

draft-ietf-ospf-ospfv3-

Thismemodefines aportionof theManagement InformationBase (MIB) foruse withnetworkmanagement

mib-11

protocolsinIPv6-basedinternets.Inparticular,itdefinesobjectsformanagingtheOpenShortestPathFirst
Routing Protocol for IPv6.

5.2 Applications
Application

Description

Intra-Domain Interworking

OSPF runs within the AS, which is divided into several areas.

Inter-Domain Interworking

Several ASs areinterconnected. OSPF runs withineach AS, and BGP runsbetween ASs.
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5.2.1 Intra-Domain Interworking

Scenario
OSPFrunswithintheAS.Ifthenumberofroutersexceeds40,itisrecommendedthattheASbedividedintoseveralareas.Generally,
high-end devices featuring reliable performance and fast processing speed are deployed in a backbone area, and low-end or
medium-range deviceswith relativelylower performance canbe deployed in anormal area. All normal areas must beconnected to
thebackbone area. It is recommended that a normal area locatedon the stub be configured as a stubarea. As shown in Figure 5-1,
the network is divided into four areas. Communication between these areas must go through the backbone area, that is, area 0.
Figure 5- 1 Division of the OSPF Areas

Remarks

A, B, C, D, E, and H are located in the backbone area, and are backbone routers.
Area 3 is configured as a stub area.

Deployment



OSPF runs on all routers within the AS to implement unicast routing.

5.2.2 Inter-Domain Interworking

Scenario
Several ASs are interconnected. OSPF runs within each AS, and BGP runs between ASs.Generally,OSPF and BGP learn the routing
information from each other.
AsshowninFigure5-2,unicastroutingisimplementedwithinAS100andAS200usingOSPF,andbetweenthetwoASsusingBGP.
Figure 5- 2 Interworking Between OSPF and BGP
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Remarks

OSPF and BGP run concurrently on Router A and Router D.

Deployment



OSPF runs within AS 100 and AS 200 to implement unicast routing.



BGP runs between the two ASs to implement unicast routing.

5.3 Features
Basic Concepts



Routing Domain

AllroutersinanASmustbeinterconnectedand usethesameroutingprotocol.Therefore, anASisalsocalledaroutingdomain.
An AS on which OSPF runs is also called OSPF routing domain, or OSPF domain for short.



OSPF Process

OSPF supports multiple instances, and each instance corresponds to an OSPF process.
One or more OSPF processes can be started on a router. Each OSPF process runs OSPF independently, and the processes are mutually
isolated.
An OSPF packet header contains the Instance ID field, and multiple OSPF instances can run concurrently on a single link. The process
ID is valid only on the local device.



RouterID

The router ID uniquely identifies a router in an OSPF domain. Router IDs of any two routers cannot be the same.
If multiple OSPF processes exist on a router, each OSPF process uses one router ID. Router IDs of any two OSPF processes cannot be
the same.



Area

OSPF supports multiple areas. An OSPF domain is divided into multiple areas to ease the computing pressure of a large-scale
network.
An area is a logical group of routers, and each group is identified by an area ID.The border between areas is a router. A router may
belongtooneareaormultipleareas.Onenetworksegment(link)canbelongtoonlyonearea,oreachOSPF-enabledinterfacemust
belong to a specified area.
Area 0 is the backbone area, and other areas are normal areas. Normal areas must be directly connected to the backbone area.
Figure 5- 3Division of the OSPF Areas
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OSPF Router

The following types of routers are defined in OSPF, and assigned with different responsibilities:



Internal router
AllinterfaceofanintervalrouterbelongtothesameOSPFarea.AsshowninFigure5-3,A,C,F,G,I,M,J,K,andLareinternal
routers.



Area border router (ABR)
AnABRisusedtoconnect thebackbone area withanormal area. AnABR belongstotwoormoreareas, andone of theareas
must be the backbone area. As shown in Figure 5- 3, B, D, E, and H are ABRs.



Backbone router
Abackbonerouter hasatleastone interfacethatbelongstothebackbonearea. AllABRs and allroutersinarea0arebackbone
routers. As shown in Figure 5- 3, A, B, C, D, E, and H are backbone routers.



AS boundary router(ASBR)
AnASBRisusedtoexchangeroutinginformationwithotherASs.AnASBRisnotnecessarilylocatedontheborderofanAS.It
may be a router inside an area, or an ABR. As shown in Figure 5- 3, A is an ASBR.



Virtual Link

OSPFsupports virtual links. Avirtual link isa logical linkthat belongs to thebackbone area. It is used toresolve the problems suchas a
discontinuous backbone area or a failure to directly connect a normal area to the backbone area on the physical network. A virtual
link supports traversal of only one normal area, and this area is called transit area. Routers on both ends of a virtual link are ABRs.
Figure 5- 4Discontinuous Backbone Area on the Physical Network
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As shown in Figure 5- 4, a virtual link is set up between A and B to connect two separated parts of Area 0. Area 1is a transit area, and A
and B are ABRs of Area 1.
Figure 5- 5Failure to Directly Connect a Normal Area to the Backbone Area on the Physical Network

As shown in Figure 5- 5, a virtual link is set up between A and B to extend Area 0 to B so that Area 0 can be directly connected to Area
2 on B. Area 1 is a transit area, A is an ABR of Area 1, and B is an ABR of Area 0 and Area 2.



LSA

OSPF describes the routing information by means of Link State Advertisement (LSA).
LSA Type

Description

Router-LSA(Type1)

This LSA is originated by every router. It describes the link state and cost of the router, and is
advertised only within the area where the originating router is located.

Network-LSA(Type2)

This LSAis originatedby a designated router (DR). It describes the stateof the current link, and is
advertised only within the area where the DR is located.

Inter-Area-Prefix-LSA(Type3)

This LSAis originatedby an ABR. It describes aroutetoanother area, and isadvertisedtoareas
except totally stub areas or Not-So-Stubby Area (NSSA) areas.

Inter-Area-Router-LSA(Type4)

This LSA is originated by an ABR. It describes a route to an ASBR, and is advertised to areas
except areas where the ASBR is located.

AS-external-LSA(Type5)

This LSA is originated by an ABR. It describes a route to a destination outside the AS, and is
advertised to all areas except the stub and NSSA areas.

NSSA LSA(Type7)

This LSA is originated by an ABR. It describes a route to a destination outside the AS, and is
advertised only within the NASSA areas.

Link-LSA(Type8)

This LSA is originated by every router. It describes the link-local address and IPv6 prefix address
of each link, and provides the link option that will be set in the Network-LSA. It advertised only
on the current link.

Intra-Area-Prefix-LSA(Type9)

Everyrouter or DR generates one or more Intra-Area-Prefix-LSAs, which areadvertisedin the
area to which the router or DR belongs.
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LSA Type

Description

 The Intra-Area-Prefix-LSA generated by a router describes the IPv6 prefix address
associated with the Route-LSA.



The Intra-Area-Prefix-LSA generated by a DR describes the IPv6 prefix address associated
with the Network-LSA.

Stub areas, NSSA areas, totally stub areas, and totally NSSA areas are special forms of normal areas and help reduce the load of
routers and enhance reliability of OSPF routes.



OSPF Packet

The following table lists the protocol packets used by OSPF.These OSPF packets are encapsulated in IP packets and transmitted in
multicast or unicastmode.
Packet Type

Description

Hello

Hello packets are sent periodically to discover and maintain OSPF neighbor relationships.

Database Description (DD)

DDpackets carry brief information about the local Link-StateDatabase(LSDB) and areusedto
synchronize the LSDBs between OSPF neighbors.

Link State Request (LSR)

LSRpackets areused torequest therequired LSAs fromneighbors.LSR packetsaresent only
after DD packets are exchanged successfully between OSPF neighbors.

Link State Update (LSU)

LSU packets are used to send the required LSAs to peers.

LinkStateAcknowledgment (LSAck)

LSAck packets are used to acknowledge the received LSAs.

Overview
Feature

Description

Link-State Routing

Run OSPF on the router to obtain routes to different destinations on the network.

Protocols
OSPF Route

Properly plan or optimize OSPF routes through manual configuration to implement management of OSPF

Management

routes.

Enhanced Security and Use functions such as authentication and BFD correlation to enhance security, stability, and reliability of OSPF.
Reliability
Network Management

Use functions such as the MIB and Syslog to facilitate OSPF management.

Functions
5.3.1 Link-State Routing Protocols

OSPF is a type of link-state routing protocols. Its working process is as follows:



Neighbor discovery  Bidirectional communication
An OSPF neighbor relationship is set up between adjacent routers, and bidirectional communication is maintained.



Database synchronization  Full adjacency
A router uses LSAs to advertise all its link states. LSAs are exchanged between neighbors and the link state database (LSDB) is
synchronized to achieve full adjacency.



Shortest Path Tree (SPT) computation  Formation of a routing table
The router computes the shortest path to each destination network based on the LSDB and forms an OSPF routing table.

Working Principle



Neighbor Discovery  Bidirectional Communication
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RouterssendHellopacketsthrough allOSPF-enabledinterfaces(orvirtuallinks).IfHellopacketscanbe exchangedbetweentwo
routers, and parameters carried in the Hello packets can be successfully negotiated, the two routers become neighbors. Routers that
are mutually neighbors find their own router IDs from Hellopackets sent from neighbors, and bidirectional communication is set up.
A Hello packet includes, but is not limited to, the following information:



Router ID of the originating router



Area ID of the originating router interface (or virtual link)



Instance ID of the originating router interface (or virtual link)



Interface IDof the originating router interface (or virtual link)



Priority of the originating router interface (used for DR/BDR election)



Hello interval of the originating router interface (or virtual link)



Neighbor dead interval of the originating router interface (or virtual link)



IP addresses of the DR and Backup Designated Router (BDR)



Router ID of the neighbor of the originating router



Database Synchronization  Full Adjacency

After bidirectional communication is set up between neighbor routers, the DD, LSR, LSU, and LSAck packets are used to exchange
LSAs and set up the adjacency. The brief process is as follows:



A router generates an LSA to describe all link states on the router.



The LSA is exchanged between neighbors. When a router receives the LSA from its neighbor, it copies the LSA and saves the
copy in the local LSDB, and then advertises the LSA to other neighbors.



When the router and its neighbors obtain the same LSDB, full adjacency is achieved.
OSPF will be very quiet without changes in link costs or network addition or deletion. If any change takes place, the changed
link states are advertised to quickly synchronize the LSDB.



SPT Computation  Formation of a Routing Table

After the complete LSDB is obtained from the router, the Dijkstra algorithm is run to generate an SPT from the local router to each
destination network. The SPT records the destination networks, next-hop addresses, and costs. OSPF generates a routing table based
on the SPT.
If changes in linkcosts or network addition or deletion takeplace, the LSDB willbe updated.The router again runs the Dijkstra
algorithm, generates a new SPT, and updates the routing table.
The Dijkstra algorithm is used to find a shortest path from a vertex to other vertices in a weighted directed graph.



OSPF Network Types

Arouter does not necessarilyneed toexchange LSAs withevery neighbor and set up an adjacency withevery neighbor.Toimprove
efficiency, OSPF classifies networks that use various link layer protocols into five types so that LSAs are exchanged in different ways to
set up anadjacency:



Broadcast
Neighbors are discovered, and the DR and BDR are elected.
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The DR (or BDR) exchanges LSAs with all other routers to set up an adjacency. Except the DR and BDR, all other routers do not
exchange LSAs with each other, and the adjacency is not set up.
Ethernet and fiber distributed data interface (FDDI) belong to the broadcast network type by default.



Non-broadcast multiple access (NBMA)
Neighbors are manually configured, and the DR and BDR are elected.
The DR (or BDR) exchanges LSAs with all other routers to set up an adjacency. Except the DR and BDR, all other routers do not
exchange LSAs with each other, and the adjacency is not set up.
X.25, frame relay, and ATM belong to NBMA networks by default.



Point-to-point (P2P)
Neighbors are automatically discovered, and the DR or BDR is not elected.
LSAsareexchangedbetweenroutersatbothendsofthe link,and theadjacencyissetup.
PPP, HDLC, and LAPB belong to the P2P network type by default.



Point-to-multipoint(P2MP)
Neighbors are automatically discovered, and the DR or BDR is not elected.
LSAs are exchanged between any two routers, and the adjacency is set up.
Networks without any link layer protocol belong to the P2MP network type by default.



P2MP broadcast
Neighbors are manually configured, and the DR or BDR is not elected.
LSAs are exchanged between any two routers, and the adjacency is set up.
Networks without any link layer protocol belong to the P2MP network type by default.



OSPF Route Types

Figure 5- 6

Display the OSPF routes (marked in red) in the routing table of Router C.
C#show ipv6 route ospf
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IPv6 routing table name is Default(0) global scope - 7 entries
Codes: C - Connected, L - Local, S - Static, R - RIP, B - BGP
I1 - ISIS L1, I2 - ISIS L2, IA - ISIS interarea, IS - ISIS summary
O-OSPFintraarea,OI-OSPFinterarea, OE1-OSPFexternaltype1,OE2-OSPFexternaltype2
ON1 - OSPF NSSA external type 1, ON2 - OSPF NSSA external type 2
[*] - NOT in hardware forwarding table

L

::1/128 via Loopback, local host

OI

3001::/64 [110/2] via FE80::21A:A9FF:FE15:4CB9, VLAN 200

C

3001:1::/64 viaVLAN200,directlyconnected

L

3001:1::2/128 via VLAN 200, local host

L

FE80::/10 via::1,Null0

C

FE80::/64 viaVLAN 200, directly connected

L

FE80::21A:A9FF:FE01:FB1F/128 via VLAN 200, local host

A mark is displayed in front of each OSPF route to indicate the type of the route. There are six types of OSPF routes:



O: Intra-area route
This type of route describes how to arrive at a destination network in the local area. The cost of this type of route is equal to the
cost of the route from the local router to the destination network.



OI: Inter-area route
This type of route describes how to arrive at a destination network in another area. The cost of this type of route is equal to the
cost of the route from the local router to the destination network.



OE1: Type 1 external route
This type of route describes how to arrive at a destination network outside the AS. The cost of this type of route is equal to the
cost of the route from the local router to the ASBR plus the cost of the route from the ASBR to the destination network. This type
of route does not exist on routers in the stub or NSSA area.



OE2: Type 2 external route
This type of route describes how to arrive at a destination network outside the AS. The cost of this type of route is equal to the
cost of the route fromthe ASBR tothe destination network.This type of route does not exist on routers in the stub or NSSA area.



ON1: Type 1 external route of the NSSA area
Thistype of routedescribes how toarriveat a destination networkoutsidethe AS through theASBR inthe NSSA area.The cost
of this type of route is equal to the cost of the route from the local router to the ASBR plus the cost of the route from the ASBR to
the destination network. This type of route exists only on routers in the NSSA area.



ON2: Type 2 external route of the NSSA area
Thistype ofroutedescribeshow toarriveat adestinationnetworkoutsidethe ASthrough theASBR intheNSSA area.Thecost
of this type of route is equal to the cost of the route from the ASBR to the destination network. This type of route exists only on
routers in the NSSA area.
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ReliabilityofOE2andON2routesispoor.OSPFbelievesthatthecostoftheroutefromtheASBRtoadestinationoutsideanAS
is far greater than the cost of the route to the ASBR within the AS. Therefore, when the route cost is computed, only the cost of
the route from the ASBR to a destination outside an AS is considered.
Related Configuration



Enabling OSPF

OSPF is disabled by default.
Run the ipv6 router ospf 1 command to create an OSPF process on the router.
Run the ipv6 ospfarea command to enable OSPF on an interface and specify the area ID.
Run the area virtual-link command to create a virtual link on the router. The virtual link can be treated as a logical interface.



Router ID

By default, the OSPF process elects the largest IPv4 address among the IPv4 addresses of all the loopback interfaces as the router ID. If
the loopback interfaces configured with IPv4 addresses are not available, the OSPF process elects the largest IPv4 address among the
IPv4 addresses of all the physical ports as the router ID.
Alternatively, you can run the router-id command to manually specify the router ID.



Protocol Control Parameters

Run theipv6 ospf hello-interval command tomodifytheHello interval on the interface.The default value is10s (or 30s for NBMA
networks).
Run the ipv6 ospf dead-interval command to modify the neighbor dead interval on the interface.The default value is four times the
Hello interval.
Usethe poll-interval parameter in the ipv6 ospf neighbor command to modify the neighbor polling interval on the NBMA interface.
The default value is 120s.
Run theipv6 ospf transmit-delaycommand to modifythe LSU packet transmission delay on the interface.The defaultvalue is 1s.
Runtheipv6ospfretransmit-intervalcommandtomodifytheLSUpacketretransmissionintervalontheinterface.Thedefaultvalue
is 5s.
Use the hello-interval parameter in the area virtual-link command to modify the Hello interval on the virtual link. The default value
is 10s.
Use the dead-interval parameter in the area virtual-link command to modify the neighbor dead interval on the virtual link. The
default value is four times the Hello interval.
Usethe transmit-delayparameter inthearea virtual-linkcommand tomodifythe LSUpacket transmission delay onthe virtuallink.
The default value is 1s.
Usetheretransmit-interval parameterintheareavirtual-linkcommandtomodifytheLSUpacketretransmissioninterval onthe
virtual link. The default value is 5s.
Runthetimersthrottlelsaallcommandtomodifyparametersoftheexponentialbackoffalgorithmthat generatesLSAs.Thedefault
values of these parameters are 0 ms, 5000 ms, and 5000 ms.
Run the timers pacing lsa-group command to modify the LSA group update interval. The default value is 30s.
Runthetimerspacinglsa-transmitcommandtomodifytheLS-UPDpacketsendingintervalandthenumberofsentLS-UPDpackets.
The default values are 40 ms and 1.
Run the timers lsa arrival command to modify the delay after which the same LSA is received. The default value is 1000 ms.
Runthetimersthrottlespf commandtomodifytheSPT computation delay, minimuminterval betweentwoSPTcomputations, and
maximum interval between two SPT computations. The default values are 1000 ms, 5000 ms, and 10000 ms.
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OSPF Network Types

By default, Ethernet and FDDI belong to the broadcast type, X.25, frame relay, and ATM belong to the NBMA type, and PPP, HDLC, and
LAPB belong to the P2P type.
Run the ipv6 ospf network command to manually specify the network type of an interface.
Run the ipv6 ospf neighbor command to manually specify a neighbor. For the NBMA and P2MP non-broadcast types, you must
manually specify neighbors.
Run the ipv6 ospf priority command to adjust the priorities of interfaces, which are used for DR/BDR election. The DR/BDR election is
required for the broadcast and NBMA types. The router with the highest priority wins in the election, and the router with the priority
of 0 does not participate in the election. The default value is 1.
5.3.2 OSPF Route Management

Properly plan or optimize OSPF routes through manual configuration to implement management of OSPF routes.
Working Principle



(Totally) Stub Area and (Totally) NSSA Area

The (totally) stub and (totally) NSSA areas help reduce the protocol interaction load and the size of the routing table.



If an appropriate area is configured as a (totally) stub or NSSA area, advertisement of a large number of Type 5 and Type 3 LSAs
can be avoided within the area.

Area

Type 1 and

Type 3 LSA

Type 4 LSA

Type 5 LSA

Type 7 LSA

Allowed

Allowed

Allowed

Allowed

Not allowed

Allowed

Allowed (containing one

Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Not allowed

Allowed

Not allowed

Allowed

Allowed

Not allowed

Allowed

Type 2 LSAs
Non (totally) stub area and NSSA
area
Stub area

default route)
Totally stub area

Allowed

NSSA area

Allowed

Only one default route is
allowed.
Allowed (containing one
default route)

Totally NSSA area

Allowed

Only one default route is
allowed.

The ABR uses Type 3 LSAs to advertise a default route to the (totally) stub or NSSA area.
The ABR converts Type 7 LSAs in the totally NSSA area to Type 5 LSAs, and advertise Type 5 LSAs to the backbone area.



If an area is appropriately configured as a (totally) stub area or an NSSA area, a large number of OE1, OE2, and OI routes will not
be added to the routing table of a router in the area.

Area

Routes Available in the Routing Table of a Router Inside the Area

Non (totally) stub area and NSSA

O: a route to a destination network in the local area

area

OI: a route to a destination network in another area
OE1 or OE2: a route or default route to a destination network segment outside the AS (via any
ASBR in the AS)

Stub area

O: a route to a destination network in the local area
OI: a route or a default route to a destination network in another area
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Area

Routes Available in the Routing Table of a Router Inside the Area

Totally stub area

O: a route to a destination network in the local area
OI: a default route

NSSA area

O: a route to a destination network in the local area
OI: a route or a default route to a destination network in another area
ON1 or ON2: a route or default route to a destination network segment outside the AS (via an
ASBR in the local area)

Totally NSSA area

O: a route to a destination network in the local area
OI: a default route
ON1 or ON2: a route or default route to a destination network segment outside the AS (via an
ASBR in the local area)



Route Redistribution

Route redistribution refers to the process of introducing routes of other routing protocols, routes of other OSPF processes, static
routes,and directroutesthatexistonthedevicetoanOSPFprocesssothattheseroutescanbeadvertisedtoneighborsusingType5
and Type 7 LSAs. A default route cannot be introduced during route redistribution.
RouteredistributionisoftenusedforinterworkingbetweenASs.YoucanconfigurerouteredistributiononanASBRtoadvertise
routes outside an AS to the interior of the AS, or routes inside an AS to the exterior of the AS.



Default Route Introduction

Byconfiguring acommandonanASBR, youcanintroduceadefaultroutetoanOSPFprocesssothat theroutecanbeadvertisedto
neighbors using Type 5 and Type 7 LSAs.
Default route introduction is often used for interworking between ASs. One default route is used to replace all the routes outside an
AS.



Route Summarization

Route summarization is a process of summarizing routing information with the same prefix into one route, and advertising the
summarized route (replacing a large number of individual routes) to neighbors. Route summarization helps reduce the protocol
interaction load and the size of the routing table.
By default, the ABR advertises inter-area routing information by using Type3 LSAs within a network segment, and advertises
redistributedroutinginformationbyusingType5andType7LSAs.Ifcontinuousnetworksegmentsexist,itisrecommendedthatyou
configure route summarization.



Route Filtering

OSPFsupports routefilteringtoensuresecurityand facilitatecontrolwhen therouting informationisbeing learned, exchanged, or
used.
Using configuration commands, you can configure route filtering for the following items:



Interface: The interface is prevented from sending routing information (any LSAs) or exchanging routing information (any LSAs)
with neighbors.



Routing information outside an AS: Only the routing information that meets the filtering conditions can be redistributed to the
OSPF process (Type 5 and Type 7 LSAs).



LSAsreceived byarouter: IntheOSPFrouting table,onlytheroutes that arecomputed basedontheLSAs meetingthe filtering
conditions can beadvertised.

www.fs.com

928

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Route Cost

If redundancy links or devices exist on the network, multiple paths may exist from the localdevice tothe destination network. OSPF
selects the path with the minimum total cost to form an OSPF route. The total cost of a path is equal to the sum of the costs of
individual links along the path.The total cost of a path can be minimized by modifying the costs of individual links along the path. In
this way, OSPF selects this path to form a route.
Using configuration commands, you can modify the following link costs:



Cost from an interface to a directly connected network segment and cost from the interface to a neighbor



Cost from an ABR to the default network segment



CostfromanASBRtoanexternal networksegmentandcostfromtheASBRtothedefaultnetworksegment
Both the cost and the metric indicate the cost and are not differentiated from each other.



OSPF Administrative Distance

Theadministrative distance(AD)evaluates reliabilityof aroute,and thevalue isan integer ranging from0to255. AsmallerAD value
indicates that the route is more trustworthy. If multiples exist to the same destination, the route preferentially selects a route with a
smaller AD value. The route with a greater AD value becomes a floating route, that is, a standby route of the optimum route.
Bydefault,the routecomingfromone sourcecorresponds to anADvalue.The ADvalue isalocalconcept. Modifying theAD value
affects route selection only on the current router.
Route

Directly-connected

Static

Source

network

route

Default AD

0

1

EBGP Route
20

OSPF

IS-IS

Route

Route

110

115

RIP Route
120

IBGP

Unreachable

Route

Route

200

255

Related Configuration



Stub/NSSA Area

By default, no stub or nssa area is configured.
Runtheareastubcommandtoconfigureaspecifiedareaasastubarea.
Run the area nssa command to configure a specified area as a nssa area.
A backbone area cannot be configured as a stub or nssa area.
A transitarea (withvirtual linksgoing through) cannot be configured asa stubor nssaarea.
An area containing an ASBR cannot be configured as a stub area.



Route Redistribution and Default Route Introduction

By default, routes are not redistributed and the default route is not introduced.
Run the redistribute command to configure route redistribution.
Run the default-information originate command to introduce a default route.
After configuring route redistribution and default route introduction, the router automatically becomes an ASBR.



Route Summarization

Bydefault,routesarenotsummarized. Ifroutesummarizationisconfigured,adiscardroutewillbeautomaticallyadded.
Run the area range command to summarize routes (Type 3 LSA) distributed between areas on the ABR.
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Run the summary-prefix command to summarize redistributed routes (Type 5 and Type 7 LSAs) on the ASBR.



Route Filtering

By default, routes are not filtered.
Run the passive-interface command to configure a passive interface. Routing information (any LSAs) cannot be exchanged on a
passive interface.
Use the route-map parameter in the redistribute command, or use the distribute-list out command to filter the external routing
information of the AS on the ASBR. Only the routing information that meets the filtering conditions can be redistributed to the OSPF
process (Type 5 LSAs).
Run thedistribute-listincommand tofilterLSAs received by the router.In theOSPF routingtable, only theroutes that arecomputed
based on the LSAs meeting the filtering conditions can be advertised.



Route Cost



Cost from theinterface to the directly-connected network segment (cost on the interface)
The default value is the auto cost. Auto cost = Reference bandwidth/Interface bandwidth
Runtheauto-costreference-bandwidth commandtosetthereferencebandwidthoftheautocost.Thedefaultvalueis100
Mbps.
Run the ipv6 ospf cost command to manually set the cost of the interface.The configuration priority of this item is higher than
that of the auto cost.



Cost from the interface to a specified neighbor (that is, cost from the local device to a specified neighbor)
The default value is the auto cost.
Usethe cost parameter in the ipv6ospf neighbor command to modifythe cost from the interface to a specified neighbor.The
configuration priority of this item is higher than that of the cost of the interface.
This configuration item is applicable only to P2MP-type interfaces.



Cost from the ABR to the default network segment (that is, the cost of the default route that is automatically advertised by the
ABR to the stub area)
The default value is 1.
Run the area default-cost command to modify the cost of the default route that the ABR automatically advertise to the stub or
nssa areas.



Cost from the ASBR to an external network segment (that is, the metric of an external route)
By default, the metric of a redistributed BGP route is 1, the metric of other types of redistributed routes is 20, and the route type
is Type 2 External.
Run the default-metric command to modify the default metric of the external route.
Usethe metric,metric-type, and route-map parameters in theredistribute command to modify the metric and route type of
the external route.



Cost from the ASBR to the default network segment (that is, the metric of the default route that is manually introduced)
By default, the metric is 1, and the route type is Type 2 External.
Usethemetric,metric-type,androute-mapparametersinthedefault-informationoriginatecommand tomodifythemetric
and route type of the default route that is manually introduced.



Usethe metricand metric-type parametersof default-informationoriginateintheareanssacommand tomodifythe metric
and type of the default route that is manually introduced to the NSSA area.



OSPF Administrative Distance
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By default, the OSPF AD is 110.
Run the distance command to set the AD of an OSPF route.
5.3.3 Enhanced Security and Reliability

Use functions such as authentication and BFD correlation to enhance security, stability, and reliability of OSPF.
Working Principle



Authentication

OSPFv3 uses the authentication mechanism, that is, IP authentication header (AH) and IP Encapsulating Security Payload (ESP),
provided by IPv6 to prevent unauthorized routers that access the network and hosts that forge OSPF packets to participate in OSPF
routing.OSPFpacketsreceivedontheOSPFinterface(oratbothendsofavirtuallink)areauthenticated.Ifauthenticationfails,the
packets are discarded and the adjacency cannot be set up.
Enabling authentication can avoid learning unauthenticated or invalid routes, thus preventing advertising valid routes to
unauthenticated devices. In the broadcast-type network, authentication also prevents unauthenticated devices from becoming
designated devices, ensuring stability of the routing system and protecting the routing system against intrusions.



MTU Verification

OnreceivingaDDpacket,OSPFcheckswhethertheMTUoftheneighbor interfaceisthesameas theMTUofthelocalinterface.Ifthe
MTU of the interface specified in the received DD packet is greater than the MTU of the interface that receives the packet, the
adjacency cannot be set up. Disabling MTU verification can avoid this problem.



Two-Way Maintenance

OSPFroutersperiodically send Hellopacketstoeach other tomaintainthe adjacency. Onalarge network, alot of packetsmaybe
sentorreceived,occupyingtoomuchCPUandmemory.Asaresult,somepacketsaredelayedordiscarded.Iftheprocessingtimeof
Hello packets exceeds the dead interval, the adjacency will be destroyed.
If the two-way maintenance function is enabled, in addition to the Hello packets, the DD, LSU, LSR, and LSAck packets can also be
used to maintain the bidirectional communication between neighbors, which makes the adjacency more stable.



Concurrent neighbor Interaction Restriction

Whena routersimultaneously exchanges datawithmultipleneighbors,itsperformance maybe affected. Ifthe maximum number of
neighbors that concurrently initiate or accept interaction withthe OSPF process, the router caninteract withneighbors by batches,
which ensures data forwarding and other key services.



Compatibility with Type-9 LSA with IPv6 Prefix

By default, type-9 LSA can not have IPv6 prefix.
Run the ipv6 router ospf compatible lsa type-9 command, the type-9 LSA generated by device will have Ipv6 prefix.



GR

The control and forwarding separated technology is widely used among routers. On a relatively stable network topology, when a
GR-enabledrouter isrestarted onthe controlplane, dataforwarding cancontinue on theforwarding plane. Inaddition, actions (such
as adjacency re-forming and route computation) performed on the control plane do not affect functions of the forwarding plane. In
this way, service interruption caused by route flapping can be avoided, thus enhancing reliability of the entire network.
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Currently, the GR function is used only during active/standby switchover and system upgrade.
Figure 5- 7Normal OSPF GR Process



The GR process requires collaboration between the restarter and the helper. The restarter is the router where GR occurs. The
helper is a neighbor of the restarter.



Whenentering or exitingthe GRprocess, therestarter sendsaGrace-LSAto theneighbor,notifyingthe neighbor toenter or exit
the helper state.



When the adjacency between the restarter and the helper reaches the Full state, the router can exit the GR process successfully.



Fast Hello and BFD Correlation

After a link fault occurs, it takes a period of time (about 40s) before OSPF can sense the death of the neighbor. Then, OSPF advertises
the information and re-computes the SPT. During this period, traffic is interrupted.



Afterthe fastHellofunction isenabled (that is, theneighbor dead interval isset to1s), OSPF cansense thedeath of a neighbor
within 1s once a link is faulty. This greatly accelerates route convergence and prevents traffic interruption.



BFDisusedtotestconnectivitybetweendevices.Alinkfaultcanbedetectedinasshort as150 ms.AfterOSPFiscorrelatedwith
BFD, OSPF can sense the death of a neighbor in as short as 150 ms once a link is faulty. This greatly accelerates route
convergence and prevents traffic interruption.

Related Configuration



OSPF Packet Authentication

By default, authentication is disabled.



Run the area authentication command to enable authentication in the entire area so that the authentication function takes
effect on all interfaces in this area. If authentication is enabled in area 0, the function also takes effect on the virtual link.
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Run the area encryption command to enable encryption and authentication in the entire area so that the encryptionand
authentication functions takeeffecton all interfacesinthis area. If encryptionand authentication areenabled inarea 0, the
functions also take effect on the virtual link.



Run the ipv6 ospf authentication command to enable authentication on an interface. This configuration takes precedence
over the area-based configuration.



Runtheipv6ospfencryptioncommandtoenableencryptionandauthenticationonaninterface.Thisconfigurationtakes
precedence over the area-based configuration.



Usethe authentication parameter in the area virtual-link command to enable authentication at both ends of a virtual link.
This configuration takes precedence over the area-based configuration.



Usethe encryption parameter in the area virtual-link command to enable encryptionand authentication at both ends of a
virtual link. This configuration takes precedence over the area-based configuration.



MTU Verification

By default, MTU verification is disabled.
Run the ipv6 ospf mtu-ignore command to disable MTU verification on an interface.



Two-Way Maintenance

By default, bidirectional maintenance is enabled.
Run the two-way-maintain command to enable two-way maintenance.



Concurrent neighbor Interaction Restriction

Run the max-concurrent-dd command to modify the maximum number of neighbors that are concurrently interacting with the
current OSPF process. The default value is 5.
Run the ipv6router ospf max-concurrent-ddcommand tomodify the maximum number of neighborsthat are concurrently
interacting with all OSPF processes on the router. The default value is 10.



GR

By default, the restarter function isdisabled, and the helper function isenabled.
Run the graceful-restart command to configure the restarter function.
Run the graceful-restart helper command to configure the helper function.



Fast Hello

By default, the neighbor dead interval on the interface is 40s.
Run theipv6 ospf dead-interval minimal hello-multiplier command toenable theFast Hellofunctionon an interface,that is,the
neighbor dead interval is 1s.



Correlating OSPF with BFD

By default, OSPF is not correlated with BFD.
Run the bfd interval min_rx multiplier command to set the BFD parameters.
Run the bfd all-interfaces command to correlate OSPF with BFD on all interfaces.
Run the ipv6 ospf bfd command to correlate OSPF with BFD on the current interface.
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5.3.4 Network Management Functions

Use functions such as the MIB and Syslog to facilitate OSPF management.
Working Principle



MIB

MIBisthe devicestatusinformation setmaintained by adevice.Youcan use themanagement program toview and settheMIB node.
MultipleOSPFprocessescanbesimultaneouslystartedona router,butthe OSPFMIBcanbebound withonlyone OSPFprocess.



Trap

Atrapmessageisanotificationgeneratedwhenthesystemdetectsafault.Thismessagecontainstherelatedfaultinformation.
If the trap function is enabled, the router can proactively send the trap messages to the network management device.



Syslog

The Syslog records the operations (such as command configuration) performed by users on routers and specific events (such as
network connection failures).
If the syslog is allowed to recordthe adjacency changes, the network administrator can view the logs to learn the entire processthat
the OSPF adjacency is set up and maintained.
Related Configuration



MIB

By default, the MIB is bound with the OSPF process with the smallest process ID.
Run the enable mib-binding command to bind the MIB with the current OSPF process.



Trap

Bydefault,alltrapsfunctionsaredisabled,andthedeviceisnotallowedtosendOSPFtraps.
Runthesnmp-serverenabletrapsospfcommandtoallowthedevicetosendOSPFtraps.
Run the enable traps command to enable a specified trap function for an OSPF process.



Syslog

By default, the Syslog is allowed to record the adjacency changes.
Run the log-adj-changes command to allow the Syslog to record the adjacency changes.

5.4 Configuration
Configuration

Description and Command
(Mandatory)It is used to build an OSPF routing domain.

Configuring OSPF Basic
Functions

ipv6routerospf

Creates an OSPF process.

router-id

Configures a router ID.

ipv6 ospfarea
area virtual-link
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Configuration

Description and Command
(Optional) The configurations are mandatory if the physical network is the X.25, frame relay, or ATM
network.

Setting the Network Type

Configuring Route
Redistribution and Default
Route

ipv6 ospf network

Defines the network type.

ipv6 ospf neighbor

Specifies a neighbor.

ipv6 ospf priority

Configures the DR priority.

(Optional)TheconfigurationsarerecommendediftheOSPFroutingdomainisconnectedwithan
external network.
redistribute

Configures route redistribution.

default-information originate

Introduces a default route.

(Optional) It is used to reduce interaction of routing information and the size of routing table, and
Configuring the Stub/NSSA
Area

enhance stability of routes.
Area stub

Configures a stub area.

Area nssa

Configures a nssa area.

(Optional) It is used to reduce interaction of routing information and the size of routing table, and
enhance stability of routes.
Configuring Route
Summarization

arearange
summary-prefix

Summarizesroutes thatareadvertisedbetween
areas.
Summarizes routes that are introduced through
redistribution.

(Optional)It is used tomanuallycontrol interaction of routing information and filter available OSPF
routes.
Configuring Route Filtering

passive-interface
distribute-list out
distribute-listin

Configures a passive interface.
Filters routes that are introduced through
redistribution.
Filters received LSAs.

(Optional)Itisused tomanuallycontrol theshortestroute computedby OSPFand determine
whether to select an OSPF route preferentially.
auto-costreference-bandwidth
ModifyingtheRouteCost

ipv6 ospf cost

and AD
areadefault-cost
default-metric
distance

Modifies the reference bandwidth of the auto
cost.
Modifies the cost in the outbound direction of
an interface.
Modifies the cost of the default route in a
stub/nssa area.
Modifies the default metric of a redistributed
route.
Modifies the OSPF AD.

(Optional)ItisusedtopreventroutersthatillegallyaccessthenetworkandhoststhatforgeOSPF
packets from participating in the OSPF protocol process.
Enabling Authentication

areaauthentication
areaencryption
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Configuration

Description and Command
ipv6 ospf authentication
ipv6 ospf encryption

Enables authentication and sets the
authentication mode on an interface.
Enables encryption and authenticationand sets
the authentication mode on an interface.

(Optional) It is used to prevent the problem of performance deterioration caused by
over-consumption of the CPU.

Modifying the Maximum
Number of Concurrent

max-concurrent-dd

Neighbors
ipv6 router ospf max-concurrent-dd

Modifies the maximum number of con current
neighbors on the current OSPF process.
Modifies the maximum number of con current
neighbors on all OSPF processes.

(Optional) It is used to prevent the problem that the adjacency cannot be set up due to MTU
inconsistency on the neighbor interface.

Disabling MTU Verification

ipv6 ospf mtu-ignore

(Optional) It is used to prevent termination of the adjacency due to the delay or loss of Hello

Enabling Two-Way
Maintenance

Disables MTU verification on an interface.

packets.
two-way-maintain

Enables two-way maintenance.

(Optional)ItisusedtoretainOSPFroutingforwardingduring restartor active/standbyswitchover
Enabling GR

of the OSPF processes to prevent traffic interruption.
graceful-restart

Enables the restarter function.

graceful-restart helper

Enables the helper function.

(Optional) It is used to quickly discover the death of a neighbor to prevent traffic interruption when
a link is faulty.

Enabling Fast Hello

ipv6 ospf dead-intervalminimal hello-multiplier

Enabling the Fast Hello function on an
interface.

(Optional)ItisusedtoretainOSPFroutingforwardingduring restartor active/standbyswitchover
Enabling GR

of the OSPF processes to prevent traffic interruption.
graceful-restart

Enables the restarter function.

graceful-restart helper

Enables the helper function.

(Optional) It is used tomaintain OSPF route forwarding and prevent traffic interruption during an
OSPF process restart or active/standby switchover.

Enabling NSR
nsr

Enables the NSR function.
(Optional) It is used to quickly discover the death of a neighbor to prevent traffic interruption when
a link is faulty.

CorrelatingOSPFwithBFD

bfd all-interfaces
ipv6 ospf bfd

Correlates OSPF with BFD on all interfaces.
Correlates OSPF with BFD on the current
interface.

(Optional) The configurations enable users to use the SNMP network management software to
Configuring Network
Management Functions
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Enables the trap function of the OSPF process.
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Configuration

Description and Command
adjacency status.
(Optional) You are advised not to modify protocol control parameters unless necessary.
ipv6 ospf hello-interval
ipv6 ospf dead-interval
ipv6 ospf transmit-delay
ipv6 ospf retransmit-interval

Modifying Protocol Control
Parameters

timers throttle lsa all

Modifies the Hello interval on an interface.
Modifies the neighbor death interval on an
interface.
Modifies the LSU packet transmission delay on
an interface.
ModifiestheLSUpacketretransmission interval
on an interface.
Modifies parameters of the exponential backoff
algorithm that generates LSAs.

timerspacinglsa-group

Modifies the LSA group update interval.

timers pacing lsa-transmit

Modifies the LS-UPD packet sending interval.

timers lsa arrival
timers throttlespf
timers throttle route inter-area
timers throttle route ase

Modifies the delay after which the same LSA is
received.
Modifies the SPT computation timer.
Modifies the inter-area route computation
delay.
Modifies the inter-area route computation
delay.

5.4.1 Configuring OSPF Basic Functions

Configuration Effect



Set up an OSPF routing domain on the network to provide IPv6 unicast routing service for users on the network.

Notes



Ensure that the IPv6 routing function is enabled, that is, ipv6 routing is not disabled; otherwise, OSPF cannot be enabled.



IPv6 must be enabled on the interface.



It is strongly recommended that you manually configure the router ID.

Configuration Steps



Creating an OSPF Process



Mandatory.



The configuration is mandatory for every router.



Configuring a Router ID



(Optional) It is strongly recommended that you manually configure the router ID.



IftherouterIDisnotconfigured,OSPFselectsaninterfaceIPaddress.IftheIPaddressisnot configuredforanyinterface,orthe
configured IP addresses have been used by other OSPF instances, you must manually configure the router ID.



Enabling OSPF on an Interface and Specifying an Area ID
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Mandatory.



The configuration is mandatory for every router.

Verification



Run the show ipv6 route ospf command to verify that the entries of the OSPF routing table are correctly loaded.



Run the ping command to verify that the IPv6 unicast service is correctly configured.

Related Commands



Creating an OSPF Process

Command

ipv6 router ospfprocess-id [vrfvrf-name ]

Parameter

process-id: Indicates the OSPFv3 process ID. If the process ID is not specified, process 1 is enabled.

Description

vrf-name: Specifies the VPN routing and forwarding (VRF) to which the OSPFv3 process belongs.

Command

Global configuration mode

Mode
Usage Guide



After enabling the OSPFv3 process, the device enters the routing process configuration mode.

Configuring a Router ID

Command

router-idrouter-id

Parameter

router-id: Indicates the ID of the device, which is expressed in the IPv4 address.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

Every device where OSPFv3 run must be identified by using a router ID. You can configure any IPv4 address as the router
IDof the device,and ensurethat therouter IDisunique inan AS. IfmultipleOSPFv3 processesrunon thesame device,
the router ID of each process must also be unique.
After the router ID changes, OSPF performs a lot of internal processing. Therefore, you are advised not to change the
router ID unless necessary.When an attempt is made to modify the router ID, a prompt is displayed, requesting you to
confirmthemodification.AftertheOSPFv3processisenabled,youareadvisedtospecifytherouterIDbeforeconfiguring
other parameters of the process.



Enabling OSPF on an Interface and Specifying an Area ID

Command

ipv6 ospfprocess-id areaarea-id [instanceinstance-id]

Parameter

process-id: Indicates the ID of an OSPFv3 process. The value ranges from 1 to 65,535.

Description

Areaarea-id:Indicates theIDof theOSPFv3 areain whichtheinterfaceparticipates. It canbe an integer or anIPv4 prefix.
Instanceinstance-id:Indicates the IDof a specified OSPFv3 processof the interface.The value ranges from0 to 255.

Command

Interface configuration mode

Mode
Usage Guide

Run this command in interface configuration mode to enable the interface to participate in OSPFv3, and then run the
ipv6 router ospf command to configure the OSPFv3 process. After the OSPFv3 process is configured, the interface will
automatically participate in the related process.
Runthenoipv6ospfareacommandsothatthespecifiedinterfacenolongerparticipatesintheOSPFv3routingprocess.
Run the no ipv6 router ospf command so that all interfaces no longer participate in the OSPFv3 routing process.
The adjacency can be set up only between devices with the same instance-id.
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After this command is configured, all prefix information on the interface will participate in the OSPFv3 process.



Creating a Virtual Link

Command

area area-idvirtual-linkrouter-id [hello-interval seconds] [dead-intervalseconds] [retransmit-intervalseconds]
[transmit-delayseconds] [instanceinstance-id] [ authenticationipsec spispi[md5|sha1] [0|7] key] [ encryption ipsec
spispi esp null [md5|sha1] [0|7] key]

Parameter

area-id: Indicates the ID of the area where the virtual link is located. It can be an integer or an IPv4 prefix.

Description

router-id: Indicates the router ID of the neighbor connected to the virtual link.
dead-intervalseconds:Indicatesthe timethat thelocal interfaceof the virtual linkdetects the failureof the neighbor.The
unit is second. The value ranges from 1 to 65,535.
hello-intervalseconds:Indicates the time that the Hello packet is sent on the local interface of the virtual link.The unit is
second. The value ranges from 1 to 65,535.
retransmit-intervalseconds:Indicatestheinterval atwhichtheLSAisretransmittedonthelocalinterfaceofthevirtual
link. The unit is second. The value ranges from 1 to 65,535.
transmit-delayseconds:IndicatesthedelayafterwhichtheLSAissentonthe localinterfaceof thevirtuallink.Theunit is
second. The value ranges from 1 to 65,535.
instanceinstance-id:IndicatestheIDoftheinstancecorrespondingtothevirtuallink.Thevaluerangesfrom0to255.A
virtual link cannot be set up between devices with different instance IDs.
spi: Indicates the security parameter index (SPI). The value ranges from 256 to 4,294,967,295.
md5: Enables message digit 5 (MD5) authentication.
sha1: Enables Secure Hash Algorithm 1 (SHA1) authentication.
0: Indicates that the key is displayed in plain text.
7: Indicates that the key is displayed in cipher text.
key: Indicates the authentication key.
null: Indicates that no encryption mode is used.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Inan OSPFv3 AS, all areas must be connected to the backbone area toproperly learn therouting information of theentire
OSPFv3AS. If an area cannot bedirectlyconnected tothe backbone area, the virtual linkcanbe usedtoconnect thisarea
to the backbone area.
The area where the virtual link is located cannot be a stub or nssa area.
At both ends of neighbors between which the virtual link is set up, settings of hello-interval, dead-interval, and
instance must be consistent; otherwise, the adjacency cannot be set up properly.

Configuration Example
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Scenario
Figure 5-8

Remarks

The interface IP addresses are as follows:
A: GE 0/1 2001:1::1/64 GE 0/2 2001:2::1/64
B: GE 0/1 2001:1::2/64 GE 0/2 2001:3::1/64
C: GE 0/3 2001:2::2/64
D: GE 0/32001:3::2/64

Configuration



Configure the interface IP addresses on all routers.

Steps



Enable the IPv4 unicast routing function on all routers. (This function is enabled by default.)



Configure the OSPF instances and router IDs on all routers.



Enable OSPF on the interfaces configured on all routers.

A

A#configure terminal
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ipv6 enable
A(config-if-GigabitEthernet 0/1)#ipv6 address 2001:1::1/64
A(config-if-GigabitEthernet 0/1)#ipv6 ospf 1 area 0
A(config-if-GigabitEthernet 0/1)#exit
A(config)#interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#ipv6 enable
A(config-if-GigabitEthernet 0/2)#ipv6 address 2001:2::1/64
A(config-if-GigabitEthernet 0/2)#ipv6 ospf 1 area 1
A(config-if-GigabitEthernet 0/2)#exit
A(config)#ipv6 router ospf 1
A(config-router)#router-id1.1.1.1

B

B#configure terminal
B(config)#interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ipv6 enable
B(config-if-GigabitEthernet 0/1)#ipv6 address 2001:1::2/64
B(config-if-GigabitEthernet 0/1)#ipv6 ospf 1 area 0
B(config-if-GigabitEthernet 0/1)#exit
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B(config)#interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)#ipv6 enable
B(config-if-GigabitEthernet 0/2)#ipv6 address 2001:3::1/64
B(config-if-GigabitEthernet 0/2)#ipv6 ospf 1 area 2
B(config-if-GigabitEthernet 0/2)#exit
B(config)#ipv6 router ospf 1
B(config-router)#router-id2.2.2.2
C

C#configure terminal
C(config)#interface GigabitEthernet 0/3
C(config-if-GigabitEthernet 0/3)#ipv6 enable
C(config-if-GigabitEthernet 0/3)#ipv6 address 2001:2::2/64
C(config-if-GigabitEthernet 0/3)#ipv6 ospf 1 area 1
C(config-if-GigabitEthernet 0/3)#exit
C(config)#ipv6 router ospf 1
C(config-router)#router-id3.3.3.3

D

D#configure terminal
D(config)#interface GigabitEthernet 0/3
D(config-if-GigabitEthernet 0/3)#ipv6 enable
D(config-if-GigabitEthernet 0/3)#ipv6 address 2001:4::2/64
D(config-if-GigabitEthernet 0/3)#ipv6 ospf 1 area 2
D(config-if-GigabitEthernet 0/3)#exit
D(config)#ipv6 router ospf 1
D(config-router)#router-id4.4.4.4

Verification

A



Verify that the OSPF neighbors are correct on all routers.



Verify that the routing table is correctly loaded on all routers.



Verify that 2001:2::2/64 can be pinged successfully on Router D.

A#show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.2
3.3.3.31

Pri
1

State

DeadTime

Full/BDR

00:00:30

Full/BDR

00:00:35

0

InstanceID
0

Interface
GigabitEthernet 0/1

GigabitEthernet 0/2

A#show ipv6 route ospf

www.fs.com

941

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA2001:3::/64 [110/20] via FE80::2D0:F8FF:FE22:4524, GigabitEthernet 0/1
B

B# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID

Pri

State

DeadTime

InstanceID

Interface

1.1.1.11

Full/DR

00:00:30

0

GigabitEthernet 0/1

4.4.4.41

Full/BDR

00:00:35

0

GigabitEthernet 0/2

B#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA2001:2::/64 [110/20] via FE80::2D0:F8FF:FE22:4536, GigabitEthernet 0/1
C

C# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
1.1.1.11

Pri

State

Full/DR

DeadTime
00:00:30

0

InstanceID

Interface

GigabitEthernet 0/3

C#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
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Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA2001:1::/64 [110/2] via FE80::2D0:F8FF:FE22:4537, GigabitEthernet0/3
O IA2001:3::/64 [110/3] via FE80::2D0:F8FF:FE22:4537, GigabitEthernet0/3
D

D# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.21

Pri

State

Full/DR

DeadTime
00:00:30

InstanceID

0

Interface

GigabitEthernet 0/3

D#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA2001:1::/64 [110/2] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/3
O IA2001:2::/64 [110/3] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/3
D#
D#ping 2001:2::2
Sending 5, 100-byte ICMP Echoes to 2001:2::2, timeout is 2 seconds:
< press Ctrl+C to break >
!!!!!
Success rate is 100 percent (5/5), round-trip min/avg/max = 5/9/14 ms.
Common Errors



IPv6 is disabled on the interface.
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OSPF cannot be enabled because the IPv6 unicast routing function is disabled.



The area IDs enabled on adjacent interfaces are inconsistent.



The same router ID is configured on multiple routers, resulting in a router ID conflict.

5.4.2 SettingtheNetworkType

Configuration Effect



If the physical network is X.25, Frame Relay, or ATM, OSPF can also run to provide the IPv6 unicast routing service.

Notes



The OSPF basic functions must be configured.



The broadcast network sends multicast OSPF packets, automatically discovers neighbors, and elects a DR and a BDR.



The P2P network sends multicast OSPF packets and automatically discovers neighbors.



The NBMA network sends unicast OSPF packets. Neighbors must be manually specified, and a DR and a BDR must be elected.



The P2MP network (without carrying the non-broadcast parameter) sends multicast OSPF packets. Neighbors are automatically
discovered.



The P2MP network (carrying the non-broadcast parameter) sends unicast OSPF packets. Neighbors must be manually
specified.

Configuration Steps



Configuring the Interface Network Type



Optional.



Perform this configuration on routers at both ends of the link.



Configuring a Neighbor



(Optional)If the interface network type is set to NBMA or P2MP (carrying the non-broadcast parameter), neighbors must be
configured.



Neighbors are configured on routers at both ends of the NBMA or P2MP (carrying the non-broadcast parameter) network.



Configuring the Interface Priority



(Optional)You must configure the interface priority if a router must be specified as a DR, or a router cannot be specified as a DR.



Configure the interface priority on a router that must be specified as a DR, or cannot be specified as a DR.

Verification



Run the show ipv6 ospf interface command to verify that the network type of each interface is correct.

Related Commands



Configuring the Interface Network Type

Command

ipv6 ospf network {broadcast | non-broadcast |point-to-point |
point-to-multipoint[non-broadcast]}[instanceinstance-id]
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Parameter

broadcast: Indicates the broadcast network type.

Description

non-broadcast: Indicates the non-broadcast network type.
point-to-multipoint: Indicates the point-to-multipoint (P2MP) network type.
point-to-multipoint non-broadcast: Indicates the P2MP non-broadcast network type.
point-to-point: Indicates the point-to-point (P2P) network type.
instanceinstance-id:Indicates the IDof a specified OSPFv3 processof the interface.The value ranges from0 to 255.

Command

Interface configuration mode

Mode
Usage Guide



You can configure the network type of an interface based on the actual link type and topology.

Configuring a Neighbor

Command

ipv6 ospf neighbor ipv6-address{ [costcost] | [poll-intervalseconds | priorityvalue] }[instanceinstance-id]

Parameter

ip-address: Indicates the link address of theneighborinterface.

Description

costcost:IndicatesthecostrequiredfromtheP2MPnetworktoeachneighbor.Thecostisnot definedbydefault.Thecost
configured on the interface is used. The value ranges from 1 to 65,535. Only a P2MP network supports this option.
poll-interval seconds: Indicates the neighbor polling interval. The unit is second. The value ranges from 1 to
2,147,483,647. Only the non-broadcast (NBMA) network supports this option.
priorityvalue:Indicatesthe priorityvalue of thenon-broadcastnetworkneighbor.The value rangesfrom0to255. Only
the non-broadcast network (NBMA) supports this option.
instanceinstance-id:Indicates the IDof a specified OSPFv3 processof the interface.The value ranges from0 to 255.

Command

Interface configuration mode

Mode
Usage Guide



You can configure neighbor parameters based on the actual network type.

Configuring the Interface Priority

Command

ipv6 ospf priority number-value[instanceinstance-id]

Parameter

number-value: Indicates the priority of the interface. The value ranges from 0 to 255.

Description

instanceinstance-id:Indicates the IDof a specified OSPFv3 processof the interface.The value ranges from0 to 255.

Command

Interface configuration mode

Mode
Usage Guide

Ona broadcast network, a DR or BDR must be elected. During the DR/BDR election, the device witha higher priority will
be preferentially elected as a DR or BDR. If the priority is the same, the device with a larger router ID will be preferentially
elected as a DR or BDR.
A device with the priority 0 does not participate in the DR/BDR election.

Configuration Example



Configuring the Interface Network Type
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Scenario
Figure 5-9

Configuration



Enable IPv6 on interfaces of all routers.

Steps



Configure the OSPF basic functions on all routers.



Set the interface network type to P2MP on all routers.

A

A#configure terminal
A(config)# interface Serial1/0
A(config-Serial1/0)# encapsulation frame-relay
A(config-Serial1/0)# ipv6 ospf network point-to-multipoint

B

B#configure terminal
B(config)# interface Serial1/0
B(config-Serial1/0)# encapsulation frame-relay
B(config-Serial1/0)# ipv6 ospf network point-to-multipoint

C

C#configure terminal
C(config)# interface Serial1/0
C(config-Serial1/0)# encapsulation frame-relay
C(config-Serial1/0)# ipv6 ospf network point-to-multipoint

Verification
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A

A#show ipv6ospf interfaceSerial1/0
Serial1/0 is up, line protocol is up
Interface ID 2
IPv6 Prefixes
fe80::2d0:f8ff:fe22:3346/64 (Link-Local Address)
OSPFv3 Process (1), Area 0.0.0.1, Instance ID 0
Router ID 192.168.22.30,Network Type POINTOMULTIPOINT, Cost: 1
Transmit Delay is 1 sec, State Point-To-Point, Priority 1
Timer interval configured, Hello 30, Dead 120, Wait 40, Retransmit 10
Hello due in 00:00:06
Neighbor Count is 1, Adjacent neighbor count is 1
Hello received 40 sent 40, DD received 17 sent 9
LS-Req received 1 sent 3, LS-Upd received 6 sent 5
LS-Ack received 3 sent 4, Discarded 1

Common Errors



The network types configured on interfaces at two ends are inconsistent, causing abnormal route learning.



The network type is set to NBMA or P2MP (non-broadcast), but neighbors are not specified.

5.4.3 Configuring Route Redistribution and Default Route

Configuration Effect



Introduceunicastroutes forother ASdomains totheOSPF domain toprovidethe unicastroutingservice toother ASdomains
for users in the OSPF domain.



In the OSPF domain, inject a default route toanother AS domain so that the unicast routing service to another AS domain can
be provided for users in the OSPF domain.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Configuring External Route Redistribution



(Optional)This configuration is mandatory if external routes of the OSPF domain should be introduced to the ASBR.



Perform this configuration on an ASBR.



Generating a Default Route



(Optional)Performthisconfiguration ifthe defaultrouteshouldbe introducedtoan ASBR sothat other routersin theOSPF
domain access other AS domains through this ASBR by default.
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Perform this configuration on an ASBR.

Verification



On a router insidethe OSPF domain, run the show ipv6 routeospf command toverify that the unicast routes to other AS
domains are loaded.



Ona router insidethe OSPF domain, runthe show ipv6 routeospf command toverify that the default route tothe ASBR is
loaded.



Run the ping command to verify that the IPv6 unicast service to other AS domains is correct.

Related Commands



Configuring Route Redistribution

Command

redistribute {bgp | connected |isis[area-tag] |ospfprocess-id| rip | static}[{level-1 | level-1-2 | level-2} | match {internal |
external [1|2] | nssa-external [ 1 | 2 ]} | metric metric-value|metric-type {1|2} | route-map route-map-name
|tagtag-value]

Parameter

bgp: Indicates redistribution from BGP.

Description

connected: Indicates redistribution from direct routes.
isis [ area-tag ]: Indicates redistribution from IS-IS.area-tag specifies the IS-IS instance.
ospfprocess-id:Indicates redistribution from OSPF.process-id specifies an OSPF instance.The value ranges from 1 to
65535. 1-65535
rip: Indicates redistribution from RIP.
static: Indicates redistribution from static routes.
level-1|level-1-2|level-2:UsedonlywhenIS-ISroutesareredistributed.Onlytheroutesofthespecifiedlevelare
redistributed. By default, only level-2 IS-IS routes can be redistributed.
match: Used only when OSPF routes are redistributed. Only the routes that match the specified criteria are redistributed.
By default, all OSPF routes can be redistributed.
metricmetric-value: Indicates the metric of the OSPF external LSA. metric-value specifies the size of the metric. The value
ranges from 0 to 16,777,214.
metric-type {1|2}: Indicates the external route type, which can be E-1 or E-2.
route-maproute-map-name: Sets the redistribution filtering rules.
tagtag-value:SpecifiesthetagvalueoftheroutethatisredistributedintotheOSPFroutingdomain.Thevalueranges
from 0 to 4294967295.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Whenthe device supports multiple routing protocols, collaboration between protocols is very important. Torun multiple
routing protocols concurrently, the device must be able to redistribute routing information of a protocol to another
protocol. This applies to all routing protocols.
DuringredistributionofIS-ISroutes,level-1,level-2,orlevel-1-2canbeconfiguredtoindicatethatIS-ISroutesofthe
specified level(s) will be redistributed. By default, IS-IS routes of level 2 are redistributed.
During redistribution of OSPFv3 routes, match can be configured to indicate that OSPFv3 routes of the specified
sub-type will be redistributed. By default, all types of OSPFv3 routes are redistributed.
For the level parameter configured during redistribution of IS-IS routes and the match parameter configured during
redistributionof OSPFv3routes, theroutes arematchedagainst the routemap only when the sub-typeof theroutes are
correct.
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During configurationof routeredistribution, thematchrules configured inroute map configuration mode areused based
on the original information of routes. The priorities of tag, metric and metric-type in the route redistribution
configuration are lower than the priority of theset rulesconfigured in route map configuration mode.
Theset metricvalue oftheassociatedroutemap shouldfallintotherange of0to16,777,214. Ifthevalueexceeds this
range, routes cannot be introduced.
The configuration rules for the no form of the redistribute command are as follows:
1. If some parameters are specified in the no form of the command, default values of these parameters will be restored.
2. If no parameter is specified in the no form of the command, the entire command will be deleted.
For example, if redistribute isis 112 level-2 is configured, the no redistribute isis 112 level-2 command only restores
the default value of level-2. As level-2 itself is the default value of the parameter, the configuration saved is still
redistributeisis 112 level-2 after the preceding no formof the command is executed.Todelete the entire command,
you need to run the no redistribute isis 112 command.



Introducing a Default Route

Command

default-information originate [always] [metric metric] [metric-type type] [route-mapmap]

Parameter

always: Enables OSPF to generate a default route regardless of whether the local router has a default route.

Description

metricmetric:Indicatestheinitialmetricofthedefaultroute.Thevalue rangesfrom0to16,777,214. Bydefault,the
metric of the default route is 1.
metric-typetype:Indicatesthetypeofthedefaultroute.OSPFexternalroutesareclassifiedintotwotypes:Type1:The
metricvarieswithrouters;Type2:The metricisthesame forallrouters.Type1external routesaremoretrustworthythan
Type 2 externalroutes.
route-map map-name: Indicates the associated route-map name. By default, no route-map is associated.

Command

OSPF routing process configuration mode

Mode
Usage Guide

When the redistribute or default-information command is executed, the OSPFv3-enabled router automatically
becomes an ASBR.
The ASBR, however, does not automatically generate or advertise a default route to all routers in the OSPF routing
domain.Tohave the ASBR generate a default route, configure the default-information originatecommand.
Ifalways isspecified,theOSPFv3processadvertisesanexternal defaultroutetoneighborsnomatterwhetheradefault
routeexists in the corerouting table.This default route, however, is not displayed on the local router.Toconfirm whether
thedefaultrouteisgenerated,runtheshowipv6ospfdatabasecommand todisplaytheOSPFv3linkstatusdatabase.
On an OSPFv3 neighbor, you can run the show ipv6 route ospf command to see the default route.
The metric of the external default route can only be defined in the default-information originate command, instead of
the default-metric command.
OSPFv3 has two types of external routes.The metric of theType 1 external route changes, but the metric of theType 2
external route is fixed. If two parallel paths to the same destination network have the same route metric, the priority of
theType 1 routeis higher than that of theType 2 route.Therefore, the show ipv6routeospf command displays only the
Type 1 route.
A router in a stub area cannot generate an external default route.

Configuration Example



Configuring Route Redistribution
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Scenario
Figure 5-10

Configuration



Enable IPv6 on interfaces of all routers.

Steps



Configure the OSPF basic functions on all routers.



Introduce an external static route to Router D.

D

D#configure terminal
D(config)#ipv6 router ospf 1
D(config-router)# redistribute static

Verification

 OnRouterD,runtheshowipv6ospfdatabaseexternal briefcommandtoverifythatanLSAcorrespondingtoan
external route is generated.


D

On Router C, run the show ipv6 route ospf command to verify that the external static route has been introduced.

D#show ipv6 ospf database external
OSPFv3 Router with ID (4.4.4.4) (Process 1)
AS-external-LSA
LS age: 7
LS Type: AS-External-LSA
Link State ID: 0.0.0.6
Advertising Router: 4.4.4.4
LS Seq Number: 0x80000001
Checksum: 0x9C1F
Length: 36
Metric Type: 2 (Larger than any link state path)
Metric: 20
Prefix: 2001:10:10::/64
Prefix Options: 0 (-|-|-|-)
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C

C#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU-IS-IS summary,L1-IS-ISlevel-1,L2-IS-ISlevel-2
IA - Inter area

O E2 2001:10:10::/64 [110/20] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/2



Configuring the Default Route

Scenario
Figure 5-11

Configuration



Enable IPv6 on interfaces of all routers.

Steps



Configure the OSPF basic functions on all routers.



Configure the default route on Router D.

D

D#configure terminal
D(config)#ipv6 router ospf 1
D(config-router)#default-information originate always

Verification

 OnRouter D,runtheshowipv6ospf database externalbrief commandtoverifythat an LSAcorresponding tothe
default route is generated.
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D

D#show ipv6 ospf database external
OSPFv3 Router with ID (4.4.4.4) (Process 1)
AS-external-LSA
LS age: 3
LS Type: AS-External-LSA
Link State ID: 0.0.0.7
Advertising Router: 4.4.4.4
LS Seq Number: 0x80000001
Checksum: 0x1839
Length: 32
Metric Type: 2 (Larger than any link state path)
Metric: 1
Prefix: ::/0
Prefix Options: 0 (-|-|-|-)
External Route Tag: 1

C

C#show ipv6route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O E2::/0 [110/20] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/2
Common Errors



A route loop is formed because the default-information originate always command is configured on multiple routers.



Routes cannot be introduced because route redistribution is configured on a router in the stub area.

5.4.4 Configuring the Stub Area and NSSA Area

Configuration Effect



Configure an area located on the stub as a stub area to reduce interaction of routing information and the size of routing table,
and enhance stability of routes.
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Notes



The OSPF basic functions must be configured.



A backbone or transit area cannot be configured as a stub or an NSSA area.



A router in the stub area cannot introduce external routes, but a router in the NSSA area can introduce external routes.

Configuration Steps



Configuring a Stub Area



(Optional)Perform this configuration if you wish to reduce the size of the routing table on routers in the area.



Perform this configuration on all routers in the same area.



Configuring an NSSA Area



(Optional)Perform this configuration if you wish to reduce the size of the routing table on routers in the area and introduce
OSPF external routes to the area.



The area must be configured as an NSSA area on all routers in this area.

Verification



Verifying the Stub Area



On a router in the stub area, run the show ipv6 route command to verify that the router is not loaded with any external routes.



Verifying the NSSA Area



Ona router inthe NSSA area, run theshow ipv6ospf database command toverify that the introduced external route
generates Type 7 LSAs.



On a router in the backbone area, run the show ipv6 route command to verify that the router is loaded with external routes
introduced from the NSSA area.

Related Commands



Configuring a Stub Area

Command

areaarea-idstub [ no-summary ]

Parameter

area-id: Indicates the ID of the stub area. The value can be an integer or an IPv4 prefix.

Description

no-summary:Thisoptionisvalidonlyona theABRinastubarea.Ifthisoptionisspecified,theABRonlyadvertisesone
Type 3 LSA indicating the default route to the stub area, and does not advertise other Type 3 LSAs.

Command

OSPF routing process configuration mode

Mode
Usage Guide

An area located on the stub of a network can be configured as a stub area. Youmust run the area stub command on all
routersinastubarea.Devicesinastubareacannotlearntheexternalroutes(Type5LSAs)oftheAS.Inpractice,external
routes take up a large proportion of the link status database.Therefore, devices in a stub area can learn only a small
amount of routing information, which reduces the amount of system resources required to run the OSPFv3 protocol.
Bydefault, anABR ina stubarea willgenerateaType 3 LSAindicating thedefaultfault, and advertise theLSA tothestub
area. In this way, devices in the stub area can access devices outside the AS.
To configure a totally stub area, add the no-summary keyword when running the area stub command on the ABR.

www.fs.com

953

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring an NSSA Area

Command

areaarea-id nssa [ no-redistribution] [default-information-originate[metricvalue] [ metric-typetype ]] [no-summary]
[ translator [ stability-intervalseconds | always] ] [translate type7 suppress-fa]

Parameter

area-id: Indicates the ID of the NSSA area.

Description

no-redistribution:Select thisoption iftherouter isan NSSAABR and you want touseonly theredistributecommand to
introduce the routing information into a common area instead of an NSSA area.
default-information-originate: Indicates that a default Type 7 LSA is generated and introduced to the NSSA area. This
option takes effect only on an NSSA ABR or ASBR.
metricvalue: Specifies the metric of the generated default LSA. The value ranges from 0 to 16,777,214. The default value is
1.
metric-typetype:Specifiestheroutetype ofthegenerated defaultLSA.Thevaluesinclude1and 2.1representsN-1,and
2 represents N-2. The default value is 2.
no-summary: Prohibits the ABR in the NSSA area from sending summary LSAs (Type-3 LSA).
translator: Indicates that the NSSA ABR is a translator.
stability-intervalseconds: Indicates the stability interval after the NSSA ABR is changed from a translator to a
non-translator.The unit is second. The default value is 40. The value ranges from 0 to 2,147,483,647.
always: Indicates that the current NSSA ABR always acts as a translator.The default value isthe standby translator.
translate type7 suppress-fa: Indicates that the Type 5 LSA does not carry the forwarding address (FA) when the Type 7
LSA is converted to the Type 5 LSA.

Command

OSPF routing process configuration mode

Mode
Usage Guide

The default-information-originate parameter is used to generate a default Type 7 LSA. This parameter has different
functions on the ABR and the ASBR in the NSSA area. On the ABR, a Type 7 LSA default route is generated regardless of
whetherthedefaultrouteexistsintheroutingtable.OntheASBR (notanABR),aType7LSAdefaultrouteisgenerated
only when the default route exists in the routing table.
If the no-redistribution parameter is configured on the ASBR, other external routes introduced by OSPF through the
redistributecommandcannot beadvertisedtotheNSSAarea.Thisparameterisgenerallyusedwhenarouterinthe
NSSA area acts both as the ASBR and the ABR. It prevents external routing information from entering the NSSA area.
To further reduce the number of LSAs sent to the NSSA area, you can configure the no-summary parameter on the ABR
to prevent the ABR from sending the summary LSAs (Type 3 LSA) to the NSSA area.
area default-cost is used on an ABR or ASBR connected to the NSSAarea. This command configures the costof the
defaultroutesentfromtheABR/ASBRtotheNSSAarea.Bydefault,thecostofthedefaultroutesenttotheNSSAareais1.
If an NSSA area has two or more ABRs, the ABR with the largest router ID is elected by default as the translator for
converting Type 7 LSAs into Type 5 LSAs. If the current device is always the translator ABR for converting Type 7 LSAs into
Type 5 LSAs, use the translator always parameter.
If the translator role of the current device is replaced by another ABR, the conversion capability is retained during the
timespecifiedby stability-interval.If therouterdoesnot become atranslatoragainduring stability-interval,LSAsthat
are converted from Type 7 to Type 5 will be deleted from the AS after stability-interval expires.
Toprevent a routing loop, LSAs that are converted fromType 7toType 5 will be deleted fromthe AS immediately after
the current device loses the translator role even if stability-interval does not expire.
In the same NSSA area, it is recommended that translator always be configured on only one ABR.

Configuration Example



Configuring a Stub Area

www.fs.com

954

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Introduce an external static route to Router D.



Configure area 1 as the stub area on Router A and Router C.

D

D#configure terminal
D(config)#ipv6 router ospf 1
D(config-router)#redistribute static
A# configure terminal

A

A(config)#ipv6 router ospf 1
A(config-router)#area 1 stub no-summary
C#configure terminal

C

C(config)#ipv6 routerospf 1
C(config-router)#area 1 stub

Verification

 On Router C, run the show ipv6 route ospf command to display the routing table. Verify that there is only one
default inter-area route, and no external static route is introduced from Router D.

C

C#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA::/0 [110/3] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/2



Configuring an NSSA Area

www.fs.com

955

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Introduce an external static route to Router D.



Configure area 1 as the NSSA area on Router B and Router D.

D

D#configure terminal
D(config)#ipv6routerospf1
D(config-router)#area1nssa
D(config-router)#redistribute static

B

B#configure terminal
B(config)#ipv6 router ospf1
B(config-router)#area 1 nssa

Verification



OnRouterD,runtheshowipv6ospfdatabase commandtodisplaythedatabaseinformationand verifythatType
7 LSAs are generated.



On Router A, run the show ipv6 route ospf command to display the routing table and verify that an external static
route is introduced by Router D.
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D

D#show ipv6 ospf database nssa-external
OSPFv3 Router with ID (1.1.1.1) (Process 1)
NSSA-external-LSA (Area 0.0.0.1)
LS age: 1196
LS Type: NSSA-external-LSA
Link State ID: 0.0.0.3
Advertising Router: 1.1.1.1
LS Seq Number: 0x80000004
Checksum: 0x1F25
Length: 52
Metric Type: 2 (Larger than any link state path)
Metric: 20
Prefix: 2001:10::/64
PrefixOptions: 8 (P|-|-|-)
Forwarding Address: 4000::1

A

A#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O N2 2001:10::/64 [110/20] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/1
Common Errors



Configurations of the area type are inconsistent on routers in the same area.



External routes cannot be introduced because route redistribution is configured on a router in the stub area.

5.4.5 Configuring RouteSummarization

Configuration Effect



Summarize routes to reduce interaction of routing information and the size of routing table, and enhance stability of routes.
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Shield or filter routes.

Notes



The OSPF basic functions must be configured.



The address range of the summarize routemay exceed the actual network range in therouting table. If data is sent to a network
beyondthe summarizationrange, aroutingloop may beformed and therouter processing loadmayincrease.Toprevent these
problems, a discard route must be added to the routing table or shield or filter routes.

Configuration Steps



Configuring Inter-Area Route Summarization



(Optional) Perform this configuration when routes of the OSPF area need to be summarized.



Unless otherwise required, perform this configuration on an ABR in the area where routes to be summarized are located.



Configuring External Route Summarization



(Optional) Perform this configuration when routes external to the OSPF domain need to be summarized.



Unless otherwise required, perform this configuration on an ASBR, to which routes that need to be summarized are introduced.

Verification



Run the show ipv6 route ospf command to verify that individual routes do not exist and only the summarized route exists.

Related Commands



Configuring Inter-Area Route Summarization

Command

areaarea-idrangeipv6-prefix/prefix-length [advertise|not-advertise]

Parameter

area-id:SpecifiestheIDoftheOSPFareatowhichthesummarizedrouteshouldbeinjected.Thevaluecanbean

Description

integer or an IPv4 prefix.
ipv6-prefix/prefix-length: Indicates the range of IP addresses to be summarized.
advertise | not-advertise: Specifies whether the summarized route should be advertised.

Command

OSPF routing process configuration mode

Mode
Usage Guide

This command takes effect only on an ABR, and is used to summarize multiple routes in an area into a route and
advertise this route to other areas. Combination of the routing information occurs only on the boundary of an area.
Routers inside the area can learn specific routing information, whereas routers inother areas can learn only one
summarized route. In addition, you can set advertise or not-advertise to determine whether to advertise the
summarizedroutetoshieldand filterroutes. Bydefault,the summarized routeisadvertised.Youcan usethecost
parameter to set the metric of the summarized route.
You can configure route summarization commands for multiple areas. This simplifies routes in the entire OSPF
routing domain, and improves the network forwarding performance, especiallyfor a large-sized network.
When multiple route summarization commands are configured and have the inclusive relationship with each other,
the area range to be summarized is determined based on the maximum match principle.



Configuring External Route Summarization

Command
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Parameter

ipv6-prefix/prefix-length: Indicates the range of IP addresses to be summarized.

Description

not-advertise:Indicatesthatthesummarizedrouteisnot advertised.Ifthisparameterisnot specified,the
summarized route is advertised.
tagnumber: Specifies the tag value of the route that is redistributed into the OSPFv3 routing domain. The value
ranges from 0 to 4,294,967,295.

Command

OSPF routing process configuration mode

Mode
Usage Guide

When routes are redistributed from other routing processes and injected to the OSPFv3 routing process, each route is
advertisedtothe OSPFv3routers usingan external LSA. Iftheinjectedroutes areacontinuousaddressspace, the
ABR can advertise only one summarized route to significantly reduce the size of the routing table.
area range summarizes the routes between OSPFv3 areas, whereas summary-prefix summarizes external routes of
the OSPFv3 routing domain.
When configured on the NSSA ABR translator, summary-prefix summarizes redistributed routes and routes obtained
based on the LSAs that are converted fromType 7 toType 5. When configured on the ASBR (not an NSSA ABR
translator), summary-prefix summarizes only redistributed routes.

Configuration Example
Configuration
Steps
Figure 5-13

Remarks

The interface IPv6 addresses are as follows:
B: GE0/2 2001:16:2::1/64 GE0/3 2001:16:3::1/64
C: GE0/2 2001:16:2::2/64 GE0/1 2001:16:4::2/64
D: GE0/3 2001:16:3::2/64 GE0/1 2001:16:5::1/64

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Summarize routes of area 2 on Router B.

B

B#configure terminal
B(config)#ipv6 router ospf 1
B(config-router)#area 2 range 2001:16::/64

Verification
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A

A#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU-IS-IS summary,L1-IS-ISlevel-1,L2-IS-ISlevel-2
IA - Inter area

O IA 2001:16::/64 [110/2] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/1
Common Errors



Inter-area route summarization cannot be implemented because the area range command is configured on a non-ABR device.

5.4.6 Configuring Route Filtering

Configuration Effect



Routes that do not meet filtering conditions cannot be loaded to the routing table, or advertised to neighbors. Network users
cannot access specified destination network.

Notes



The OSPF basic functions must be configured.



Filtering routes by using the distribute-list in command affects forwarding of local routes, but does not affect route
computationbasedonLSAs.Therefore,ifroutefilteringisconfiguredontheABR,Type3LSAswillstillbegeneratedand
advertised to other areas because routes can still be computed based on LSAs. As a result, black-hole routes are generated. In
this case, you can run the area filter-list or area range (containing the not-advertise parameter) command on the ABR to
prevent generation of black-hole routes.

Configuration Steps



Configuring Inter-Area Route Filtering



(Optional) This configuration is recommended if users need to be restricted from accessing the network in a certain OSPF area.



Unless otherwise required, perform this configuration on an ABR in the area where filtered routes are located.



Configuring Redistributed Route Filtering



(Optional) Perform this configuration if external routes introduced by the ASBR need to be filtered.



Unless otherwise required, perform this configurationon an ASBR to which filtered routes are introduced.



Configuring Learned Route Filtering
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(Optional) Perform this configuration if users need to be restricted from accessing a specified destination network.



Unless otherwise required, perform this configurationon a router that requires route filtering.

Verification



Run the show ipv6 route command to verify that the router is not loaded with routes that have been filtered out.



Run the ping command to verify that the specified destination network cannot be accessed.

Related Commands



Configuring a Passive Interface

Command

passive-interface {default | interface-typeinterface-number }

Parameter

interface-type interface-number: Indicates the interface that should be configured as a passive interface.

Description

default: Indicates that all interfaces will be configured as passive interfaces.

Command

OSPF routing process configuration mode

Mode
Usage Guide

When an interface is configured as a passive interface, it no longer sends or receives Hello packets.
This command takes effect only on an OSPFv3-enabled interface, and not on a virtual link.



Configuring Redistributed Route Filtering

Command

distribute-list{name |prefix-listprefix-list-name}out[bgp|connected |isis[area-tag]|ospf process-id|rip|static]

Parameter

name: Uses the ACL for filtering.

Description

prefix prefix-list-name: Uses the prefix list for filtering.
bgp | connected | isis[area-tag] | ospf process-id| rip | static: Indicates the source of routes to be filtered.

Command

OSPF routing process configuration mode

Mode
Usage Guide

distribute-list out is similar to redistribute route-map, and is used to filter routes that are redistributed from other
protocols to OSPFv3. The distribute-list out command itself does not redistribute routes, and is generally used together
with the redistribute command. The ACL and the prefix list filtering rules are mutually exclusive in the configuration.
That is, if the ACL is used for filtering routes coming from a certain source, the prefix list cannot be configured to filter the
same routes.



Configuring Learned Route Filtering

Command

distribute-list{name | prefix-list prefix-list-name}in [interface-typeinterface-number]

Parameter

name: Uses the ACL for filtering.

Description

prefixprefix-list-name: Uses the prefix list for filtering.
interface-type interface-number: Specifies the interface for which LSA routes are filtered.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Filterroutes that are computed based on received LSAs. Only routes meeting thefilteringconditions can be forwarded.
The command does not affect the LSDB or the routing tables of neighbors. The ACL and the prefix list filtering rules are
mutuallyexclusive inthe configuration.That is, if the ACL is usedfor filteringroutes on a specified interface, theprefix list
cannot be configured to filter routes on the same interface.
Filtering routes by using the distribute-list in command affects forwarding of local routes, but does not affect route
computation based on LSAs.Therefore, if route filteringisconfigured onthe ABR, Type 3 LSAs willstill be generated and
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advertised to other areas because routes can still be computed based on LSAs. As a result, black-hole routes are
generated.Inthiscase,youcanrunthearearange(containingthenot-advertiseparameter)command ontheABRto
prevent generation of black-hole routes.
Configuration Example
Scenario
Figure 5-14

Remarks

The interface IPv6 addresses are as follows:
B: GE0/2 2001:16:2::1/64 GE0/3 2001:16:3::1/64
C: GE0/2 2001:16:2::2/64 GE0/1 2001:16:4::2/64
D: GE0/3 2001:16:3::2/64 GE0/1 2001:16:5::1/64

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, configure route filtering.

A

A#configure terminal
A(config)#ipv6 access-list test
A (config-ipv6-acl)#permit ipv6 2001:16:5::/64 any
A(config)#ipv6 router ospf 1
A(config-router)#distribute-list test in GigabitEthernet0/1

Verification
A

 On Router A, check the routing table. Verify that only the entry 2001:16:5::/64 is loaded.
A#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

O IA 2001:16:5::/64 [110/2] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/1
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Common Errors



Filtering routes by using the distribute-list in command affects forwarding of local routes, but does not affect route
computationbasedonLSAs.Therefore,ifroutefilteringisconfiguredontheABR,Type3LSAswillstillbegeneratedand
advertised to other areas because routes can still be computed based on LSAs. As a result, black-hole routes are generated.

5.4.7 Modifying the Route Cost and AD

Configuration Effect



Change the OSPF routes so that the traffic passes through specified nodes or bypasses specified nodes.



Change the sequence that a router selects routes so as to change the priorities of OSPF routes.

Notes



The OSPF basic functions must be configured.



If you run the ipv6 ospf cost command to configure the cost of an interface, the configured cost will automatically overwrite
the cost that is computed based on the auto cost.

Configuration Steps



Configuring the Reference Bandwidth



Optional.



A router is connected with lines with different bandwidths.This configuration is recommended if you wish to preferentially
select the line with a larger bandwidth.



Configuring the Cost of an Interface



Optional.



A router is connected with multiple lines. This configuration is recommended if you wish to manually specify a preferential line.



Configuring the Default Metric for Redistribution



Optional.



Thisconfigurationismandatoryifthecostof external routesof theOSPFdomain shouldbe specifiedwhen external routes are
introduced to an ASBR.



Configuring the Maximum Metric



Optional.



A router may be unstable during the restart process or a period of time after the router is restarted, and users do not want to
forward data through this router. In this case, this configuration is recommended.



Configuring the AD



Optional.



Perform this configuration if you wish to change the priorities of OSPF routes on a router that runs multiple unicast routing
protocols.

Verification
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Run the show ipv6 ospf interface command to verify that the costs of interfaces are correct.



Run the show ipv6 route command to verify that the costs of external routes introduced by the ASBR are correct.



Restart the router. Within a specified period of time, data is not forwarded through the restarted router.

Related Commands



Configuring the Reference Bandwidth

Command

auto-cost reference-bandwidth ref-bw

Parameter

ref-bw: Indicates the reference bandwidth. The unit is Mbps. The value ranges from 1 to 4,294,967.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

Youcan run the ipv6 ospf cost command in interface configuration mode to specify the cost of the interface. The priority
of this cost is higher than that of the metric computed based on the reference bandwidth.



Configuring the Cost of an Interface

Command

ipv6 ospf cost cost[instanceinstance-id]

Parameter

cost: Indicates the cost of an OSPF interface. The value ranges from 0 to 65,535.

Description

instanceinstance-id:Indicates the IDof a specified OSPFv3 processof the interface.The value ranges from0 to 255.

Command

Interface configuration mode

Mode
Usage Guide

By default,the costof an OSPFv3 interfaceisequal to100 Mbps/Bandwidth, whereBandwidth isthe bandwidth of the
interface and configured by the bandwidth command in interface configuration mode.
The costs of OSPF interfaces on several typical lines are as follows:



64 Kbps serial line: The cost is 1562.



E1 line: The cost is 48.



10M Ethernet: The cost is 10.



100M Ethernet: The cost is 1.

If you run the ipv6 ospf cost command to configure the cost of an interface, the configured cost will automatically
overwrite the cost that is computed based on the auto cost.



Configuring the Cost of the Default Route in a Stub/NSSA Area

Command

areaarea-id default-costcost

Parameter

area-id: Indicates the ID of the stub/nssa area.

Description

cost:Indicatesthecostof thedefaultsummarizedrouteinjectedtothestub/nssaarea.Thevalue rangesfrom0to
16,777,215.

Command

OSPF routing process configuration mode

Mode
Usage Guide



This command takes effect only on an ABR in a stub/nssa area.

Configuring the Default Metric for Redistribution

Command

default-metric metric

Parameter

metric: Indicates the default metric of the OSPF redistributed route. The value ranges from 1 to 16,777,214.

Description
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Command

OSPF routing process configuration mode

Mode
Usage Guide

The default-metric command must be used together with the redistribute command to modify the initial metrics of all
redistributedroutes.The default-metric command does not takeeffecton external routesthat areinjected tothe OSPF
routing domain by the default-information originate command.
The default metric of a redistributed direct route is always 20.



Configuring the AD

Command

distance { distance | ospf{ [ intra-area distance ] [ inter-area distance] [ external distance]} }

Parameter

distance: Indicates the AD of a route. The value ranges from 1 to 255.

Description

intra-areadistance: Indicates the AD of an intra-area route. The value ranges from 1 to 255.
inter-area distance: Indicates the AD of an inter-area route. The value ranges from 1 to 255.
external distance: Indicates the AD of an external route.The value ranges from1 to255.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Use this command to specify different ADs for different types of OSPF routes.
The AD allows different routing protocols tocompare route priorities.A smaller AD indicates a higher routepriority.
The priorities of routes generated by different OSPFv3 processes must be compared based on ADs.
If the AD of a route entry is set to 255, the route entry is not trustworthy and does not participate in packet forwarding.

Configuration Example
Scenario
Figure 5-15

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, configure the cost of each interface.

A

A#configure terminal
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ipv6 ospf cost 10
A(config)#interface GigabitEthernet0/2
A(config-if-GigabitEthernet 0/2)#ipv6 ospf cost 20

Verification
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A

A#show ipv6 route ospf

IPv6 routing table name - Default - 0 entries
Codes: C- Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU-IS-IS summary,L1-IS-ISlevel-1,L2-IS-ISlevel-2
IA - Inter area

O E2 2001:16:1::/64 [110/2] via FE80::2D0:F8FF:FE22:4547, GigabitEthernet 0/1
Common Errors



If the cost of an interface isset to 0 inthe ipv6 ospf cost command, a route computation error may occur.For example, a
routing loop is obtained.

5.4.8 Enabling Authentication

Configuration Effect



All routers connected to the OSPF network must be authenticated to ensure stability of OSPF and protect OSPF against
intrusions.

Notes



The OSPF basic functions must be configured.



If authentication is configured for an area, the configuration takes effect on all interfaces that belong to this area.



If authentication is configured for both an interface and the area to which the interface belongs, the configuration for the
interface takes effect preferentially.

Configuration Steps



Configuring Authentication



Optional.



Perform this configuration if a router accesses a network that requires authentication.



Configuring Encryption



Optional.



Perform this configuration if a router accesses a network that requires encryption.



Configuring Virtual Link Authentication



Optional.
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Perform this configuration if a router accesses a network that requires authentication.



Configuring Virtual Link Encryption



Optional.



Perform this configuration if a router accesses a network that requires encryption.

Verification



If routers are configured withdifferent authentication keys, run the show ipv6 ospf neighbor command to verify that there is
no OSPF neighbor.



If routers areconfigured with the sameauthentication key, run the show ipv6 ospf neighbor command to verify that there are
OSPF neighbors.

Related Commands



Configuring Area-based Authentication

Command

areaarea-idauthenticationipsec spispi[md5[string-key]|sha1] [0 | 7 ] key

Parameter

area-id: Indicates the area ID.The value can be an integer or an IPv4 prefix.

Description

spi: Indicates the SPI. The value ranges from 256 to 4,294,967,295.
md5: Enables MD5 authentication.
string-key: Indicates that MD5 authentication key supports special characters.
sha1: Enables SHA1 authentication.
0: Indicates that the key is displayed in plain text.
7: Indicates that the key is displayed in cipher text.
key: Indicates the authentication key.

Command

OSPF routing process configuration mode

Mode
Usage Guide

The FSOS supports three authentication types:



No authentication



MD5 authentication



SHA1 authentication

Configuration of area-based authentication for OSPFv3 takes effect on all interfaces (except virtual links) in the area, but
the interface-based authentication configuration takes precedence over the area-based configuration.



Configuring Area-based Encryption and Authentication

Command

areaarea-idencryption ipsec spispi esp[ null|[ des | 3des ][ 0 | 7 ] des-key][md5|sha1] [0|7] key

Parameter

area-id: Indicates the area ID.The value can be an integer or an IPv4 prefix.

Description

spi: Indicates the SPI. The value ranges from 256 to 4,294,967,295.
null: Indicates that no encryption mode is used.
des: Indicates that the Data Encryption Standard (DES) mode is used.
3des: Indicates that the Triple DES (3DES) mode is used.
des-key: Indicates the encryption key.
md5: Enables MD5 authentication.
sha1: Enables SHA1 authentication.
0: Indicates that the key is displayed in plain text.
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7: Indicates that the key is displayed in cipher text.
key: Indicates the authentication key.
Command

OSPF routing process configuration mode

Mode
Usage Guide

The FSOS supports two encryption modes and two authentication modes.
The two encryption modes are as follows:



DES



3DES

The two authentication modes are as follows:



MD5



SHA1

Configuration of area-based encryption and authentication for OSPFv3 takes effect on all interfaces (except virtual links)
inthearea, but theinterface-basedencryptionandauthenticationconfigurationtakesprecedenceoverthearea-based
configuration.



Configuring Interface-based Authentication

Command

ipv6 ospfauthentication[ null | ipsec spispi[md5[string-key]|sha1] [0|7]key][instanceinstance-id]

Parameter

area-id: Indicates the area ID.The value can be an integer or an IPv4 prefix.

Description

spi: Indicates the SPI. The value ranges from 256 to 4,294,967,295.
md5: Enables MD5 authentication.
string-key: Indicates that MD5 authentication key supports special characters.
sha1: Enables SHA1 authentication.
0: Indicates that the key is displayed in plain text.
7: Indicates that the key is displayed in cipher text.
key: Indicates the authentication key.
instance instance-id: Indicates the IDof a specifiedOSPFv3 process of theinterface.The value ranges from0 to255.

Command

OSPF routing process configuration mode

Mode
Usage Guide

The FSOS supports three authentication types:



No authentication



MD5 authentication



SHA1 authentication

OSPFv3 authentication parameters configured on interconnected interfaces must be consistent.



Configuring Interface-based Encryptionand Authentication

Command

ipv6ospfencryption ipsec spispi esp[ null|[ des | 3des ][ 0 | 7 ] des-key][md5|sha1] [0|7] key[instanceinstance-id]

Parameter

spi: Indicates the SPI. The value ranges from 256 to 4,294,967,295.

Description

null: Indicates that no encryption mode is used.
des:Indicatesthat theDES mode isused.
3des: Indicates that the3DES mode is used.
des-key: Indicates the encryption key.
md5: Enables MD5 authentication.
sha1: Enables SHA1 authentication.
0: Indicates that the key is displayed in plain text.
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7: Indicates that the key is displayed in cipher text.
key: Indicates the authentication key.
instance instance-id: Indicates the IDof a specifiedOSPFv3 process of theinterface.The value ranges from0 to255.
Command

OSPF routing process configuration mode

Mode
Usage Guide

The FSOS supports two encryption modes and two authentication modes.
The two encryption modes are as follows:



DES



3DES

The two authentication modes are as follows:



MD5



SHA1

OSPFv3encryptionandauthenticationparametersconfiguredonthelocalinterfacemustbeconsistentwiththose
configured on the interconnected interfaces.
Configuration Example
Scenario
Figure 5-16

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure MD5 authentication for interfaces of all routers.

A

A#configure terminal
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)#ipv6ospfauthenticationipsecspi256md501234567890123456789012345678912

B

B# configure terminal
B(config)#interface GigabitEthernet 0/3
B(config-if-GigabitEthernet0/3)#ipv6ospfauthenticationipsecspi256md501234567890123456789012345678912

Verification

 On Router A and Router B, verify that the OSPF neighbor status is correct.

A

A# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.2
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Pri
1

State

Dead Time

Full/DR

00:00:38

Instance ID
0

Interface
GigabitEthernet 0/1
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B

B# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID

Pri

1.1.1.1

1

State

Dead Time

Full/BDR

00:00:38

Instance ID
0

Interface
GigabitEthernet 0/1

Common Errors



The configured authentication modes are inconsistent.



The configured authentication keys are inconsistent.

5.4.9 Modifying the Maximum Number of Concurrent Neighbors

Configuration Effect



Control the maximum number of concurrent neighbors on the OSPF process to ease the pressure on the device.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Configuring the Maximum Number of Concurrent Neighbors on the OSPF Process



(Optional)This configurationisrecommended ifyou wishtosetuptheOSPFadjacencymorequicklywhen arouter is
connected with a lot of other routers.



Perform this configuration on a core router.

Verification



Run the show ipv6 ospf neighbor command to display the number of neighbors that are concurrently interacting with the
OSPF process.

Related Commands



Configuring the Maximum Number of Concurrent Neighbors on the Current Process

Command

max-concurrent-ddnumber

Parameter

number:SpecifiesthemaximumnumberofneighborsthatareconcurrentlyinteractingwiththeOSPFprocess.The value

Description

ranges from 1 to 65,535.

Command

OSPF routing process configuration mode

Mode
Usage Guide

When the performance of a router is affected because the router exchanges data with multiple neighbors, you can
configurethiscommand torestrictthemaximum of neighborswithwhicheachOSPFprocesscanconcurrentlyinitiateor
accept interaction.



Configuring the Maximum Number of Concurrent Neighbors on All Processes

Command

Ipv6 router ospf max-concurrent-ddnumber

Parameter

number:SpecifiesthemaximumnumberofneighborsthatareconcurrentlyinteractingwiththeOSPFprocess.The value
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Description

ranges from 1 to 65,535.

Command

Global configuration mode

Mode
Usage Guide

When the performance of a router is affected because the router exchanges data with multiple neighbors, you can
configurethiscommand torestrict themaximumof neighborswithwhichallOSPFprocessescanconcurrentlyinitiateor
accept interaction.

Configuration Example
Scenario
Figure 5-17

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On the Router Core, set the maximum number of concurrent neighbors to 4.

Core

Core# configure terminal
Core(config)# ipv6 router ospf max-concurrent-dd 4

Verification

 On the Router Core, check the neighbor status and verify that at most eight neighbors concurrently interact with the
OSPF process.

Common Errors
N/A
5.4.10 Type-9 LSA Carrying IPv6 Prefix

Configuration Effect



Type-9 LSA generated by the router carries IPv6 prefix not address.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Configure Type-9 LSA Carrying IPv6 Prefix



(Optional) It is recommended to run this command to connect with quagga or other vendors’ products.

www.fs.com

971

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Perform this configuration on all routers.

Verification



Check whether type-9 LSA carrying IPv6 prefix.

Related Commands



Configuring Type-9 LSA Carrying IPv6 Prefix

Command

Ipv6 router ospf compatible lsa type-9

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Bydefault,type-9 LSAcarriesIPv6address.If thedeviceisconnected withquagga,an errorwilloccurbecausethetype-9
LSA generated by quagga carries IPv6 prefix. If quagga exists in the topology, this command should be configured.

Configuration Example
Scenario

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Run this command on all routers. (This function is disabled by default.)

A# configure terminal

A

A(config)# ipv6 router ospf compatible lsa type-9
B# configure terminal

B

B(config)# ipv6 router ospf compatible lsa type-9

Verification



A

A# show ipv6 ospf neighbor

Check the OSPF neighbor and the prefix of type-9 LSA on router A.

OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.2

Pri
1

State

Dead Time

Full/DR

00:00:38

Instance ID
0

Interface
GigabitEthernet 0/1

Common Errors
N/A
5.4.11 Disabling MTU Verification

Configuration Effect



The unicast routing service can be provided even if the MTUs of interfaces on neighbor routers are different.
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Notes



The OSPF basic functions must be configured.

Configuration Steps



Disabling MTUVerification



(Optional) MTU verification is disabled by default. You are advised to retain the default configuration.



Perform this configuration on two routers with different interface MTUs.

Verification



The adjacency can be set up between routers with different MTUs.

Related Commands



Disabling MTUVerification

Command

Ipv6 ospf mtu-ignore

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Onreceivingthedatabasedescriptionpacket,OSPFcheckswhethertheMTUoftheinterfaceontheneighboristhesame
asthe MTUof itsown interface.If the interface MTU specifiedin thereceived databasedescription packetis greater than
theMTUofthelocalinterface,theadjacencycannotbesetup.Toresolvethisproblem,youcandisableMTUverification.

Configuration Example
Scenario
Figure 5-18

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure different MTUs for interfaces on two routers.



Disable MTU verification on all routers. (By default, the function of disabling MTU verification is enabled.)

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ipv6 mtu 1400
A(config-if-GigabitEthernet 0/1)#ipv6 ospf mtu-ignore
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B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ipv6 mtu 1600
B(config-if-GigabitEthernet 0/1)# ipv6 ospf mtu-ignore

Verification

 On Router A, verify that the OSPF neighbor information is correct.

A

A# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.2

Pri
1

State

Dead Time

Full/DR

00:00:38

Instance ID
0

Interface
GigabitEthernet 0/1

Common Errors
N/A
5.4.12 Enabling Two-Way Maintenance

Configuration Effect



Non-Hello packets can also be used to maintain the adjacency.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Enabling Two-WayMaintenance



(Optional) This function is enabled by default. You are advised to retain the default configuration.



Perform this configuration on all routers.

Verification



Non-Hello packets can also be used to maintain the adjacency.

Related Commands



Enabling Two-WayMaintenance

Command

two-way-maintain

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

Ona largenetwork, alot of packetsmay be sent or received, occupying too muchCPU and memory. As a result,some
packetsaredelayedordiscarded.IftheprocessingtimeofHellopacketsexceedsthedeadinterval,theadjacencywillbe
destroyedduetotimeout.Ifthetwo-waymaintenance functionisenabled, inadditiontothe Hellopackets,theDD, LSU,
LSR, and LSAck packets can also be used to maintain the bidirectional communication between neighbors when a large
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number of packetsexist on the network.This preventstermination of the adjacency caused by delayed or discarded Hello
packets.
Configuration Example
Scenario
Figure 5-19

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, enable the two-way maintenance function. (This function is enabled by default.)

A

A# configure terminal
A(config)# ipv6 routerospf 1
A(config-router)#two-way-maintain

Verification

 When the adjacency is being set up, Router A checks the neighbor dead interval and updates the dead interval
without waiting for Router B to send a Hello packet.

A

A# show ipv6 ospfneighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.2

Pri
1

State

Dead Time

Full/DR

00:00:38

Instance ID
0

Interface
GigabitEthernet 0/1

Common Errors
N/A
5.4.13 Correlating OSPF with BFD

Configuration Effect



Oncea linkis faulty, OSPF can quickly detect the failureof the route.This configuration helps shortenthe traffic interruption
time.

Notes



The OSPF basic functions must be configured.



The BFD parameters must be configured for the interface in advance.



If BFD is configured for both a process and an interface, the interface-based configuration takes effect preferentially.

Configuration Steps



Correlating OSPF with BFD



(Optional) Perform this configuration if you wish to accelerate OSPF network convergence.



Perform this configuration on routers at both ends of the link.
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Verification



Run the show bfd neighbor command to verify that the BFD neighbors are normal.

Related Commands



Correlating an OSPF Interface with BFD

Command

Ipv6 ospf bfd [ disable ]

Parameter

disable: Disables BFD for link detection on a specified OSPF-enabled interface.

Description
Command

Interface configuration mode

Mode
Usage Guide

The interface-based configuration takes precedence over the bfd all-interfaces command used in process configuration
mode.
Based on the actual environment, you can run the ipv6 ospf bfdcommand to enable BFD on a specified interface for link
detection,orrunthebfdall-interfacescommandinOSPFprocessconfigurationmodetoenableBFDon allinterfaceof
the OSPF process, or run the ipv6 ospf bfd disable command to disable BFD on a specified interface.



Correlating an OSPF Process with BFD

Command

bfd all-interfaces

Parameter

N/A

Description
Command

OSPF process configuration mode

Mode
Usage Guide

OSPF dynamically discovers neighbors through the Hello packets. After OSPF enables the BFD function, a BFD session will
be set up to achieve the full adjacency, and use the BFD mechanism to detect the neighbor status. Once a neighbor
failure is detected through BFD, OSPF performs network convergence immediately.
Youcan also run the ipv6 ospf bfd [disable] command in interface configuration mode to enable or disable the BFD
functiononaspecifiedinterface,andthisconfigurationtakesprecedenceoverthebfdall-interfacescommandusedin
OSPF process configuration mode.

Configuration Example
Scenario
Figure 5-20

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Configure the BFD parameters for interfaces of all routers.



Correlate OSPF with BFD on all routers.
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A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)#bfd interval 200 min_rx 200 multiplier 5
A(config)# ipv6 router ospf 1
A(config-router)#bfd all-interfaces

B

B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 2/1)#bfd interval 200 min_rx 200 multiplier 5
B(config)# ipv6 router ospf 1
B(config-router)#bfd all-interfaces

Verification



On Router A and Router B, verify that the BFD state is Up.

 DisconnectRouterBfromtheswitch.On Router A, verifythat aneighbor isfound disconnectedduringBFD, and the
corresponding OSPF route is deleted.
A

A# show ipv6 ospf neighbor
OSPFv3Process(1), 1Neighbors,1 isFull:
Neighbor ID
2.2.2.2

B

Pri
1

State

BFD State

Full/BDR

Up

Dead Time
00:00:35

Instance ID

Interface

0

GigabitEthernet 0/1

B# show ipv6 ospf neighbor
OSPFv3Process(1), 1Neighbors,1 isFull:
Neighbor ID
1.1.1.1

Pri
1

State

BFD State

Full/DR

Up

Dead Time
00:00:35

Instance ID

Interface

0

GigabitEthernet 0/1

Common Errors
N/A
5.4.14 Enabling GR

Configuration Effect



When a distributed route switches services fromthe active board tothe standby board, trafficforwarding continues and is not
interrupted.



When the OSPF process is being restarted, data forwarding continues and is not interrupted.

Notes



The OSPF basic functions must be configured.



The neighbor router must support the GR helper function.



The grace period cannot be shorter than the neighbor dead time of the neighbor router.

Configuration Steps
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Configuring the OSPF GR Function



(Optional) This function is enabled by default. You are advised to retain the default configuration.



Perform this configuration on routers where hot standby switchover is triggered or the OSPF process is restarted.



Configuring the OSPF GR Helper Function



(Optional) This function is enabled by default. You are advised to retain the default configuration.



Performthisconfiguration on a router if hot standby switchover is triggered or the OSPF processis restarted on a neighbor of
this router.

Verification



When a distributed router switches services from the activeboard tothe standby board, data forwardingcontinues and the
traffic is notinterrupted.



When the OSPF process is being restarted, data forwarding continues and the traffic is not interrupted.

Related Commands



Configuring the OSPF GR Function

Command

graceful-restart [ grace-periodgrace-period|inconsistent-lsa-checking ]

Parameter

grace-period grace-period: Indicates the grace period, which is the maximum time from occurrence of an OSPF failure to

Description

completion of the OSPF GR. The value of the grace period varies from 1s to 1800s. The default value is 120s.
inconsistent-lsa-checking: Enables topological change detection. If any topological change is detected, OSPF exits the
GR process to complete convergence.After GR is enabled, topological change detection is enabled by default.

Command

OSPF routing process configuration mode

Mode
Usage Guide

TheGRfunctionisconfiguredbasedontheOSPFprocess.YoucanconfiguredifferentparametersfordifferentOSPF
processes based on the actual conditions. This command is used to configure the GR restarter capability of a device. The
grace period is the maximum time of the entire GR process, during which link status is rebuilt so that the original state of
theOSPF processisrestored.After thegraceperiod expires,OSPFexitstheGRstateand performscommonOSPF
operations.
Run the graceful-restart command to set the grace period to 120s. The graceful-restart grace-period command allows
you to modify the grace period explicitly.
Theprecondition for successfulexecution of GRand uninterrupted forwarding isthatthe topology remains stable.If the
topology changes, OSPF quickly converges without waiting for further execution of GR, thus avoiding long-time
forwarding black-hole.



Disablingtopology detection: IfOSPF cannot convergeintimewhen thetopologychanges during thehot standby
process, forwarding black-hole may appear in a long time.



Enabling topology detection: Forwarding may be interrupted when topology detection is enabled, but the
interruption time is far shorter than that when topology detection is disabled.

In most cases, it is recommended that topology detection be enabled. In special scenarios, topology detection can be
disabled if the topology changes after the hot standby process, but it can be ensured that the forwarding black-hole will
not appear in a long time. This can minimize the forwarding interruption time during the hot standby process.
If the Fast Hello function is enabled, the GR function cannot be enabled.



Configuring the OSPF GR Helper Function
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Command

graceful-restart helper { disable |strict-lsa-checking | internal-lsa-checking}

Parameter

disable: Prohibits a device from acting as a GR helper for another device.

Description

strict-lsa-checking:IndicatesthatchangesinType1toType5andType7LSAswillbecheckedduringtheperiodthat
thedevice actsas a GR helper todetermine whether the network changes. If the network changes, the devicewill stop
acting as the GR helper.
internal-lsa-checking:Indicatesthat changesinType1toType3LSAswillbecheckedduringtheperiodthatthedevice
actsas a GRhelper todetermine whether the network changes. If the network changes, the devicewillstop acting as the
GR helper.

Command

OSPF routing process configuration mode

Mode
Usage Guide

Thiscommand isusedtoconfigure theGRhelper capabilityof arouter.Whena neighbor router implementsGR, itsends
a Grace-LSA to notify all neighbor routers. If the GR helper function is enabled on the local router, the local router
becomes the GR helper on receiving the Grace-LSA, and helps the neighbor to complete GR. The disable option indicates
that GR helper is not provided for any device that implements GR.
Afteradevicebecomes theGRhelper,thenetworkchanges arenot detectedby default.Ifany change takesplaceon the
network, the network topology converges after GR is completed. If you wish that network changes can be quickly
detected during the GR process, you can configure strict-lsa-checking to check Type 1 to 5 and Type 7 LSAs that indicate
the network information or internal-lsa-checking to check Type 1 to 3 LSAs that indicate internal routes of the AS
domain. When the network scale is laFSe, it is recommended that you disable the LSA checking options
(strict-lsa-checkingandinternal-lsa-checking)becauseregionalnetworkchangesmaytriggerterminationofGRand
consequently reduce the convergence of the entire network.

Configuration Example
Scenario
Figure 5-21

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



On Router A, Router C, and Router D, enable the GR helper function. (This function is enabled by default.)



On Router B, enable the GR function.

B

B# configure terminal
B(config)# ipv6 router ospf1
B(config-router)# graceful-restart
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Verification

 Trigger a hot standby switchover on Router B, and verify that the routing tables of destination Network 1 and
Network 2 remain unchanged on Router A during the switchover.



Trigger a hot standby switchover on Router B, ping destination Network 1 from Router A, and verify that traffic
forwarding is not interrupted during the switchover.

Common Errors



Trafficforwardingisinterrupted duringtheGRprocessbecausetheconfigured graceperiodisshorterthan theneighbor dead
time of the neighbor router.

5.4.15 Enabling NSR

Configuration Effect



During an active/standby switchover of devices in distributed or Virtual Switch Unit (VSU) mode, data forwarding continues and
is not interrupted.

Notes



The OSPF basic functions must be configured.

Configuration Steps



Enabling the OSPF NSR Function



(Optional) This function is disabled by default. Enable it when required.

Verification



During a hot-backup switchover of devices in distributed or VSU mode, data forwarding continues and is not interrupted.

Related Commands



Enabling NSR

Command

nsr

Parameter

N/A

Description
Command

OSPF routing configuration mode

Mode
Usage Guide

This command is used to enable the NSR function. For the same OSPF process, either NSR or GR is enabled because they
are mutually exclusive. Nevertheless, when NSR is enabled, the GR helper capability is supported.
The switchover of devices in distributed or VSU mode takes a period of time. If the OSPF neighbor keepalive duration is
shorter than the switchover duration, the OSPF neighbor relationship with the neighbor device is removed, and services
are interrupted during the switchover. Therefore, it is recommended that the OSPF neighbor keepalive duration be no
less than the default value when the NSR function is enabled. It is recommended that Fast Hello be disabled because
when it is enabled, the OSPF neighbor keepalive duration is less than 1 second.

Configuration Example
The following configuration is performed based on OSPF basic functions. For details about OSPF basic functions, see section
5.4.1 “Configuring OSPF Basic Functions”.
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Scenario

Configuration
Steps

B



Configure interface IPv6 addresses for all routers.



Configure OSPF basic functions for all routers.



Enable the NSR function for router B.

B# configure terminal
B(config)#ipv6routerospf1
B(config-router)# nsr

Verification



A hot-backup switchover is performed for router B. During the switchover, routing tables for target networks 1 and
2 on router A remain unchanged.



A hot-backup switchover is performed for router B. During the switchover, router A can continuously ping target
network 1.

Common Errors



The neighbor keepalive duration is short. When Fast Hello is enabled, the OSPF neighbor relationship times out during a
switchover, causing forwarding interruption.

5.4.16 Configuring Network ManagementFunctions

Configuration Effect



Use the network management software to manage OSPF parameters and monitor the OSPF running status.

Notes



The OSPF basic functions must be configured.



You must enable the MIB function of the SNMP server before enabling the OSPF MIB function.



YoumustenablethetrapfunctionoftheSNMPserverbefore enablingtheOSPFtrapfunction.



You must enable the logging function of the device before outputting the OSPF logs.
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Configuration Steps



Binding the MIB with the OSPF Process



(Optional)This configuration is required if you want touse the network management software tomanage parameters of a
specified OSPF process.



Perform this configuration on all routers.



Enabling the Trap Function



(Optional)This configuration isrequired if you want to use the network management software tomonitor the OSPF running
status.



Perform this configuration on all routers.



Configuring the Logging Function



(Optional)This function is enabled by default.Youare advised to retain the default configuration. If you want to reduce the log
output, disable this function.



Perform this configuration on all routers.

Verification



Use the network management software to manage the OSPF parameters.



Use the network management software to monitor the OSPF running status.

Related Commands



Binding the MIB with the OSPF Process

Command

enable mib-binding

Parameter

N/A

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

The OSPFv2 MIB does not have the OSPFv3 process information. Therefore, you can perform operations only on a single
OSPFv2 process through SNMP.By default, the OSPFv3 MIB is bound with the OSPFv3 process with the smallest process
ID, and all user operations take effect on this process.
If you wish to perform operations on a specified OSPFv3 process through SNMP,run this command to bind the MIB with
the process.



Enabling the Trap Function

Command

enable traps[error [IfConfigError| IfRxBadPacket | VirtIfConfigError | VirtIfRxBadPacket] |
state-change[IfStateChange | NbrStateChange | NssaTranslatorStatusChange | VirtIfStateChange |
VirtNbrStateChange | RestartStatusChange | NbrRestartHelperStatusChange |
VirtNbrRestartHelperStatusChange] ]

Parameter

IfConfigError: Indicates that an interface parameter configuration error occurs.

Description

IfRxBadPacket: Indicates that the interface receives a bad packet.
VirtIfConfigError: Indicates that a virtual interface parameter configuration error occurs.
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VirtIfRxBadPacket: Indicates that the virtual interface receives a bad packet.
IfStateChange: Indicates that interface state changes.
NbrStateChange: Indicates that the neighbor state changes.
NssaTranslatorStatusChange: Indicates thatthe NSSA state changes.
VirtIfStateChange:Indicatesthat the virtual interfacestatechanges.
VirtNbrStateChange: Indicates that the virtual neighbor state changes.
RestartStatusChange: Indicates that the GR state of the local device changes.
NbrRestartHelperStatusChange: Indicates that the state of the neighbor GR process changes.
VirtNbrRestartHelperStatusChange: Indicates that the GR state of the virtual neighbor changes.
Command

OSPF routing process configuration mode

Mode
Usage Guide

The function configured by this command is restricted by the snmp-server command. You can configure snmp-server
enabletraps ospf and thenenabletrapscommand beforethe corresponding OSPF trapscan be correctlysent out.
This command is not restricted by the MIB bound with the process. The trap function can be enabled concurrently for
different processes.



Configuring the Logging Function

Command

log-adj-changes[ detail]

Parameter

detail: Records all status change information.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

N/A

Configuration Example
Scenario
Figure 5-22

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



Bind the MIB with the OSPF process on Router A.



Enable the trap function on Router A.
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A

A# configure terminal
A(config)#snmp-server host 192.168.2.2 traps version 2c public
A(config)#snmp-server community public rw
A(config)#snmp-server enable traps
A(config)#
A(config)# ipv6 routerospf 10
A(config-router)# enable mib-binding
A(config-router)# enable traps

Verification

 Use the MIB tool to read and set the OSPF parameters and display the OSPF running status.

Common Errors
N/A
5.4.17 Modifying Protocol Control Parameters

Configuration Effect



Modify protocol control parameters to change the protocol running status.

Notes



The OSPF basic functions must be configured.



The neighbor dead time cannot be shorter than the Hello interval.

Configuration Steps



Configuring the Hello Interval



(Optional) You are advised to retain the default configuration.



Perform this configuration on routers at both end of a link.



Configuring the Dead Interval



(Optional)Youareadvisedtoretainthedefaultconfiguration.ThisconfigurationcanbeadjustedifyouwishtoaccelerateOSPF
convergence when a link fails.



Perform this configuration on routers at both end of a link.



Configuring the LSU Retransmission Interval



(Optional)Youare advised to adjust this configuration if a lot of routes exist in the user environment and network congestion is
serious.



Configuring the LSA Generation Time



(Optional) You are advised to retain the default configuration.



Configuring the LSA Group Refresh Time
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(Optional)Youare advised to retain the default configuration. This configuration can be adjusted if a lot of routes exist in the
user environment.



Perform this configuration on an ASBR or ABR.



Configuring LSARepeated Receiving Delay



(Optional) You are advised to retain the default configuration.



Configuring the SPF Computation Delay



(Optional) This configuration can be adjusted if network flapping frequently occurs.



Configuring the Inter-Area Route Computation Delay



(Optional) You are advised to retain the default configuration.



Perform this configuration on all routers.



Configuring the Inter-Area Route Computation Delay



(Optional) You are advised to retain the default configuration.



Perform this configuration on all routers.

Verification



Run the show ipv6 ospf and show ipv6 ospf neighbor commands to display the protocol running parameters and status.

Related Commands



Configuring the Hello Interval

Command

ipv6ospf hello-intervalseconds

Parameter

seconds: Indicates the interval at which OSPF sends the Hello packet.The unit is second. The value ranges from 1 to

Description

65,535.

Command

Interface configuration mode

Mode
Usage Guide

The Hello interval is contained in the Hello packet. A shorter Hello interval indicates that OSPF can detect topological
changes morequickly,but thenetwork traffic increases.The Hellointerval mustbe the same on all routers in thesame
network segment. If you want to manually modify the neighbor dead interval, ensure that the neighbor dead interval is
longer than the Hello interval.



Configuring the Dead Interval

Command

ipv6ospf dead-interval seconds

Parameter

seconds: Indicates the time that the neighbor is declared lost.The unit is second. The value ranges from 2 to 65535.

Description
Command

Interface configuration mode

Mode
Usage Guide

TheOSPFdeadintervaliscontainedintheHellopacket.IfOSPFdoesnotreceiveaHellopacketfromaneighborwithin
the dead interval, it declares that the neighbor is invalid and deletes this neighbor record form the neighbor list. By
default, the dead interval is four times the Hello interval. If the Hello interval is modified, the dead interval is modified
automatically.
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When using this command to manually modify the dead interval, pay attention to the following issues:
1. The dead interval cannot be shorter than the Hello interval.
2. The dead interval must be the same on all routers in the same network segment.



Configuring the LSU Transmission Delay

Command

ipv6ospf transmit-delayseconds

Parameter

seconds: Indicates the LSU transmission delay on the OSPF interface. The unit is second.The value ranges from 0 to

Description

65,535.

Command

Interface configuration mode

Mode
Usage Guide

BeforeanLSUpacketistransmitted,theAgefieldsinallLSAsinthispacketwillincreasebasedontheamount specified
by the ip ospf transmit-delay command. Considering the transmission delay and line propagation delay on the
interface, you need to set the LSU transmission delay to a greater value for a low-speed line or interface.The LSU
transmission delay of a virtual link is defined by the transmit-delay parameter in the area virtual-link command.
If the value of the Age field of an LSA reaches 3600, the packet will be retransmittedor a retransmission will be requested.
If the LSA is not updated in time, the expired LSA will be deleted from the LSDB.



Configuring the LSU Retransmission Interval

Command

ipv6ospf retransmit-intervalseconds

Parameter

seconds:IndicatestheLSUretransmissioninterval.Theunit issecond.Thevalue rangesfrom0to65,535.Thisinterval

Description

must be longer than the round-trip transmission delay of data packets between two neighbors.

Command

Interface configuration mode

Mode
Usage Guide

Aftera router finishes sending an LSUpacket, this packetisstill kept inthe transmitbuffer queue. If anacknowledgment
from the neighbor is not received within the time defined by the ip ospf retransmit-interval command, the router
retransmits the LSU packet.
The retransmission delay can be set to a greater value on a serial line or virtual link to prevent unnecessary
retransmission. The LSU retransmission delay of a virtual link is defined by the retransmit-intervalparameter in the area
virtual-link command.



Configuring the LSA Generation Time

Command

timers throttle lsa all delay-time hold-time max-wait-time

Parameter

delay-time: Indicates the minimum delay for LSA generation. The first LSA in the database is always generated instantly.

Description

The value ranges from 0 to 600,000. The unit is ms.
hold-time: Indicates the minimum interval between the first LSA update and the second LSA update. The value ranges
from 1 to 600,000. The unit is ms.
max-wait-time: Indicates the maximum interval between two LSA updates when the LSA is updated continuously.This
intervalisalsousedtodeterminewhethertheLSAisupdatedcontinuously.Thevaluerangesfrom1to600,000.Theunit
is ms.

Command

OSPF routing process configuration mode

Mode
Usage Guide

If a high convergence requirement is raised when a link changes, you can set delay-time to a smaller value. You can also
appropriately increase values of the preceding parameters to reduce the CPU usage.
When configuring this command, the value of hold-time cannot be smaller than the value of delay-time, and the value
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of max-wait-time cannot be smaller than the value of hold-time.



Configuring the LSA Group Refresh Time

Command

timers pacinglsa-group seconds

Parameter

seconds: Indicates the LSA group pacing interval. The value ranges from 10 to 1,800. The unit is second.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide

Every LSA has a time to live (LSA age). When the LSA age reaches 1800s, a refreshment is needed to prevent LSAs from
beingclearedbecausetheiragesreachingthemaximum. IfLSAupdateandaging computationareperformedforevery
LSA,thedevicewillconsumealotofCPUresources.InordertouseCPUresourceseffectively,youcanrefreshLSAsby
group onthedevice.The interval of group refreshmentiscalledgroup pacing interval.The group refreshment operation
is to organize the LSAs generated within a group pacing interval into a group and refresh the group as a whole.
If the total number of LSAs does not change, a larger group pacing interval indicates that more LSAs need to be
processedaftertimeout.TomaintaintheCPUstability,thenumberofLSAsprocessesuponeachtimeoutcannotbetoo
large. If the number of LSAs is large, you are advised to reduce the group pacing interval. For example, if there are 1000
LSAs inthe database, you can reduce thepacing interval; if there are40 to100 LSAs, you can setthepacing interval to
10-20 minutes.



Configuring the LSA Group Refresh Interval

Command

timers pacing lsa-transmit transmit-time transmit-count

Parameter

transmit-time: Indicates the LSA group transmission interval. The value ranges from 10 to 600,000. The unit is ms.

Description

transmit-count: Indicates the number of LS-UPD packets in a group. The value ranges from 1 to 200.

Command

OSPF routing process configuration mode

Mode
Usage Guide

If the number of LSAs is large and the device load is heavy in an environment, properly configuring transimit-time and
transimit-count can limit the number of LS-UPD packets flooded on a network.
If the CPU usage is not high and the network bandwidth load is not heavy, reducing the value of transimit-time and
increasing the value of transimit-count can accelerate the environment convergence.



Configuring LSARepeated Receiving Delay

Command

timers lsa arrivalarrival-time

Parameter

arrival-time:Indicatesthedelay after whichthesame LSAisreceived.The value rangesfrom0to600,000.The unit isms.

Description
Command

OSPF routing process configuration mode

Mode
Usage Guide



No processing is performed if the same LSA is received within the specified time.

Configuring the SPF Computation Delay

Command

timers throttle spf spf-delay spf-holdtime spf-max-waittime

Parameter

spf-delay: Indicates the SPF computation delay. The unit is ms. The value ranges from 1 to 600,000. When detecting a

Description

topological change, the OSPF routing process triggers the SPF computation at least after spf-delay elapses.
spf-holdtime: Indicates the minimum interval between twoSPF computations.The unit isms.The value ranges from1 to
600,000.
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spf-max-waittime: Indicates the maximum interval between two SPF computations. The unit is ms. The value ranges from
1 to 600,000.
number: Indicates the metric of the summarized route.
Command

OSPF routing process configuration mode

Mode
Usage Guide

spf-delay indicates the minimum time between the occurrence of the topological change and the start of SPF
computation.spf-holdtime indicatestheminimuminterval betweenthefirstSPFcomputationand thesecond SPF
computation. After that, the interval between two SPF computations must be at least twice of the previous interval.
Whenthe interval reaches spf-max-waittime, the interval cannot increase again. If the interval between two SPF
computationsalreadyexceedstherequiredminimumvalue,theintervaliscomputedbystartingfromspf-holdtime.
You can set spf-delay and spf-holdtime to smaller values to accelerate topology convergence, and set
spf-max-waittime to a larger value to reduce SPF computation. Flexible settings can be used based on stability of the
network topology.
Compared with the timers spf command, this command supports more flexible settings to accelerate the convergence
speedof SPFcomputationand furtherreducethesystemresourcesconsumedbySPFcomputationwhen thetopology
continuously changes. Therefore, you are advised to use the timers throttle spf command for configuration.
1.

Thevalueof spf-holdtimecannot besmallerthanthevalueofspf-delay; otherwise,spf-holdtimewillbe
automatically set to the value of spf-delay.

2.

The value of spf-max-waittimecannot be smaller than the value of spf-holdtime; otherwise, spf-max-waittime
will be automatically set to the value of spf-holdtime.



3.

The configurations of timers throttle spf and timers spf are mutually overwritten.

4.

When both timers throttle spf and timers spf are not configured, the default values of timers throttle spf prevail.

Configuring the Computation Delays of Inter-Area Routes and External Routes

Command

timers throttle route{inter-areaia-delay|asease-delay}

Parameter

inter-areaia-delay:Indicatestheinter-arearoute computationdelay.Theunit isms.The value rangesfrom0to600,000.

Description

asease-delay: Indicates the external route computation delay. The unit is ms. The value ranges from 0 to 600,000.

Command

OSPF routing process configuration mode

Mode
Usage Guide

If a strict requirement is raised for the network convergence time, use the default value.
If a lot of inter-area or external routes exist on the network and the network is not stable, adjust the delays and optimize
route computation to reduce the load on the device.

Configuration Example



Configuring the Hello Interval and Dead Interval

Scenario
Figure 5-23

Configuration



Enable IPv6 on interfaces of all routers.(Omitted)

Steps



Configure the OSPF basic functions on all routers. (Omitted)



ConfiguretheHello interval and deadinterval onall routers.
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A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ipv6 ospf hello-interval 15
A(config-if-GigabitEthernet 0/1)# ipv6 ospf dead-interval 50

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ipv6 ospf hello-interval 15
A(config-if-GigabitEthernet 0/1)# ipv6 ospf dead-interval 50

Verification

 ChecktheinterfaceparametersonRouterAand RouterB.VerifythattheHellointerval is10s andthedeadintervalis
50s.


A

On Router A and Router B, verify that the OSPF neighbor information is correct.

A# show ipv6 ospf interface
GigabitEthernet 0/1 is up, line protocol is up
Interface ID 2
IPv6 Prefixes
fe80::2d0:f8ff:fe22:3346/64 (Link-Local Address)
OSPFv3 Process (1), Area 0.0.0.0, Instance ID 0
Router ID 1.1.1.1,Network Type BROADCAST, Cost: 1
Transmit Delay is 1 sec, State DR, Priority 1
Timer interval configured, Hello 15, Dead 50, Wait 40, Retransmit 10
Hello due in 00:00:06
Neighbor Count is 1, Adjacent neighbor count is1
Hello received 40 sent 40, DD received 17 sent 9
LS-Req received 1 sent 3, LS-Upd received 6 sent 5
LS-Ack received 3 sent 4, Discarded 1

A# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
Neighbor ID
2.2.2.21
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Full/BDR

State

DeadTime
00:00:30

0

InstanceID

Interface

GigabitEthernet 0/1
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B

B# show ipv6 ospf interface
GigabitEthernet 0/1 is up, line protocol is up
Interface ID 2
IPv6 Prefixes
fe80::2d0:f8ff:fe22:3446/64 (Link-Local Address)
OSPFv3 Process (1), Area 0.0.0.0, Instance ID 0
Router ID 2.2.2.2,Network Type BROADCAST, Cost: 1
Transmit Delay is 1 sec, State BDR, Priority 1
Timer interval configured, Hello 15, Dead 50, Wait 40, Retransmit 10
Hello due in 00:00:06
Neighbor Count is 1, Adjacent neighbor count is 1
Hello received 40 sent 40, DD received 17 sent 9
LS-Req received 1 sent 3, LS-Upd received 6 sent 5
LS-Ack received 3 sent 4, Discarded 1

B# show ipv6 ospf neighbor
OSPFv3 Process (1), 1 Neighbors, 1 is Full:
NeighborID
1.1.1.11

Pri

Full/DR

State
00:00:38

DeadTime
0

InstanceID

Interface

GigabitEthernet0/1

Common Errors



The configured neighbor dead time is shorter than the Hello interval.

5.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears and resets an OSPF process.

clear ipv6 ospf [ process-id]process

Displaying
Description

Command

Displays the OSPF process

show ipv6 ospf [ process-id ]

configurations.
Displays information about the OSPF

show ipv6 ospf[process- id] database[lsa-type [adv-routerrouter-id] ]

LSDB.
Displays OSPF-enabled interfaces.

show ipv6 ospf [ process-id ] interface [ interface-type interface-number | brief]

Displays the OSPF neighbor list.

show ipv6 ospf[process- id] neighbor[interface-type interface-number[detail]| neighbor-id
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Description

Command
|detail]

Displays the OSPF routing table.

show ipv6 ospf [ process-id ] route[ count ]

Displaysthesummarized routeof OSPF

showipv6ospf[process-id]summary-prefix

redistributed routes.
Displays the OSPF network topology

show ipv6 ospf[process- id] topology [areaarea-id]

information.
Displays OSPF virtual links.

show ipv6 ospf [ process-id ] virtual-links

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs OSPF events.

debug ipv6 ospf events [abr|asbr|os|router| vlink]

Debugs OSPF interfaces.

debug ipv6 ospf ifsm [events|status|timers]

Debugs OSPF neighbors.

debug ipv6 ospf nfsm [events | status | timers]

Debugs the OSPF NSM.

debug ipv6 ospf nsm [interface | redistribute | route]

Debugs OSPF LSAs.

debug ipv6 ospf lsa [flooding | generate | install | maxage | refresh]

Debugs OSPF packets.

debug ipv6 ospf packet [dd|detail|hello|ls-ack|ls-request|ls-update|recv|send]

Debugs OSPF routes.

debug ipv6 ospf route [ase | ia | install | spf | time]

6 Configuring IS-IS
6.1 Overview
Intermediate System to Intermediate System (IS-IS) is an extensible, robust, and easy-to-use Interior Gateway Protocol (IGP) for route
selection and applicable to an IP-ISOCLNS dual environment network (ISO CLNS is short for International Organization for
Standardization Connectionless Network Service).
IS-IShasthecommoncharacteristicsofalinkstateprotocol.ItsendsHellopacketstodiscoverandmaintainneighborrelationships,
andsendsLinkStateProtocolDataUnits(LSPs)toneighborstoadvertiseitslinkstate.IS-ISsupportsLevel-1routingand Level-2
routing. All devices at the same Level maintain the same Link State Database (LSDB), which stores the LSPs generated by the devices
tonotify each other of the Level's network topology. Each device uses the DijkstraShortest Path First (SPF) algorithm to perform
best-route calculation, path selection, and fast convergence.
Protocols and Standards



RFC1142: OSI IS-IS Intra-domain Routing Protocol



RFC1195: Use of OSI IS-IS for routing in TCP/IP and dual environments



RFC3786: Extending the Number of Intermediate System to Intermediate System (IS-IS) Link State PDU (LSP) Fragments Beyond
the 256 Limit



RFC3373: Three-Way Handshake for Intermediate System to Intermediate System (IS-IS) Point-to-Point Adjacencies



RFC3358: Optional Checksums in Intermediate System to Intermediate System (ISIS)



RFC3784: Intermediate System to Intermediate System (IS-IS) Extensions for Traffic Engineering (TE)
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RFC2763: Dynamic Hostname Exchange Mechanism for IS-IS



RFC6119(draft-ietf-isis-ipv6-te-00): IPv6 Traffic Engineering in IS-IS



RFC 2966: Domain-wide Prefix Distribution with Two-Level IS-IS

6.2 Applications
Application

Description

Planar Topology

A planar topology is applicable to a small-scale network. At the initial stage of large-scale
network construction, core devices are deployed to form an area based on a planar topology.

Hierarchical Topology

A hierarchical topology is applicable to a large-scale network with frequent link flapping.

6.2.1 Planar Topology

Scenario
Aplanartopologyisformedbydevicesinthesamearea.SeeFigure6-1.
Figure 6- 1 Planar Topology

Deployment



To facilitate future extension and reduce device burden, configure the devices in a planar topology as Level-2 devices.

6.2.2 Hierarchical Topology

Scenario
A hierarchical topology divides the network into the core layer, convergence layer, and access layer. See Figure 6- 2.



Route summarization at the convergence layer is facilitated by address planning.



When primary and secondary routes exist, devices at the convergence layer leak Level-2 routes to Level-1 areas.

Figure 6- 2 Hierarchical Topology
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Remarks

Devices at the core layer must be connected consecutively.

Deployment



Design the network topology starting from the core layer.



Configure devices at the core layer as Level-2 devices.



Configure devices at the convergence layer as Level-1/Level-2 devices.



Configure devices at the access layer as Level-1 devices.

6.3 Features
Basic Concepts



End System (ES)

An ES is a non-router device, for example, a host.



Intermediate System (IS)

An IS is a router, which is the basic unit used to transmit routing information and generate routes in IS-IS.



End System to Intermediate System Routing Exchange Protocol (ES-IS)

ES-IS is the protocol used for communication between ESs and ISs in Open System Interconnection (OSI) to dynamically discover
Level-2 neighbor relationships.



Domain

A set of ISs in the same routing domain (RD) use the same routing protocol to exchange routing information.



Area

An RD can be divided into multiple areas.



Complete Serial Number PDU (CSNP)

CSNPs are sent by a Designated Intermediate System (DIS) every 10s to synchronize link states in a broadcast network.



Partial Sequence Number PDU (PSNP)

www.fs.com

993

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

PSNPs are sent by a point-to-point (P2P) link to confirm LSPs, or request LSPs in a broadcast network.



Connectionless Network Protocol (CLNP)

CLNP is an OSI protocol used to transmit data and error messages at the network layer. It is similar to the IP protocol.



Connectionless Network Service (CLNS)

The CLNS is a type of unreliable connection and requires no circuit setup before data transmission.



Designated Intermediate System(DIS)

Similar to a DIS router (DR) in Open Shortest Path First (OSPF), a DIS propagates LSPs to other machines in a Local Area Network (LAN).
Neighbor relationships are established not only between DISs and other machines but also between those machines. This
characteristic is not possessed by OSPF.



Hello Packet

Hello packets are used to establish and maintain neighbor relationships.



LSP

LSPs describe link states, similar to link-state advertisement (LSA) in OSPF, but the former do not depend on TCP/IP information. LSPs
are classified into Level-1 LSPs and Level-2 LSPs, depending on different route types.



Network Selector (NSEL)

An NSEL (sometimes referred to as SEL) specifies the target network-layer protocol service. It is similar to the TCP/UDP port for the
Upper Layer Service in the IP protocol. In IS-IS, SEL is typically set to 00 to indicate a device.



Network Service Access Point (NSAP)

An NSAP is the CLNS complete address, including the OSI address and high-layer processes. It consists of an area ID, a system ID, and
SEL. When SEL is set to 00, the NSAP is a Network Entity Title (NET), similar to an IP address plus a protocol number.



Sub-Network Point of Attachment (SNPA)

An SNPA provides physical connections and network-layer services. It is similar to a MAC address used in the IP protocol, a Data Link
ConnectionIdentifier (DLCI) used by frame relay (FR),or High-Level Data Link Control (HDLC) in a wide area network (WAN).



Level-1 Route

ALevel-1 routeisan intra-arearoutethat only receives relevant informationwithinthearea.Toreachother areas,you needtostorein
Level-1 a default route destined for the closest Level-2.



Level-2 Route

A Level-2 route is an inter-area backbone route. Level-1 and Level-2 cannot be connected directly.



Level-1/Level-2 Route

ALevel-1/Level-2routeisaborderrouteconnectingaLevel-1routeandaLevel-2route.ItmaintainstwodatabasesfortheLevel-1
and Level-2 routes respectively. It is similar to an area border router (ABR) in OSPF.



Pseudonode
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Apseudonodeidentifiesabroadcastsubnet (LAN)andallowsabroadcastmedium toworkas avirtualdevice,whichhas arouteasits
interface. The route-pseudonode relationship is managed by a DIS.



Network Entity Title (NET)

ANETispart of anOSIaddressanddescribestheareaIDandsystemID,butitdoesnot define theNSEL,whichiscontainedinthe
NSAP of the specified system.



Circuit

Circuit is an interface-related term used in IS-IS. Whereas NSAP and NET indicate whole devices, a circuit indicates an interface. The
circuitIDofaP2Pinterfaceisonebytelong.Forexample,thecircuitIDofHDLCis0x00.Inabroadcastnetwork(forexample,aLAN),
the circuit ID is seven bytes long, including the system ID, for example, 1921.6800.0001.01.
For details about terms related to IS-IS, see ISO 10589 and RFC1195.
Overview
Feature

Description

IS-IS Network Hierarchy An IS-IS network is divided into Level-1 and Level-2. The nodes on which devices exchange information in the
same area form one Level (Level-1).
IS-IS Address Coding

An IS-IS address is called a NET, which consists of an area ID, a system ID, and an NSAP identifier.

Mode
IS-IS Packet Types

There are three types of IS-IS packets: LSP,IS-IS Hello packet (IIH PDU), and serial number packet (SNP) classified
into CSNP and PSNP.

DIS Election

A DIS simulates multiple access links as a pseudonode and generates LSPs for the pseudonode. The pseudonode
sets up a relationship with each device in the local network and forbids direct communication between the
devices.

IS-IS Supported TLV

IS-IS supports 21 types of Type-Length-Value (TLV).

Types
LSP Fragment Extension IS-IS floods LSPs to advertise link states. The size of an LSP is limited by the Maximum Transmission Unit (MTU) size
of the link.Whenthe content tobe advertisedexceeds one LSP,IS-ISwill createLSP fragments tocarry new link
state information.
IS-IS VRF

VPNRouting and Forwarding (VRF) ismainly used for localrouting and packet separation. It avoids route conflict
caused by use of the same prefix by multiple VPNs.

IS-IS MTR

Multi-TopologyRouting(MTR)ismainlyusedtocalculate IPv4andIPv6 unicastroutesinIS-ISbasedon different
topologies.

6.3.1 IS-IS Network Hierarchy

AnIS-ISnetworkisdividedintoLevel-1andLevel-2.Thenodesonwhichdevicesexchangeinformationinthesameareaformone
Level (Level-1).
Working Principle
Alldevicesinanareaknowthearea'snetworktopologyand exchange datawithinthearea.ALevel-1/Level-2deviceisaborder
device that belongs to different areas and provides inter-area connections. Areas are connected by Level-2 devices. The border
devices in various areas form a Level-2 backbone network for inter-area data exchange.
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Level-1devicesareonlyinterestedinthelocalarea'stopology,includingallnodes inthelocalareaand thenext-hopdevicesdestined
forthenodes.Level-1devicesaccessother areasthrough Level-2devicesand forwardpacketsfromatargetnetworkoutsideofthe
local area to the closest Level-2 device.
Figure 6- 3 IS-IS Network Topology

Related Configuration



Setting the Circuit Type of an IS-IS Interface

By default, circuit-type is set to Level-1/Level-2.
Run the isis circuit-type command to change the Level of an interface.
If circuit-type is set to Level-1 or Level-2-only, IS-IS will only send PDUs of the corresponding Level.



Specifying the IS-IS Level

By default, is-type is set to Level-1/Level-2 if no IS-IS instance runs at Level-2 (including Level-1/Level-2). is-type is set to Level-1 if
there are IS-IS instances running at Level-2 (including Level-1/Level-2).
Run the is-type command to specify the Level at which IS-IS will run.
Changing theis-type value willenableor disablethe routes ofacertainLevel. Adevicecanhaveonly one instancerunning at Level-2
(including Level-1/Level-2).
6.3.2 IS-IS Address Coding Mode

An IS-IS address is called a NET, which consists of an area ID, a system ID, and an NSAP identifier, ranging from eight to 20 bytes.
Working Principle
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Figure 6- 4 NET Address Format



The area ID identifies the RD length in an area and is fixed relative to the RD. It ranges from one to 13 bytes.



The system ID is unique in an autonomous system (AS).



The NSAP is a network selector and sometimes called SEL. In IS-IS, SEL is typically set to 00 to indicate a device.

Related Configuration



Configuring a NET Address in IS-IS

By default, no NET address is configured in IS-IS.
Run the net command to configure a NET address in IS-IS.
The command configures an area ID and a system ID in IS-IS. Different NET addresses must have the same system ID.
6.3.3 IS-IS Packet Types

There are three types of IS-IS packets:



LSP



IIH PDU



SNP (classified into CSNP and PSNP)

Working Principle
There are three types of IS-IS packets:



LSP

LSPs are used to transmit link state records within an area and are classified into Level-1 LSPs and Level-2 LSPs. LSPs are only flooded
to the corresponding Level.



IIH PDU

IIH PDUs are used to maintain neighbor relationships. They carry multicast MAC addresses used to determine whether other systems
run IS-IS.



SNP (classified into CSNP and PSNP)

CSNPs are used for LSDB synchronization. By default, a DIS sends a CSNP every 10s in a broadcast network. In a P2P network, a CSNP is
sent only after a neighbor relationship is established.
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PSNPs are also used for LSDB synchronization.
Related Configuration



Configuring the LSP Interval on an IS-IS Interface

By default, the LSP interval is 33 ms. If no Level is specified, the interval takes effect for Level-1 and Level-2 LSPs.
Run theisis lsp-interval command toconfigure the LSP interval on an IS-ISinterface, in the unit of seconds.
The command changes the LSP interval.



Configuring the Maximum Number of LSP PDUs Sent by IS-IS Interface at a Time

The default value is 5. If no particular level is designated, the default level is set to level-1-2, that is, the configuration of the maximum
number takes effect at Level-1 and Level-2 concurrently.
Run the isis lsp-flood command to set the number of LSP PDUs sent by the IS-IS interface at a time.
You can use this command to change the maximum number of LSP PDUs sent by the interface at a time.



Configuring the Interval for Receiving Duplicate LSP Packets

By default, this command is not configured and the function of setting the interval for receiving LSP packets is not supported. If no
particularlevel isdesignated, thedefaultlevel issettolevel-1-2,that is,theinterval configurationtakeseffectatLevel-1and Level-2
concurrently.
Run the min-lsp-arrival command to set the interval for receiving duplicate LSP packets.
During network flapping, LSP packets are frequently duplicated and the LSP packet sequence number constantly increases. If the
device processes the duplicate LSP packets, more system resources are consumed. Therefore, setting the interval for receiving
duplicate LSP packets can relieve device load.



Configuring the Hello Packet Interval on an IS-IS Interface

By default, the Hello packet interval is 10s for Level-1 and Level-2.
Run the isis hello-interval command to configure the Hello packet interval on an IS-IS interface, in the unit of seconds.
ThecommandchangestheHellopacketinterval.ADISsendsHellopacketsatafrequencythreetimesthatbynon-DISdevicesina
broadcast network. If an IS is elected as the DIS on the interface, by default, the interface sends a Hello packet every 3.3s.



Configuring the Minimum PSNP Interval

By default, the minimum PSNP interval is not configured, and the default interval 2s takes effect for Level-1 and Level-2 PSNPs.
Run the isis psnp-interval command to configure the minimum PSNP interval, in the unit of seconds.
PSNPs are mainly used to request LSPs that are absent locally or respond to received LSPs (in a P2P network). The PSNP interval should
beminimized. If many LSPs exist and thedeviceperformance islow, you can increase the PSNP interval and LSP retransmission
interval to reduce the device burden.



Configuring the CSNP Broadcast Interval on an IS-IS Interface

By default, CSNPs are sent at 10s intervals in a broadcast network. No CSNPs are sent in a P2P network. When you configure a new
CSNP interval without Level-1 or Level-2 specified, the interval takes effect for Level-1 and Level-2 CSNPs.
Run the isis csnp-interval command to specify the CSNP broadcast interval on an IS-IS interface, in the unit of seconds.
The command changes the CSNP interval. By default, a DIS sends a CSNP every 10s in a broadcast network. In a P2P network, a CSNP is
sentonlyafteraneighborrelationshipisestablished.Aninterfacesettomesh-groupscanbeconfiguredtoperiodicallysendCSNPs.
No CSNPs are sent if the CSNP interval is set to 0.
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6.3.4 DIS Election

A DIS is a designated device in a broadcast network and works like a DR in OSPF.
A pseudonode is generated by a DIS and sets up a relationship with each device in the local network.
Working Principle
A DIS simulates multiple access links as a pseudonode and generates LSPs for the pseudonode. The pseudonode sets up a relationship
with each device in the local network and forbids direct communication between the devices. A broadcast subnet and a
non-broadcast multiple access (NBMA) network are considered as pseudonodes externally. Non-DIS devices report their link states to
theDIS inthesamenetwork, and theDISmaintainsthe linkstatesreported byallISs inthe network.LikeDRelectioninOSPF,aDISis
elected to reduce unnecessary neighbor relationships and route information exchanges.
DISelectioninIS-ISispreemptive.Theelectionresultcanbemanuallycontrolledthroughinterfacepriorityconfiguration.Thedevice
with a higher interface priority is more likely to be elected as the DIS.
Related Configuration



Configuring the Priority for DIS Election in a LAN

By default, Priority 64 takes effect for Level-1 and Level-2.
Run the isis priority command to configure the priority for DIS election in a LAN.
The command changes the priority carried in Hello packets in a LAN. The device with a lower priority is less likely to be elected as the
DIS.
ThecommandisinvalidonaP2Pnetworkinterface.The noisisprioritycommand, withor withoutparameters,restoresthepriority
to its default value. To change the configured priority, run the isis priority command with the priority specified to overwrite the
existing configuration, or you can first restore the priority to its default value and then configure a new priority.
6.3.5 IS-ISSupported TLV Types

IS-IS supports 26 types of TLV.
Working Principle
The following table lists the IS-IS supported TLV types:
TLV Code

Description

Code = 1

Area ID

Code = 2

Priority of an IS neighbor

Code = 3

ES neighbor

Code = 6

MAC address of an IS neighbor

Code = 8

Filling field

Code = 9

LSP entity

Code = 10

Verification field

Code = 14

Size of the source LSP buffer

Code = 22

Extended IS reachability

Code = 128

IP internal reachability information

Code = 129

Supported protocol

Code = 130

IP external reachability information
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TLV Code

Description

Code = 131

Inter-domain routing protocol information

Code = 132

IP interface address

Code = 133

Verification information

Code = 135

Extended IP reachability TLV

Code = 137

Dynamic host name

Code = 211

Graceful Restart (GR)

Code = 222

Multi-Topology (MT) IS reachability

Code = 229

MT TLV

Code = 211

GR

Code=232

IPv6 interface

Code = 235

IPv4 MT IP reachability TLV

Code =236

IPv6 IP reachability TLV

Code = 237

IPv6 MT IP reachability TLV

Code = 240

P2P three-way handshake TLV

Related Configuration



Configuring the Neighbor Detection Protocol Carried in Hello Packets

By default, neighbor detection is enabled.
Run the adjacency-check command to configure the neighbor detection protocol carried in Hello packets.
6.3.6 LSP Fragment Extension

IS-ISfloodsLSPstoadvertiselinkstates.ThesizeofanLSPislimitedbytheMTUsizeofthelink.Whenthecontent tobeadvertised
exceeds one LSP,IS-IS will create LSP fragments to carry new link state information. According to ISO standards, an LSP fragment is
identified by a one-byte LSP number. An IS-IS device can generate up to 256 LSP fragments.
Working Principle
The 256 LSP fragments are insufficient in any of the following situations:
26.

New applications (such as traffic engineering [TE]) extend new TLV or Sub-TLV.

27.

The network is expanded continuously.

28.

Routes with reduced granularity are advertised, or other routes are redistributed to IS-IS.

AfterLSPfragmentsareusedup,newrouting informationand neighbor informationwillbe discarded,causingnetworkexceptions
such as routing black holes or loops. LSP fragments must be extended to carry more link state information, thus ensuring normal
network operation.
Youcan configure an additional system IDand enable fragment extension toallow IS-ISto advertisemore link stateinformation in
extended LSP fragments. Each virtual system can be considered as a virtual device that establishes a neighbor relationship (with the
path value being 0) withthe originating system. Extended LSPs are published by the neighbor of the originating system, that is, the
virtual system.
The following terms are related to fragment extension:

 Normal System ID
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ThesystemIDdefined byISOisusedtoestablishneighbor relationshipsand learnroutes.Itisfurther defined asthenormal systemID
in order to be distinguished from the additional system ID introduced to fragment extension.



Additional System ID

The additional system ID is configured by an administrator to generate extended LSPs. The additional system ID shares the usage rules
of the normal system ID (for example, the additional system ID must be unique in the entire area), except that the additional system ID
is not carried in Hello packets for neighbor relationship establishment.



Originating System

An originating system is an IS-IS-enabled device and maps a virtual system identified by the additional system ID.



Virtual System (VirtualIS)

AvirtualsystemisidentifiedbytheadditionalsystemIDandusedtogenerateextendedLSPs.Thevirtualsystemconceptisproposed
by RFC for distinguishing from the originating system concept. Each virtual system can generate up to 256 LSP fragments. The
administrator can configure multiple additional system IDs (virtual systems) to generate more LSP fragments.



Original LSP

An original LSP is the LSP whose system ID contained in the LSP ID is a normal system ID. Original LSPs are generated by an originating
system.



Extended LSP

An extended LSP is the LSP whose system ID contained in the LSP ID is an additional system ID. Extended LSPs are generated by a
virtual system.
Related Configuration



Enabling Fragment Extension

By default, fragment extension is disabled. If you do not specifya Level when enabling fragment extension, it will takeeffect for
Level-1 and Level-2 LSPs.
Run the lsp-fragments-extend command to enable fragment extension.
Thereareupto256 LSPfragments.Whenthefragments areusedup, subsequentlinkstateinformation, including neighbor
informationand IProuteinformation, willbe discarded, causinganetworkexception.Tosolvethisproblem,enable fragment
extension at the specified Level and configure an additional system ID by using the virtual-system command.
6.3.7 IS-IS VRF

VRFismainlyusedforlocalroutingandpacketseparation. ItavoidsrouteconflictcausedbyuseofthesameprefixbymultipleVPNs.
IPv4 VPN and IPv6 VPN combine Multiprotocol Label Switching (MPLS) advantages in terms of Quality of Service (QoS) and security
assurance,and aretheprimarysolutionsforinterconnectingthegeographicallydifferentofficebranchesofanenterpriseorindustry
user.
Working Principle
Figure 6- 5 Separation of Different VPNs by VRF Tables Configured on Provider Edge (PE) Devices
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In Figure 6- 5, the following configuration requirements exist: Configure the two sites (CE1 and CE3) in VPN1 to access each other and
thetwosites(CE2andCE4)inVPN2toaccesseachother,andforbidaccessbetweenthesitesinVPN1andthoseinVPN2,because
VPN1 and VPN2 belong to different customers or departments and may have identical IP addresses.
The customer edge (CE) devices connect the customer network to the PEs to exchange VPN routing information with the PEs, that is,
advertise local routes to the PEs and learn remote routes from the PEs.
Each PE learns routes from directly connected CEs and exchanges the learned VPN routes with the other PE through the Border
Gateway Protocol (BGP). The PEs provide access to the VPN service.
The Provider (P) device in the Service Provider (SP) network is not directly connected to the CEs. The P device only needs the MPLS
forwarding capability and does not maintain VPN information.
The IS-IS protocol running between the PEs and CEs requires the VRF capability to separate routing information between VPN1 and
VPN2. That is, IS-IS only learns routes through VRF.
Related Configuration



Binding an IS-IS Instance with a VRF Table

By default, an IS-IS instance is not bound with any VRF table.
Run the VRF command to bind an IS-IS instance with a VRF table.
Note the following constraints or conventions for the binding operation:



The IS-IS instances bound with the same non-default VRF table must be configured with different system IDs. The IS-IS instances
bound with different VRF tables can be configured with the same system ID.



One IS-IS instance can be bound with only one VRF table, but one VRF table can be bound to multiple IS-IS instances.



When the VRF table bound to an IS-IS instance is changed, all IS-IS interfaces associated with the instance will be deleted. That is,
the ip (or ipv6) router isis [ tag ] interface configuration and the redistribution configuration in routing process mode will be
deleted.

6.3.8 IS-IS MTR

IS-IS MTR is an extended feature used to separate IPv4 unicast route calculation and IPv6 unicast route calculation based on
topologies. It complies with the specification of IS-IS MT extension defined in RFC 5120. New TLV types are introduced to IIH PDUs and
LSPstotransmitIPv6 unicasttopology information. One physical network can be dividedintoan IPv4 unicastlogicaltopology and an
IPv6 unicast logical topology. The two topologies perform SPF calculation separately and maintain independent IPv4 and IPv6 unicast
routingtablesrespectively.Inthisway,IPv4unicastservicetrafficandIPv6unicastservicetrafficareforwardedbydifferentpaths.The
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IS-IS MTR technique helps users deploy IPv6 unicast networks without the constraint on consistency between IPv4 and IPv6 unicast
topology information.
IS-IS MTR is derived from IS-IS MT, which is used to separate IPv4 and IPv6 unicast topologies, unicast and multicast topologies, and
topologies using different protocol stacks (such as IPv4 and Pv6). IS-IS MTR separates IPv4 and IPv6 unicast topologies based on IS-IS
MT.
Working Principle
Figure6-6showsatypicalnetworkingapplication.The followingimplementationrequirementsexist:Deployan IPv6unicast
topologyin incremental mode, and upgrade some devices tosupport IPv4 and IPv6 dual protocol stackswhile keeping other
IPv4-enabled devices unchanged.
Figure 6- 6 Physical Topology for IPv4-IPv6 Hybrid Deployment

InFigure6-6,eachlinkismarkedby anumber indicatingitsmetric.RBonly supportstheIPv4protocolstack,whereasotherdevices
support IPv4 and IPv6 dual protocol stacks.
ThenetworkingconstraintonconsistencybetweenIPv4andIPv6unicasttopologiesmustbecanceledtoretaintheuseofRB;
otherwise, RB cannot establish a neighbor relationship with RA or RD, which will cause new problems.
Figure 6- 7 IPv4-IPv6 Hybrid Topology
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InFigure6-7,withoutIS-ISMTRsupport,theSPFcalculationsperformedbyRA,RB,RC,andRDonlytakeintoaccountthesingle
hybrid topology. The calculated shortest path is RA -> RB -> RD, with the overhead being 20. RB will discard IPv6 packets because it
does not supportIPv6.
Figure 6- 8 Separation of IPv4 and IPv6 Topologies

InFigure6-8,theIS-ISMTRtechniqueisusedtoseparateIPv4andIPv6unicasttopologies.RA,RB,RC,andRDestablishneighbor
relationshipsbasedontheIPv4unicasttopologyand IPv6unicasttopologyrespectively.The leftpartshowstheIPv4topologyformed
byIPv4-enbled routers.The calculatedIPv4 shortestpath is RA ->RB ->RC, which realizes IPv4 packet forwarding.The right part
showstheIPv6topology formedby IPv6-enabledrouters.Thecalculated IPv6 shortestpath isRA->RC ->RD, whichrealizesIPv6
packet forwarding.
IS-ISMTRmustbedeployedtoavoidroutingblackholeswhensomedevicessupportonlyoneprotocol.IS-ISMTRisnotrequired
when all devices support IPv4 and IPv6 dual protocol stacks.



Deploymentofanewnetwork:IS-ISMTRisnotrequiredwhendevicesonlysupporttheIPv4protocolstack.Fordevicesthat
onlysupport theIPv6protocolstackordevicesthatsupport IPv4and IPv6dualprotocolstacks,enabletheMTmodeofIS-IS
MTR. You are advised not to enable Multi-Topology Transition (MTT); otherwise, loops may occur.



Reconstructionofanexistingnetworkwithdevicessupportingonlyoneprotocolstack:EnabletheMTTmodeofIS-ISMTRon
devices that support IPv4 and IPv6 dual protocol stacksin sequence(starting fromthe deviceclosest toa device supporting
only one protocol stack in the network topology). After the MTT mode is enabled on all new devices, switch the MTT mode to
theMT mode on these devices in sequence (starting fromthe device farthest froma device supporting only one protocol stack
in the networktopology).

Related Configuration



Enabling MTR for IS-IS Instances

By default, IS-IS instances are not enabled with MTR.
Runthemulti-topologycommandtoconfigureIS-IStosupportIPv6unicasttopologies.Afterthat,IPv4andIPv6unicastroutesin
IS-IS will be calculated based on different topologies.
Note the following constraints or conventions when you use the multi-topology command:
29.

Set metric-style to Wide or Transition before you run the command.
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30.

The MTR feature willbe disabled if metric-style is set toNarrow or only one Level is configured to support theWide or
Transition mode.

6.3.9 IS-IS Neighbor

The following conditions must be met for two routing devices to establish a neighbor relationship when IS-IS MTR is not configured:



The interface addresses on both routing devices are in the same network segment.



The interface Levels on both routing devices match.



The routing devices are authenticated by each other.



The routing devices support the same protocol.

The following conditions must be met for routing devices to establish a neighbor relationship when IS-IS MTR is configured:



The interface addresses on both routing devices are in the same network segments.



The interface Levels on both routing devices match.



The routing devices are authenticated by each other.



The routing devices have at least one consistent MT ID when P2P links are configured.



There are no constraints on the MT IDs that the routing devices support when LAN links are configured.

6.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable IS-IS on specified interfaces. You need to create an IS-IS routing
process in advance.

Enabling IS-IS

router isis [ tag ]
net areaAddress.SystemId.00
ip router isis [ tag ]

Starts an IS-IS routing process. tag indicates the
process name.
Configures a NET address in IS-IS.
Enables IS-IS on an interface. tag indicates the
name of the IS-IS routing process.

(Optional) It is used to configure the IS-IS Hello packet holdtime.
isis hello-interval { interval | minimal } [ level-1 |
Configuring IS-IS Hello Packets level-2 ]
isis hello-multiplier multiplier-number [ level-1 |
level-2 ]

Configures the Hello packet interval on an
interface.Thevaluerangeis1to65,535, inthe
unit of seconds.
Configures theHello packet holdtime multiplier
on an IS-IS interface. The value range is 2 to 100.
The default value is 3.

(Optional)Itisusedtoperformtime-relatedLSPconfiguration,determinewhethertoignoreLSP
checksum errors, and enable/disable LSP fragment extension.
Configures the minimum LSP interval on an

Configuring IS-IS LSPs
isis lsp-interval interval [ level-1 | level-2 ]

interface. The value range is 1 to 4,294,967,295, in
the unit of milliseconds.

isis lsp-flood lsp-number [ level-1 | level-2]
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Configuration

Description and Command
sent by the IS-IS interface at a time. The value
range is 1 to 1000. The default value is 5.
Configures the LSP retransmission interval by P2P
isis retransmit-interval interval [ level-1 | level-2 ]

links on an interface. The value range is 0 to
65,535, in the unit of seconds.
Configures LSP generation cycle.
maximum-interval: Indicates the maximum
interval for generating two consecutive LSP
packets.The value range is 1 to 65535 (in
seconds). The default value is 5.

lsp-gen-interval [ level-1 | level-2 ]
maximum-interval [initial-interval hold-interval]

initial-interval: Indicates the waiting time for
generatinganLSPpacketforthefirsttime.The
valuerangeis0to60000(inmilliseconds).The
default value is 50.
hold-interval: Indicates the minimum interval for
generating an LSP packet for the second time. The
value range is 10 to 60000 (in milliseconds).The
default value is 200.

ignore-lsp-errors
lsp-fragments-extend [ level-1 | level-2]
[compatible rfc3786]
virtual-system system-id

Configures to ignore LSP checksum errors.
Enables fragment extension.
Configures an additional system ID.

(Optional) It is used to configure the CSNP broadcast interval.
Configures the CSNP interval on an interface. The

Configuring IS-IS SNPs
isis csnp-interval interval [ level-1 | level-2 ]

value range is 0 to 65,535, in the unit of seconds.
The default value is 10s.
No CSNPs are sent ifthe CSNP interval is set to0.

(Optional) It is used to configure the system type or interface circuit type in IS-IS.
Configuringthe IS-ISLevelType

is-type { level-1 | level-1-2 | level-2-only }
isis circuit-type { level-1 | level-1-2 | level-2-only
[ external] }

Configures the system type.
Configures the interface circuit type.

(Optional)Itisusedtoconfigureinterfaceauthentication,areaauthentication,andRD
authentication.
Configures the password for plaintext
authentication of Hello packets on an interface.
When send-only is included, the authentication

Configuring IS-IS Authentication
isispassword[0|7]password[send-only]

passwordisonlyusedtoauthenticatesentHello

[ level-1 | level-2 ]

packets. Received Hello packets are not
authenticated.
If no Level is specified, the configured
authentication and password take effect for all
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Configuration

Description and Command
Levels.
This command does not take effect if the isis
authentication mode command is executed.
Both commands are used to configure IS-IS
interfaceauthentication, but the isis password
command has a lower priority.Before you run the
isis password command, delete the isis
authentication mode command configuration.
Specifies authentication as plaintext or MD5.
Ifno Level isspecified, theauthentication mode
takes effect for all Levels.
If you use this command after the isispassword
isis authentication mode { text | md5 } [ level-1 |

password [ level-1 | level-2 ] command is

level-2 ]

executed, the previous command configuration
will be overwritten. Both commands are used to
configure IS-IS interface authentication, but the
isis authentication mode command has a higher
priority.
Configures the password for interface
authentication.

isis authentication key-chain name-of-chain
[ level-1 | level-2 ]

IfnoLevel isspecified, theconfiguredkeychain
takes effect for all Levels.
This command must be used with the isis
authenticationmodecommandtoconfigure
IS-IS interfaceauthentication.
(Optional) Specifies that interface authentication
is performed only on sent packets. Received
packets are not authenticated.
If no Level is specified, the send-only
authentication mode takes effect for all Levels.
This command is used to avoid network flapping
caused by a temporary authentication failure
when IS-ISauthentication isconfigured. Before

isis authentication send-only [ level-1 | level-2 ]

you deploy IS-IS authentication in the entire
network,runthe isisauthenticationmode {text
| md5 } [ level-1 | level-2 ] and isis
authentication key-chain name-of-chain
[level-1|level-2]commandson eachdevice.
After that, run the no isis authentication
send-only command to restore the
authentication of received packets. This realizes
smoothauthenticationdeployment and avoids
network flapping.
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Configuration

Description and Command
Configures the password for area (Level-1)
plaintext authentication.
Whensend-onlyisincluded,theauthentication
password is only used to authenticate sent
packets. Received packets are not authenticated.
area-password [ 0 | 7 ] password [ send-only ]

This command does not take effect if the
authentication mode command is executed.
BothcommandsareusedtoconfigureIS-ISarea
authentication, but the area-password
command has a lower priority.Before you run the
area-password command, delete the
authentication mode command configuration.
Specifies the IS-IS area authentication mode.
Ifyouusethiscommandafterthearea-password
password command is executed, the previous

authentication mode { text | md5 } level-1

command configuration will be overwritten. Both
commands are used to configure IS-IS area
authentication, but the authentication mode
command has a higher priority.
Configures the key chain for IS-IS area
authentication.

authentication key-chain name-of-chain level-1

This command must be used with the
authenticationmodecommandtoconfigure
IS-IS areaauthentication.
(Optional) Specifies that IS-IS area authentication
is performed only on sent packets. Received
packets are not authenticated.
This command is used to avoid network flapping
caused by a temporary authentication failure
when IS-ISauthentication isconfigured. Before
you deploy IS-IS authentication in the entire area,

authentication send-only level-1

run the authentication mode { text | md5 }
level-1 and authentication key-chain
name-of-chain level-1 commands on each device.
After that, run the no authentication send-only
command to restore the authentication of
received packets. This realizes smooth
authentication deployment and avoids network
flapping.
Configures the password for RD (Level-2)

domain-password [ 0 | 7 ] password [ send-only ]

plaintext authentication.
When send-only is included, the authentication
password is only used to authenticate sent
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Configuration

Description and Command
packets. Received packets are not authenticated.
This command does not take effect if the
authentication mode command is executed.
Both commands are usedtoconfigureIS-ISRD
authentication, but the domain-password
command has a lower priority.Before you run the
domain-password command, delete the
authentication mode command configuration.
Specifies the IS-IS RD authentication mode.
If you use this command after the
domain-password password command is
authentication mode { text | md5 } level-2

executed, the previous command configuration
will be overwritten. Both commands are used to
configure IS-IS RD authentication, but the
authentication mode command has a higher
priority.
Configures the password for IS-IS RD
authentication.

authentication key-chain name-of-chain level-2

This command must be used with the
authenticationmodecommandtoconfigure
IS-IS RDauthentication.
(Optional) Specifies that IS-IS RD authentication is
performed only on sent packets. Received
packets are not authenticated.
This command is used toavoid network flapping
caused by a temporary authentication failure
whenIS-ISauthenticationisconfigured.Before
youdeployIS-ISauthenticationintheentireRD,

authentication send-only level-2

run the authentication mode { text | md5 }
level-2 and authentication key-chain
name-of-chain level-2 commands on each device.
After that, run the no authentication send-only
command to restore the authentication of
received packets. This realizes smooth
authentication deployment and avoids network
flapping.

(Optional) It is used to enable IS-IS GR.
Enables the GR Restart capability on the device
Configuring IS-IS GR

graceful-restart

that works as a Restarter. By default, the GR
Restart capability is enabled.
(Optional) Configures the IS-IS GR time on the

graceful-restart grace-period seconds

device that works as a Restarter. The default value
is 300s.
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Configuration

Description and Command
EnablestheIS-ISGRHelpcapabilityonthedevice
no graceful-restart helper disable

that works as a Helper. By default, the GR Help
capability isenabled.

(Optional) It is used to enable IS-IS NSR.

Configuring IS-IS NSR
nsr

Enables the IS-ISNSR. By default, it is disabled.
(Optional) It is used to enable BFD support for IS-IS.

Configuring BFD Support for
IS-IS

bfd all-interfaces [anti-congestion]
isis bfd [ disable | anti-congestion ]

Enables BFD support for IS-IS on all interfaces.
Enables or disables BFD support for IS-IS on the
current interface.

(Optional) It is used to set the overload bit in LSPs.
Setting the IS-IS Overload Bit

set-overload-bit [ on-startup { seconds |
wait-for-bgp [ bgpseconds ] } ] [ suppress

Sets the overload bit.

{ [ interlevel ] [ external ] } ] [ level-1 | level-2 ]
Configuring IS-IS VRF

(Optional) It is used to bind an IS-IS instance with a VRF table.
vrf vrf-name

Binds an IS-IS instance with a VRF table.

(Optional) It isusedtocalculate IPv4and IPv6 unicastroutes inIS-ISbased on different topologies.
Configuring IS-IS MTR
multi-topology [ transition ]

Configures IS-IS to support IPv6 unicast
topologies.

(Optional)ItisusedtoallowtheSNMPsoftwaretoperformManagementInformationBase(MIB)
operations on IS-IS instances.
enable mib-binding

Configuring Simple Network
Management Protocol (SNMP)
for IS-IS

Performs MIB operations on the instance bound
with Tag 1.

configure terminal

Enters global configuration mode.

snmp-server enable traps isis

Enables IS-IS trap globally.

snmp-server host { host-addr | ipv6 ipv6-addr } [ vrf
vrfname ] [ traps ] [ version { 1 | 2c | 3 { auth |

Configures an SNMP host in global configuration

noauth | priv } ] community-string [ udp-port

mode to receive IS-IS trap messages.

port-num ]
router isis
enable traps all
Configuring IS-IS Two-way
Maintenance

EntersIS-ISrouting processconfiguration mode.
Allows the sending of all IS-IS trap messages to
the host with the IP address 10.1.1.1.

Optional.
two-way-maintain

Enables IS-IS two-way maintenance.

Optional.
Configuring Other IS-IS
Parameters

maximum-paths maximum
max-metric on-neighbor-up seconds
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IPv4/IPv6 equal-cost paths.
Configures the maximum metric for the
connected routes after the first neighbor is up.
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Configuration

Description and Command
lsp-length receive size
lsp-length originate size [ level-1 | level-2 ]
passive-interface [ default ] { interface-type
interface-number }
bandwidth-reference value
interfaces-protocol-compatible

Configures the maximum length allowed for
received LSPs.
Configures the maximum length allowed for sent
LSPs.
Configures a passive interface.
Configures the bandwidth reference for IS-IS to
automatically calculate the link metric.
Configures theTLVfield of the IS-IS protocol to be
padded based on protocols supported by an
interface.

is-name name
isis metric metric [ level-1 | level-2 ]
isis wide-metric metric [ level-1 | level-2 ]
Isis passive
isis priority value [ level-1 | level-2 ]
isis suppress on-neighbor-up seconds

Configures the instance name.
Configures the interface metric, which is valid
only when metric-style is set to Narrow.
Configures the interfacewide-metric value, which
is valid only when metric-style is set to Wide.
Configures the passive interface.
Configures the priority for DIS election on an
interface.
Suppressesthe routing calculation after theIS-IS
neighbor is up.
Generates a Level-2 default route, which will be

default-information originate [ route-map
map-name ]

advertised through LSPs.When the command
includes the route-map option, a default route is
generated only if the criteria in route-map are
met.

summary-addressip-addressnet-mask[level-1|
level-2 | level-1-2 ] [ metric number ]
summary-prefix ipv6-prefix/prefix-length [ level-1
| level-2 | level-1-2 ]
ignore-lsp-errors
log-adjacency-changes
redistribute

Configures an IPv4 summary route.
Configures an IPv6 summary route.
Configures to ignore LSP checksum errors.
Activates logging of IS-IS neighbor relationship
changes.
Configures route redistribution.

6.4.1 Enabling IS-IS

Configuration Effect



BeforeyourunIS-IS,createanIS-ISroutingprocessinglobalconfigurationmode.Youcansetthetagparameteraftertherouter
isiscommand toname the process.Youcan add differenttags toconfiguredifferent IS-ISroutingprocesses.The settingof the
tag parameter is optional.
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AsystemIDuniquelyidentifiesanISinaroutingAS;therefore,thesystemIDmustbeuniqueacrosstheAS.InIS-IS,eacharea
maycontainone or multiplearea IDs. Normally,you onlyneed toconfigure one area ID.Youcanconfiguremultiplearea IDsto
realize area division. If an IS is configured with multiple area IDs, the system IDs must be the same.



After an interface is added to the specified IS-IS routing process, the interface will establish a neighbor relationship.

Notes



The Level-1 IS devices in an area must be configured with the same area ID.



The core routing table does not distinguish the routing entries generated by different IS-IS routing processes.



The IP addresses of interfaces connected between neighbors must be in the same network segment.



If the two IP addresses are in different network segments, a neighbor relationship cannot be established.



If you need toadd an interfacetothe specified IS-IS routing process, set the tag parameter after the iprouter isis command to
indicate the process name.



If you run the no ip routing command in global configuration mode, IS-IS will disable IPv4 routing on all interfaces. That is, the
no ip router isis [ tag ] command is automatically executed on all interfaces. Other IS-IS settings remain unchanged.



Bydefault, CPUprotection isenabledon devices.For packets mappedtothe destinationgroup addresses (AllISSystems,
AllL1ISSystems, and AllL2ISSystems) in IS-IS, there is a default limit (for example, 400 pps) on the number of packets sent to the
CPU.Ifadevicehas manyneighbor relationshipsorsendsHellopacketsatshortintervals,theIS-ISpacketsthatthedevice
receivesmayexceedthedefaultlimit,causingfrequentflappingofneighbor relationships.Tosolvetheproblem, youcanuse
the CPU protection command in global configuration mode to increase the limit.

Configuration Steps



Starting an IS-IS Routing Process



Mandatory.



Perform this configuration in global configuration mode on each device, unless otherwise specified.



Configuring a NET Address in IS-IS



Mandatory.



Perform this configuration in IS-IS routing process configuration mode on each device, unless otherwise specified.



Enabling IS-IS on an Interfaces



Mandatory.



Perform this configuration in interface configuration mode on each device, unless otherwise specified.

Verification



Check whether devices send Hello packets.



Check whether devices establish neighbor relationships.



Check whether devices exchange LSPs.

Related Commands



Starting an IS-IS Routing Process
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Command

router isis [ tag ]

Parameter

tag: Indicates the name of an IS-IS instance.

Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to initialize an IS-IS instance and enter IS-IS routing process configuration mode.
An IS-IS instance will start running after a NET address is configured.
If you set the tag parameter when you start an IS-IS routing process, you need toadd the tag parameter when closing the
IS-IS routing process.
By default, CPU protection is enabled on devices. For packets mapped to the destination group addresses (AllISSystems,
AllL1ISSystems, and AllL2ISSystems) in IS-IS, there is a default limit (for example, 400 pps) on the number of packets sent
totheCPU.IfadevicehasmanyneighborrelationshipsorsendsHellopacketsatshortintervals,theIS-ISpacketsthatthe
devicereceives may exceedthe default limit, causing frequent flapping of neighbor relationships.Tosolvethe problem,
you can use the CPU protection command in global configuration mode to increase the limit.



Configuring a NET Address in IS-IS

Command

net net-address

Parameter

net-address:

Description

The NET address is in the format of XX.XXXX.YYYY.YYYY.YYYY.00. XX.XXXX indicates the area ID, and YYYY.YYYY.YYYY
indicates the system ID.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Use this command to configure an area ID and a system ID in IS-IS.
Different NET addresses must have the same system ID.



Enabling IS-IS on an Interface

Command

ip router isis [ tag ]

Parameter

tag: Indicates the name of an IS-IS instance.

Description
Command

Interface configuration mode

Mode
Usage Guide

Usethiscommand toenable an interface toparticipate in IS-ISIPv4routing. Usethe no formof this command to disable
the IS-IS routing process on the interface.
If you run the no iproutingcommand in global configuration mode, IS-ISwill disable IPv4routing on all interfaces.That
is, the no ip router isis [ tag ] command is automatically executed on all interfaces. Other IS-IS settings remain
unchanged.

Configuration Example



Establishing a Neighbor Relationship on an IS-IS P2P Link

Scenario
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Router A and Router B are connected in P2P mode.
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Figure 6- 9
P2P Link
Topology

Configuration
Steps
A



Configure IS-IS.



Configure Wide Area Network (WAN) interfaces.

A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config)# interface Serial 1/0
A(config-if)# ip address 192.168.1.1 255.255.255.252
A(config-if)# ip router isis

B

B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
B(config)# interface Serial 1/0
B(config-if)# ip address 192.168.1.2 255.255.255.252
B(config-if)# ip router isis

Verification



Enable sending of Hello packets from the interface 192.168.1.1 on Router A to the interface 192.168.1.2 on
Router B.

A



Establish an IS-IS neighbor relationship between Router A and Router B, with the neighbor state being Up.



Check the LSPs on Router A and Router B. The system IDs 0000.0000.0001 and 0000.0000.0002 should exist.

A# show isis neighbors
A# show isis database detail

B



B# show isis neighbors
Establishing a Neighbor Relationship on an IS-IS Broadcast Link

Scenario

www.fs.com

Router A, Router B, and Router C are interconnected through the Ethernet.
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Figure 6- 10
IS-IS Broadcast
Link Topology

Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.

A

A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config)# interface GigabitEthernet 0/0
A(config-if)# ip address 10.1.1.1 255.255.255.0
A(config-if)# ip router isis

B

B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
B(config)# interface GigabitEthernet 0/0
B(config-if)# ip address 10.1.1.2 255.255.255.0
B(config-if)# ip router isis

C

C(config)# router isis
C(config-router)# net 49.0001.0000.0000.0003.00
C(config)# interface GigabitEthernet 0/0
C(config-if)# ip address 10.1.1.3 255.255.255.0
C(config-if)# ip router isis

Verification

EnablesendingofHellopacketsfromtheinterface10.1.1.1onRouterAtotheinterface10.1.1.2 onRouterBandthe
interface 10.1.1.3 on Router C.



Establish IS-IS neighbor relationships between Router A and Router B and between Router A and Router C, with the
neighbor statebeing Up.



Check theLSPs on Router A, Router B, and Router C.The systemIDs0000.0000.0001, 0000.0000.0002, and
0000.0000.0003 should exist.

A

www.fs.com

A# show isis neighbors
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A# show isis database detail
B

B# show isis neighbors

C

C# show isis neighbors



Performing Simple IS-ISv6 Configuration

Scenario

Router A and Router B are connected through the Ethernet.

Figure 6- 11
IS-ISv6
Broadcast Link
Topology

Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.

A

A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config)# interface GigabitEthernet 0/0
A(config-if)# ipv6 address 1000 ::1/112
A(config-if)# ipv6 router isis

B

B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
B(config)# interface GigabitEthernet 0/0
B(config-if)# ipv6 address 1000 ::2/112
B(config-if)# ipv6 router isis

Verification

Enablesendingof Hellopacketsfromtheinterface1000::1onRouterAtotheinterface1000::2onRouter B.
Establishan IS-ISneighbor relationshipbetweenRouter Aand Router B,withthe neighbor statebeing Up.
Check theLSPs on Router Aand Router B.The system IDs 0000.0000.0001 and 0000.0000.0002 should exist.

A

A# show isis neighbors
A# show isis database detail

B

B# show isis neighbors

Common Errors



The IP addresses of the interfaces connected between neighbors are not in the same network segment.
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The ip router isis command is not executed on interfaces.



No NET address is configured, or different NET addresses exist at Level-1.



max-area-addresses is configured differently on both sides.



metric-style is configured differently on both sides.



The interface Levels on both sides are different. One side is Level-1, whereas the other side is Level-2.



One side is configured with the P2P mode, whereas the other side is configured with the broadcast mode.



One side is enabled with authentication, whereas the other side is not.

6.4.2 Configuring IS-IS Hello Packets

Configuration Effect



Configure the Hello packet interval on an interface. The value range is 1 to 65,535, in the unit of seconds.



Configure the Hello packet holdtime multiplier on an IS-IS interface.

Notes



Youcan changetheHellopacket holdtimebyusingtheisishello-multipliercommandor isishello-intervalcommand or
both.



Bydefault, CPUprotection isenabledon devices.For packets mappedtothe destinationgroup addresses (AllISSystems,
AllL1ISSystems, and AllL2ISSystems) in IS-IS, there is a default limit (for example, 400 pps) on the number of packets sent to the
CPU.If adevicehas many neighbor relationships orsends Hello packetsat shortinterval, the IS-ISpacketsthat the device
receivesmayexceedthedefaultlimit,causingfrequentflappingofneighbor relationships.Tosolvetheproblem, youcanuse
the CPU protection command in global mode to increase the limit.

Configuration Steps



Configuring the Hello Packet Interval on an Interface



Perform this configuration based on requirements.



Run the isis hello-interval command in interface configuration mode on the desired device, unless otherwise specified.



Configuring the Hello Packet Holdtime Multiplier on an Interface



Perform this configuration based on requirements.



Run the isis hello-multiplier command in interface configuration mode on the desired device, unless otherwise specified.

Verification



Enable Router A to send Hello packets to Router B and Router C, and capture packets to check the packet interval.



MakeRouter BorRouterCdown.Aftertheholdtimehas elapsed,checkwhetherthecorrespondingneighborrelationshipon
Router A isinvalid.

Related Commands



Configuring the Hello Packet Interval on an Interface

Command

www.fs.com

isis hello-interval { interval | minimal } [ level-1 | level-2 ]
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Parameter

interval: Indicates the Hello packet interval. The value range is 1 to65,535, in the unit of seconds.The default value is 10.

Description

minimal: Indicates the minimum value of the holdtime, which is 1.
level-1: Applies the setting to Level-1 Hello packets.
level-2: Applies the setting to Level-2 Hello packets.

Command

Interface configuration mode

Mode
Usage Guide

Use this command to change the Hello packet interval. The default interval is 10s. A DIS sends Hello packets at a
frequencythreetimesthatby non-DISdevicesinabroadcastnetwork.IfanISiselectedastheDISon theinterface,by
default, the interface sends a Hello packet every 3.3s.
If the keyword minimal is used, the Hello packet holdtime is set to 1. The Hello packet interval will be calculated based on
the holdtime multiplier. If the holdtime multiplier is set to 4 and the isis hello-interval minimal command is executed,
the Hello packet interval is equal to 1s divided by 4. The default Hello packet holdtime multiplier on an IS-IS interface is 3.
The holdtime is equal to the holdtime multiplier multiplied by the packet interval. If the keyword minimal is used, the
holdtime is set to 1. The packet interval is equal to 1 divided by the holdtime multiplier. If the holdtime multiplier is set to
4 and the isis hello-interval minimal command is executed, the packet interval is equal to 1 divided by 4s, which is 250
ms.



Configuring Hello Packet Holdtime Multiplier on an Interface

Command

isis hello-multiplier multiplier-number [ level-1 | level-2 ]

Parameter

multiplier-number: Indicates the Hello packet holdtime multiplier. The value range is 2 to 100. The default value is 3.

Description
Command

Interface configuration mode

Mode
Usage Guide

The Hello packet holdtime is equal to the Hello packet interval multiplied by the holdtime multiplier.

Configuration Example



Configuring the Hello Packet Interval and Holdtime on an IS-IS Interface

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the Hello packet interval on an IS-IS interface.



Configure the Hello packet holdtime multiplier on an IS-IS interface.

A(config)# interface GigabitEthernet 0/0
A(config-if)# isis hello-interval 5
A(config-if)#isishello-multiplier5

Verification

Enable Router A to send Hello packets to Router B and Router C, and capture packets to check the packet interval.
MakeRouterBorRouterCdown.Aftertheholdtimehas elapsed,checkwhetherthecorrespondingneighbor
relationship on Router A is invalid.
A# show isisneighbor
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6.4.3 Configuring IS-IS LSPs

Configuration Effect



isis lsp-interval: Configures the LSP interval on an IS-IS interface.



isis lsp-flood: Sets the number of LSP PDUs sent by the IS-IS interface at a time.



lsp-gen-interval: Configures the minimum LSP generational interval. The LSP generational interval is the interval between the
new-version LSP generation time and the old-version LSP generation time.



isisretransmit-interval:AfteradeviceatoneendofaP2PlinksendsanLSPpacket,ifthedevicereceivesnoresponsewithina
period of time, it determines that the LSP packet is lost or dropped due to an error.The device will resend the LSP packet.



Isp-gen-interval: Indicates the exponential backoff algorithm of LSP packet generation. Any update torelated information
forming the LSP packet leads to LSP packet generation. During network flapping, LSP packets are frequently generated, which
increasessystemresourceconsumption.Anappropriatevaluecanbesetbyrunning thelsp-gen-intervalcommand.Inthis
way, LSP packets are generated and advertised in time when the network is stable. When the network becomes unstable, less
LSP packets are generated as the flapping continues, reducing the device consumption.



lsp-refresh-interval: All current LSPs are periodically retransmitted to enable each network node to maintain the latest LSPs.
Theretransmissionperiod iscalledtheLSP refreshinterval,whichaimstoupdate andsynchronize LSPsintheentire area.



max-lsp-lifetime: An LSP contains a field to indicate its lifetime. When a device generates an LSP,the field is set to the
maximumlifetimeof theLSP.AftertheLSPisreceivedbythepeerdevice,itslifetimewilldecreasewithtime.Thepeer device
willreplacetheoldLSPwiththenewlyreceivedone.IfthedevicereceivesnonewLSPuntiltheexistingLSP'slifetimedecreases
to0, the existing LSP is stillmaintained inthe LSDB for another 60s. If thedevice stillreceives no new LSP during this period, the
existing LSP will be deleted from the LSDB. This mechanism updates and synchronizes LSPs in the entire area.

 min-lsp-arrival: During network flapping, LSP packets are frequently duplicated and the LSP packet sequence number
constantly increases. As a result, the device keeps receiving duplicate LSP packets with different sequence numbers. If the
device processes the duplicate LSP packets, more system resources are consumed. An appropriate value can be set by running
themin-lsp-arrival command. In this way, LSPs are received and processed intime when the network is stable.When the
networkbecomes unstable, lessduplicateLSP packetsarereceivedand processedastheflappingcontinues, reducingthe
device consumption.



ignore-lsp-errors: After receiving an LSP, the local IS-IS neighbor calculates its checksum and compares it with the checksum
containedin the LSP.By default, if the two checksumsare inconsistent, theLSP willbe discarded. If you run theignore-lsperrors command to configure to ignore checksum errors, the LSP will be processed normally despite checksum inconsistency.



lsp-fragments-extend: Enables LSP fragment extension, which is used to generate an extended LSP when the 256 fragments of
the original LSP are used up.

Notes



The LSP refresh interval must be smaller than the maximum LSP lifetime.



The maximum LSP lifetime must be greater than the LSP refresh interval.



The value of initial-interval cannot be greater than that of maximum-interval. Otherwise, the value of initial-interval will be
used as the value of maximum-interval.



The value of hold-interval cannot be greaterthan that of maximum-interval. Otherwise,the value of hold-interval will be
used as the value of maximum-interval.
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The value of initial-interval cannot be greater than that of hold-interval. Otherwise, the value of initial-interval will be used
as the value of hold-interval.

Configuration Steps



Configuring the Minimum LSP Interval



Perform this configuration based on requirements.



Run the isis lsp-interval command in interface configuration mode on the desired device, unless otherwise specified.



Configuring the Maximum Number of LSP Packets Sent at a Time



Perform this configuration based on requirements.



Run the isis lsp-flood command in interface configuration mode on the desired device, unless otherwise specified.



Configuring the LSP Retransmission Interval



Perform this configuration based on requirements.



Run the isis retransmit-interval command in interface configuration mode on the desired device, unless otherwise specified.



Configuring LSP Packet Generation Cycle



Perform this configuration based on requirements.



Run the lsp-gen-interval command in interface configuration mode on the desired device, unless otherwise specified.



Configuring the LSP Refresh Interval



Perform this configuration based on requirements.



Run the lsp-refresh-interval command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the LSP Lifetime



Perform this configuration based on requirements.



Run the max-lsp-lifetime command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the Interval for Receiving Duplicate LSP Packets



Perform this configuration based on requirements.



Run the min-lsp-arrival command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring to Ignore LSP Checksum Errors



Perform this configuration based on requirements.



Run the ignore-lsp-errors command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring LSP Fragment Extension



Perform this configuration based on requirements.
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Run the lsp-fragments-extend and virtual-system commands in IS-IS routing process configuration mode on the desired
device, unless otherwise specified.

Verification



Update LSPs continuously and capture LSPs to check the minimum LSP interval.



Disable neighboring routes and capture LSPs to check the LSP retransmission interval.



Capture LSPs to check the refresh interval.



Check the LSP lifetime.



Send an LSP with an incorrect checksum and check whether the LSP is discarded.



Reducethelsp-lengthoriginatecommandvalue,addroutinginformation,andcaptureLSPstocheckwhethermorethan256
LSP fragments are generated.

Related Commands



Configuring the Minimum LSP Interval

Command

isis lsp-interval interval [ level-1 | level-2 ]

Parameter

milliseconds: Indicates the LSP interval. The value range is 1 to 4,294,967,295, in the unit of milliseconds.

Description

level-1: Applies the setting only to Level-1 LSPs.
level-2: Applies the setting only to Level-2 LSPs.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the Maximum Number of LSP Packets Sent at a Time

Command

isis lsp-flood lsp-number [ level-1 | level-2]

Parameter

lsp-number: Indicates the maximum number of LSP packets sent by the IS-IS interface at a time.The value range is 1 to

Description

1000. The default value is 5.
level-1: Applies the configuration only to Level-1.
level-2: Applies the configuration only to Level-2.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring LSP Packet Generation Cycle

Command

lsp-gen-interval [ level-1 | level-2 ] maximum-interval [initial-interval hold-interval]

Parameter

level-1: Applies the configuration only to Level-1.

Description

level-2: Applies the configuration only to Level-2.
maximum-interval:Indicates themaximum interval forgenerating twoconsecutive LSP packets.The value range is1 to
65535 (in seconds). The default value is 5.
initial-interval: Indicates the waiting timefor generating an LSP packet for the first time.The value range is 0 to60000 (in
milliseconds). The default value is 50.
hold-interval: Indicates the minimum interval for generating an LSP packet for the second time.The value range is 10 to
60000 (in milliseconds). The default value is 200.
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Configuration

IS-IS routing process configuration mode

Mode
Usage Guide

The LSP packet generation interval refers to the interval for generating two different LSP packets. A smaller generation
interval indicates faster network convergence, which, however, will be accompanied by frequent flooding on the
network.
The waiting time for generating an LSP packet for the first time is the initial interval. If the network becomes unstable, the
LSPpacketregenerationinterval ischanged tobelessthan themaximuminterval, andtheinterval forgeneratingan LSP
packet for the second time becomes the hold interval. A corresponding penalty will be added to this interval: The next
interval for regenerating a LSP packet doubles the previous interval for generating the same LSP packet, until the
regeneration interval reaches the maximum interval. Subsequent LSP packets will be generated at the maximum interval.
Whenthe network becomes stable,the LSPpacket regeneration interval becomes greater than the maximum interval,
and the waiting time for LSP packet generation is restored to the initial interval.
Link changes have high requirements for convergence. The initial interval can be set to a small value. The preceding
parameters can also be adjusted to larger values to reduce CPU consumption.
The value of initial-interval cannot be greater than that of maximum-interval. Otherwise, the value of initial-interval
will be used as the value of maximum-interval.
The value of hold-interval cannot be greater than that of maximum-interval. Otherwise,the value of hold-interval will
be used as the value of maximum-interval.
The value of initial-interval cannot be greater than that of hold-interval. Otherwise, the value of initial-interval will be
used as the value of hold-interval.



Configuring the LSP Retransmission Interval

Command

isis retransmit-interval interval [ level-1 | level-2 ]

Parameter

seconds: Indicates the LSP retransmission interval. The value range is 0 to 65,535, in the unit of seconds.

Description

level-1: Applies the setting only to Level-1 LSPs.
level-2: Applies the setting only to Level-2 LSPs.

Command

Interface configuration mode

Mode
Usage Guide

Use this command to configure the LSP retransmission interval. In a P2P network, after a device sends an LSP,if the device
receives no PSNP response within the time specified by this command, it will resend the LSP. If the retransmission
interval is set to 0, the LSP will not be resent,



Configuring the LSP Refresh Interval

Command

lsp-refresh-interval interval

Parameter

interval:Indicatesthe LSP refreshinterval.The value range is1 to65,535, inthe unitof seconds.The default value is900.

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

After anLSP has remained stable fora period specified bythiscommand, itwillbe refreshed and updated before being
published.
The LSP refresh interval must be smaller than the maximum LSP lifetime.



Configuring the LSP Lifetime

Command
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Parameter

value: Indicatesthe maximumtimethatLSPs keepalive.Thevalue range is1 to65,535, intheunit ofseconds.The default

Description

value is 1,200.

Command

IS-IS routing process configuration mode

Mode
Usage Guide



The maximum LSP lifetime must be greater than LSP refresh interval.

Configuring the Interval for Receiving Duplicate LSP Packets

Command

min-lsp-arrival [ level-1 | level-2 ] maximum-interval initial-interval hold-interval

Parameter

level-1: Applies the configuration only to Level-1.

Description

level-2: Applies the configuration only to Level-2.
maximum-interval: Indicates the maximum interval for receiving two duplicateLSP packets.The value range is 1 to 120
(in seconds).
initial-interval: Indicates the interval for receiving a duplicate LSP packet for the first time. The value range is 0 to 60000
(in milliseconds).
hold-interval:Indicates the minimum interval for receiving a duplicateLSP packet for thesecond time.The value range is
10 to 60000 (in milliseconds).

Command

IS-IS routing process configuration mode

Mode
Usage Guide

The interval for receiving a duplicate LSP packet for the first time is the initial interval. When the interval for receiving
duplicateLSP packetsislessthan themaximum interval,the interval forreceivingaduplicateLSP packet forthe second
time becomes the hold interval. In addition, a corresponding penalty is added to this interval: The next interval for
receiving a duplicate LSP packet doubles the previous interval for receiving the same LSP packet, until this interval
reaches the maximum interval. When the network becomes stable, the interval for receiving a duplicate LSP packet
becomes greater than themaximum interval, and the interval for receiving a duplicate LSPpacket isrestoredto theinitial
interval.
Link changes have high requirements for convergence. The initial interval can be set to a small value. The preceding
parameters can also be adjusted to larger values to reduce CPU consumption.
The value of initial-interval cannot be greater than that of maximum-interval. Otherwise, the value of initial-interval
will be used as the value of maximum-interval.
The value of hold-interval cannot be greater than that of maximum-interval. Otherwise,the value of hold-interval will
be used as the value of maximum-interval.
The value of initial-interval cannot be greater than that of hold-interval. Otherwise, the value of initial-interval will be
used as the value of hold-interval.



Configuring to Ignore LSP Checksum Errors

Command

ignore-lsp-errors

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

After receiving an LSP, the local IS-IS neighbor calculates its checksum and compares it with the checksum contained in
theLSP.By default,ifthetwochecksumsareinconsistent,theLSP willbediscarded. If yourun theignore-lsp- errors
command toconfigure toignore checksumerrors, theLSP willbe processednormally despite checksuminconsistency.



Configuring LSP Fragment Extension
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Command

lsp-fragments-extend [ level-1 | level-2 ] [compatible rfc3786]

Parameter

level-1: Applies the setting only to Level-1 LSPs.

Description

level-2: Applies the setting only to Level-2 LSPs.
compatible: Indicates compatibility with the RFC version of extended LSPs.
rfc3786: Extends the LSP old version.

Command

IS-IS routing process configuration mode

Mode
Usage Guide



Use this command to enable LSP fragment extension.

Configuring an Additional System ID

Command

virtual-system system-id

Parameter

system-id: Indicates an additional system ID (6-byte).

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

UsethiscommandtoconfiguretheadditionalsystemIDofanIS-ISroutingprocess,whichisusedbytheextendedLSP
that is generated after the 256 fragments of the original LSP are used up. Toenable fragment extension, run the
lsp-fragments-extend command.

Configuration Example



Configuring the Minimum LSP Interval

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the minimum LSP interval.

A(config)# interface GigabitEthernet 0/1
A(config-if)# isis lsp-interval 100 level-2

Verification



Run the clear isis * command to update LSPs continuously and capture LSPs to check the minimum LSP interval.

Configuring the Maximum Number of LSP Packets Sent at a Time

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the maximum number of LSP packets sent at a time.

A(config)# interface GigabitEthernet 0/1
A(config-if)# isis lsp-flood 10 level-2
Verification



Run show isis interface command to check the maximum number of LSP packets sent at a time.

Configuring the LSP Retransmission Interval

Configuration
Steps
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Configure the LSP retransmission interval.

1024

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

A(config)# interface serial 0/1
A(config-if)# isis retransmit-interval 10 level-2

Verification



Disable neighboring routes and capture LSPs to check the LSP retransmission interval.

Configuring LSP Packet Generation Cycle

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the LSP packet generation cycle.

A(config)# router isis
A(config-router)# lsp-gen-interval 5 50 100
Verification



Generate LSP packet frequently to see whether the exponential backoff algorithm is used.

Configuring the LSP Refresh Interval

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the LSP refresh interval.

A(config)# router isis
A(config-router)# lsp-refresh-interval 600

Verification



Capture LSPs to check the refresh interval.

Configuring the LSP Lifetime

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the LSP lifetime.

A(config)# router isis
A(config-router)# max-lsp-lifetime 1500

Verification

Check the LSP lifetime (LSP Holdtime field).
A# show isis database



Configuring the Interval for Receiving Duplicate LSP Packets

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the interval for receiving duplicate LSP packets.

A(config)# router isis
A(config-router)# min-lsp-arrival 10 100 200
Verification

Check LSP Seq Num field, that is, the receiving LSP status.
A# show isis database
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Configuring to Ignore LSP Checksum Errors

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure to ignore LSP checksum errors.

A(config)# router isis
A(config-router)# ignore-lsp-errors

Verification



Send an LSP with an incorrect checksum and check whether the LSP is discarded.

Configuring LSP Fragment Extension

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure LSP fragment extension.



Configure the additional system ID of the IS-IS routing process.

A(config)# router isis
A(config-router)# lsp-fragments-extend
A(config-router)# virtual-system 0000.0000.0034

Verification

Reduce the lsp-length originate command value, add routing information, and capture LSPs to check whether more
than 256 LSP fragments are generated.

6.4.4 Configuring IS-IS SNPs

Configuration Effect



CSNPs are periodically broadcast by the DIS in a broadcast network for LSDB synchronization. In a P2P network, a CSNP is sent
only after a neighbor relationship is established. An interface set to mesh-groups can be configured to periodically send CSNPs.



Whenyouneed tosetmesh-grouponan IS-ISinterface,runthe isiscsnp-interval commandtoconfigurethenon-0CSNP
intervaltoensurecompleteLSPsynchronizationbetweenneighborsinthenetwork.Afterthat,CNSPswillbeperiodicallysent
to synchronize LSPs.

Configuration Steps



Perform this configuration based on requirements.



Runtheisiscsnp-intervalinterval[level-1|level-2]commandininterfaceconfigurationmodeonthedesireddevice,unless
otherwise specified.

Verification
Capture CSNPs in the broadcast network to check the CSNP interval.
Related Commands



Configuring Source Registration Filter
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Command

isis csnp-interval interval [ level-1 | level-2 ]

Parameter

interval: Indicates the CSNP interval. The value range is 0 to 65,535, in the unit of seconds.

Description

level-1: Applies the setting only to Level-1 CSNPs.
level-2: Applies the setting only to Level-2 CSNPs.

Command

Interface configuration mode

Mode
Usage Guide

Use this command to change the CSNP interval. By default, a DIS sends a CSNP every 10s in a broadcast network.
In a P2P network, a CSNP is sent only after a neighbor relationship is established. An interface set to mesh-groups can be
configured to periodically send CSNPs.
No CSNPs are sent if the CSNP interval is set to 0.

Configuration Example



Configuring the CSNP Broadcast Interval

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure the CSNP broadcast interval.

A(config)# interface GigabitEthernet 0/1
A(config-if)# isis csnp-interval 20

Verification

Capture packets to check the CSNP interval.

6.4.5 Configuring the IS-IS Level Type

Configuration Effect



IS-IS supports a two-Level system to realize routing management and extensible route selection in a large network. Each Level
is only concerned about maintaining the topology of the corresponding area.



Youcan run the is-type command in IS-IS routing process configuration mode to configure an IS-IS Level, or run the isis
circuit-type command in interface configuration mode to configure the IS-IS Level of an interface. The default Levels specified
by the is-type and isis circuit-type commands are Level-1/Level-2. If you run both commands, the interface only sends the
PDUs of the same Level specified by the two commands.

Notes



If Level-1 or Level-2-only is configured using the circuit-type command, IS-IS will only send PDUs of the corresponding Level.



If an interfaceis set to external, the interface willwork as an external domain interfaceand IS-ISwill not send PDUs of the
corresponding Level.



A device can have only one instance running at Level-2 (including Level-1/Level-2).

Configuration Steps



Configuring the System Type



Perform this configuration based on requirements.



Run the is-type command in IS-IS routing process configuration mode on the desired device, unless otherwise specified.
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Configuring the Interface Circuit Type



Perform this configuration based on requirements.



Run the isis circuit-type command in interface configuration mode on the desired device, unless otherwise specified.

Verification



CheckwhetheronlytheinstancesoftheLevelspecifiedbytheis-typecommandareprocessed,andneighborsofthe
corresponding Level are created.



Check whether the interface only sends the PDUs of the same Level specified by the is-type and circuit-type commands.

Related Commands



Configuring the System Type

Command

is-type { level-1 | level-1-2 | level-2-only }

Parameter

level-1: Indicates that IS-IS only runs at Level-1.

Description

level-1-2: Indicates that IS-IS runs at Level-1 and Level-2.
level-2-only: Indicates that IS-IS only runs at Level-2.

Command

IS-IS routing process configuration mode

Mode
Usage Guide



Changing the is-type value will enable or disable the routes of the corresponding level.

Configuring the Interface Circuit Type

Command

isis circuit-type { level-1 | level-1-2 | level-2-only [ external ] }

Parameter

level-1: Establishes a Level-1 neighbor relationship.

Description

level-2-only: Establishes a Level-2 neighbor relationship.
level-1-2: Establishes a Level-1/Level-2 neighbor relationship.
external:Usestheinterfaceasanexternaldomaininterface.

Command

Interface configuration mode

Mode
Usage Guide

If the circuit type is set to Level-1 or Level-2-only, IS-IS will only send PDUs of the corresponding Level.
If the system type is set to Level-1 or Level-2-only, IS-IS only processes the instances of the corresponding Level, and the
interface only sends the PDUs of the same Level specified by the is-type and circuit-type commands.
If the interface is set to external, the interface will work as an external domain interface and IS-IS will not send PDUs of
the corresponding Level.

Configuration Example



Configuring IS-IS Levels

Configuration

RouterAisconnectedtoRouterBandRouterCbyP2Pseriallinks.RouterBandRouterCareconnectedbythe

Requirements

Ethernet, and Router D and Router E are also connected by the Ethernet. On Router A, configure IS-IS area route
summarization. Note that area route summarization can be configured only on border devices.

Figure 6- 12
IS-IS Level
Configuration
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Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.



Configure the IS-IS Level structure.

A

Configure IS-IS.
A(config)# router isis
A(config-router)# net 50.0001.0000.0000.0001.00
A(config-router)# is-type level-2-only
Configuretwoseriallinkports.
A(config)# interface Serial 1/0
A(config-if)# ip address 192.168.1.1 255.255.255.252
A(config-if)# ip router isis
A(config)# interface Serial 1/1
A(config-if)# ip address 192.168.2.1 255.255.255.252
A(config-if)# ip router isis

B

Configure IS-IS.
B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
Configure an Ethernet interface.
B(config)# interface GigabitEthernet 0/0
B(config-if)# ip address 192.168.10.1 255.255.255.0
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B(config-if)# ip router isis
Configure a serial link port.
B(config)# interface Serial 1/0
B(config-if)# ip address 192.168.1.2 255.255.255.252
B(config-if)# ip router isis
C

Configure IS-IS.
C(config)# router isis
C(config-router)# net 49.0001.0000.0000.0003.00
C(config-router)# is-type level-1
Configure an Ethernet interface.
C(config)# interface GigabitEthernet 0/0
C(config-if)# ip address 192.168.10.2 255.255.255.0
C(config-if)# ip router isis

D

Configure IS-IS.
D(config)# router isis
D(config-router)# net 49.0002.0000.0000.0004.00
Configure an Ethernet interface.
D(config)# interface GigabitEthernet 0/0
D(config-if)# ip address 192.168.20.1 255.255.255.0
D(config-if)# ip router isis
Configure a serial link port.
D(config)# interface Serial 1/0
D(config-if)# ip address 192.168.2.2 255.255.255.252
D(config-if)# ip router isis

E

Configure IS-IS.
E(config)# router isis
E(config-router)# net 49.0002.0000.0000.0005.00
E(config-router)# is-type level-1
Configure an Ethernet interface.
E(config)# interface GigabitEthernet 0/0
E(config-if)# ip address 192.168.20.2 255.255.255.0
E(config-if)# ip router isis

Verification
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A



Capture packets to check whether Router A only sends and receives Level-2 packets.



Capture packets to checkwhether RouterB and Route D only send and receive Level-1and Level-2packets.



Capture packets to check whether Router C and Router E only send and receive Level-1 packets.

A# show isis neighbors
A# show isis database detail

B

B# show isis neighbors
B# show isis database detail

C

C# show isis neighbors
C# show isis database detail

D

D# show isis neighbors
D# show isis database detail

E

E# show isis neighbors
E# show isis database detail

6.4.6 Configuring IS-IS Authentication

Configuration Effect



Interfaceauthenticationisintendedforestablishingand maintaining neighbor relationships.Aneighbor relationshipcannot be
established between two IS-IS devices with different interface authentication passwords. This prevents unauthorized or
unauthenticated IS-IS devices from joining an IS-IS network that requires authentication. Interface authentication passwords are
encapsulated in Hello packets before being sent.



Area authentication and RD authentication in IS-IS are performed to verify LSPs, CSNPs, and PSNPs to prevent unauthorized or
unauthenticated routing information from being injected into the LSDB. Authentication passwords are encapsulated in LSPs,
CSNPs, and PSNPs before being sent.

Notes



AninterfaceauthenticationpasswordisencapsulatedinaHellopacketbeforebeing sentbyaninterface.Whenaninterface
receives a Hello packet, it checks the password in the packet against the existing one.



Area authentication passwords are encapsulated in Level-1 LSPs, CSNPs, and PSNPs. When an interface receives an LSP, CSNP, or
PSNP, it checks the password in the packet against the existing one.



RD authentication passwords are encapsulated in Level-2 LSPs, CSNPs, and PSNPs. When an interface receives an LSP, CSNP, or
PSNP, it checks the password in the packet against the existing one.

Configuration Steps



Configuring Interface Authentication



Perform this configuration based on requirements.



Configure isis password in interface configuration mode on the desired device, unless otherwise specified.



Configuring Area Authentication
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Perform this configuration based on requirements.



Run the area-password command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring RD Authentication



Perform this configuration based on requirements.



Run the domain-password command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.

Verification



IS-IS plaintext authentication provides only limited security because the password transferred through a packet is visible.



IS-IS MD5 authentication provides higher security because the password transferred through a packet is encrypted using the
MD5 algorithm.

Related Commands



Configuring the Password for Plaintext Authentication of Hello Packets on an Interface

Command

isis password [ 0 | 7 ] password [ send-only ] [ level-1 | level-2 ]

Parameter

0: Indicates that the key is displayed in plaintext.

Description

7: Indicates that the key is displayed in ciphertext.
password-string: Indicates the password string for plaintext authentication. The string can contain up to 126 characters.
send-only: Indicatesthat the plaintext authentication passwordis only used toauthenticatesent packets.Received
packets are not authenticated.
level-1:Applies thesetting totheLevel-1 circuittype.
level-2:Applies thesetting totheLevel-2 circuittype.

Command

Interface configuration mode

Mode
Usage Guide

Use thiscommand to configure the password for Hello packet authentication on an interface. Usethe no formof this
command to clear the password.
If no Level is specified, by default, the password takes effect for Level-1 and Level-2 circuit types.
Thiscommand doesnot takeeffectif theisisauthentication modecommand isexecuted.Youneedtofirstdeletethe
previous command configuration.
If you include the send-only parameter when deleting the isis authentication mode command configuration, only the
parameter setting is canceled.



Specifying Interface Authentication as Plaintext or MD5

Command

isis authentication mode { md5 | text } [ level-1 | level-2 ]

Parameter

md5: Uses MD5 authentication.

Description

text: Uses plaintext authentication.
level-1:Applies thesetting totheLevel-1 circuittype.
level-2:Applies thesetting totheLevel-2 circuittype.

Command

Interface configuration mode

Mode
Usage Guide

www.fs.com

Use this command to specify the authentication mode before you can make the key chain configured using the isis

1032

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

authentication key-chain command take effect.
If no Level is specified, the authentication mode will take effect for Level-1 and Level-2 circuit types.
Ifyouusetheisisauthenticationmodecommandaftertheisispasswordcommandisexecutedtoconfigureplaintext
authentication, the previous command configuration will be overwritten.
The isispassword commanddoes nottake effectifthe isisauthenticationmode command isexecuted.Toruntheisis
password command, delete the isis authentication mode command configuration first.



Configuring the Password for Interface Authentication

Command

isis authentication key-chain name-of-chain [ level-1 | level-2 ]

Parameter

name-of-chain: Indicates the name of a key chain. The maximum length is 255.

Description

level-1: Indicates that the authentication key chain takes effect for Level-1.
level-2: Indicates that the authentication key chain takes effect for Level-2.

Command

Interface configuration mode

Mode
Usage Guide

Authentication is not performed if no key chain is configured using the key chain command. In addition to the key chain
command, you also need to run the isis authentication mode command to make IS-IS key chain authentication take
effect.
The keychain isapplicable toplaintext authenticationand MD5authentication.Whichauthenticationmode tousecan
be determined using the isis authentication mode command.
Forplaintext authentication,thekey-stringinthekeychaincannot exceed80characters;otherwise, thekeychainwillbe
invalid.
Only one key chain can be used at a time. After you configure a new key chain, it will replace the original one.
If no Level is specified, the key chain takes effect for Level-1 and Level-2.
The key chain is applicable to Hello packets. IS-IS will send or receive passwords that belong to the key chain.
Akey chain may contain multiple passwords. Apassword witha smaller SN is preferentially usedfor sending a packet.
Whenthepacketarrivesatthepeerdevice,thedevicewillreceivethepacketifthepacket-carriedpasswordisconsistent
with a password in the key chain.
Theauthenticationcommands(forexample,authenticationkey-chain)executedinIS-ISroutingprocessconfiguration
mode are intended for LSPs and SNPs. They do not take effect for IS-IS interfaces.



(Optional) Applying Interface Authentication Only to Sent Packets (Received Packets Are Not Authenticated)

Command

isis authentication send-only [ level-1 | level-2 ]

Parameter

level-1: Sets send-only for Level-1 on an interface.

Description

level-2: Sets send-only for Level-2 on an interface.

Command

Interface configuration mode

Mode
Usage Guide

Use this command to enable IS-IS to set an authentication password in the Hello packet sent by an interface. However,
IS-IS does not authenticate the Hello packet received by the interface. You can use this command before you deploy IS-IS
interface authentication on all devices in the network or before you change the authentication password or
authentication mode. After you run the isis authentication send-only command, the devices will not authenticate
receivedHellopacketstoavoidnetworkflappingwhen IS-ISinterfaceauthenticationisdeployed.Afterauthenticationis
deployed in the entire network, run the noisis authentication send-only command to cancel the send-only setting.
The isis authentication send-only command is applicable to plaintext authentication and MD5 authentication. You can
run the isis authentication mode command to specify the authentication mode for an IS-IS interface.
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If no Level is specified, the authentication mode will take effect for Level-1 and Level-2 on the interface.



Configuring the Password for Area (Level-1) Plaintext Authentication

Command

area-password [ 0 | 7 ] password [ send-only ]

Parameter

0: Indicates that the key is displayed in plaintext.

Description

7: Indicates that the key is displayed in ciphertext.
password-string: Indicates the password string for plaintext authentication. The string can contain up to 126 characters.
send-only:IndicatesthattheplaintextauthenticationpasswordisonlyusedtoauthenticatesentHellopacketsinLevel-1
areas. Received Hello packets are not authenticate.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Run this command to enable authentication of received LSPs, CSNPs, and PSNPs in Level-1 areas and include
authenticationinformation inthesepacketsbeforetheyare sent.AllIS-ISdevicesinanareamust be configured withthe
same password.
This command does not takeeffect if the authenticationmode command isexecuted.Youneed tofirst delete the
previous command configuration.
Todeletethepassword,runthenoarea-passwordcommand.Ifyourunthenoarea-passwordsend-onlycommand,
only the send-only setting is canceled. If you run the area-password psw send-only and no area-password send-only
commands in sequence, the configuration is changed to area-password psw.



Configuring the Password for RD (Level-2) Plaintext Authentication

Command

domain-password [ 0 | 7 ] password [ send-only ]

Parameter

0: Indicates that the key is displayed in plaintext.

Description

7: Indicates that the key is displayed in ciphertext.
password-string:Indicatesthepasswordstringforplaintext authentication.Thestringcancontainupto126characters.
send-only:IndicatesthattheplaintextauthenticationpasswordisonlyusedtoauthenticatesentHellopacketsinLevel-1
areas. Received Hello packets are not authenticated.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Run thiscommand to enable authentication of received LSPs, CSNPs, and PSNPs in Level-2 domains and include
authenticationinformationinthesepacketsbeforetheyaresent.AllIS-ISdevicesinaLevel-2domainmustbeconfigured
with the same password.
This command does not takeeffect if the authenticationmode command isexecuted.Youneed tofirst delete the
previous command configuration.
To delete the password, run the no domain-password command. If you run the no domain-password send-only
command, only the send-only setting is canceled. If you run the domain-passwordpsw send-only and no
domain-password send-only commands in sequence, the configuration is changed to domain-password psw.



Specifying the IS-IS RD Authentication Mode

Command

authentication mode { md5 | text } [ level-1 | level-2 ]

Parameter

md5: Uses MD5 authentication.

Description

text: Uses plaintext authentication.
level-1: Indicates that the authentication mode takes effect for Level-1.
level-2: Indicates that the authentication mode takes effect for Level-2.
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Command

IS-IS routing process configuration mode

Mode
Usage Guide

Use this command to specify the authentication mode before you can make the key chain configured using the
authentication key-chain command take effect.
If no Level is specified, the authentication mode will take effect for Level-1 and Level-2.
If you use the authentication mode command after the area-password or domain-password command is executed to
configure plaintext authentication, the previous command configuration will be overwritten.
The area-password or domain-password command does not take effect if the authentication mode command is
executed. To run the area-password or domain-password command, delete the authentication mode command
configuration first.



Specifying the Key Chain for IS-IS Authentication

Command

authentication key-chain name-of-chain [ level-1 | level-2 ]

Parameter

name-of-chain: Indicates the name of a key chain. The maximum length is 255.

Description

level-1: Indicates that the authentication key chain takes effect for Level-1.
level-2: Indicates that the authentication key chain takes effect for Level-2.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Authentication is not performed if no key chain is configured using the key chain command. In addition to the key chain
command,you alsoneedtorun theauthentication modecommand tomake IS-ISkeychainauthentication takeeffect.
The key chain is applicable to plaintext authentication and MD5 authentication. Which authentication mode to use can
be determined using the authentication mode command.
Forplaintext authentication,thekey-stringinthekeychaincannot exceed80characters;otherwise, thekeychainwillbe
invalid.
Only one key chain can be used at a time. After you configure a new key chain, it will replace the original one.
If no Level is specified, the key chain takes effect for Level-1 and Level-2.
The key chain is applicable to LSPs, CSNPs, and PSNPs. IS-IS will send or receive passwords that belong to the key chain.
Akeychainmaycontainmultiplepasswords.ApasswordwithaSNispreferentiallyusedforsendingapacket.Whenthe
packet arrives at the peer device, the device will receive the packet if the packet-carried password is consistent witha
password in the key chain.



Applying IS-IS Authentication Only to Sent Packets

Command

authentication send-only [ level-1 | level-2 ]

Parameter

level-1: Applies the send-only setting to Level-1.

Description

level-2: Applies the send-only setting to Level-2.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Usethiscommand toenableIS-IStoset an authenticationpasswordin theHellopacket tobe sent. However, IS-ISdoes
notauthenticatereceivedHellopackets.YoucanusethiscommandbeforeyoudeployIS-ISauthenticationonalldevices
in the network or before you change the authentication password or authentication mode. After you run the
authenticationsend-onlycommand,thedeviceswillnot authenticatereceivedpacketstoavoidnetworkflappingwhen
authentication passwords are deployed. After authentication is deployed in the entire network, run the no isis
authentication send-only command to cancel the send-only setting.
The authentication send-only command is applicable toplaintext authentication and MD5 authentication. Youcan run
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the authentication mode command to specify the authentication mode.
If no Level is specified, the authentication mode will take effect for Level-1 and Level-2.
Configuration Example



Configuring IS-IS Authentication

Configuration

Router A,Router B,and Router Careconnected through theEthernet and runIS-IS.Router A isaLevel-1device,

Requirements

Route B is a Level-1/Level-2 device, and Router C is a Level-2 device. The following configuration requirements exist:
Apply plaintext authentication to the Hello packets between Router A and Router B, as well as Level-1 LSPs and
SNPs.ApplyMD5authenticationtotheHellopacketsbetweenRouterBandRouterC,aswellasLevel-2LSPsand
SNPs.

Figure 6- 13
IS-IS
Authentication
Topology

Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.



Configure the password for IS-IS authentication.

A

Configure IS-IS.
A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config-router)# is-type level-1
A(config-router)# area-password aa
Configure an Ethernet interface.
A(config)# interface GigabitEthernet 0/0
A(config-if)# ip address 192.168.20.1 255.255.255.0
A(config-if)# ip router isis
A(config-if)# isis password cc

B

Configure the password for IS-IS authentication.
B(config)# key chain kc1
B(config-keychain)# key 1
B(config-keychain-key)# key-string aa
B(config)# key chain kc2
B(config-keychain)# key 1
B(config-keychain-key)# key-string bb
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B(config)# key chain kc3
B(config-keychain)# key 1
B(config-keychain-key)# key-string cc
Configure IS-IS.
B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
B(config-router)#authenticationmodetextlevel-1
B(config-router)# authentication key-chain kc1
B(config-router)# authentication mode md5 level-2
B(config-router)# authentication key-chain kc2
Configure two Ethernet interfaces.
B(config)# interface GigabitEthernet 0/0
B(config-if)# ip address 192.168.20.2 255.255.255.0
B(config-if)# ip router isis
B(config-if)# isis authentication mode text
B(config-if)# isis authentication key-chain kc3
B(config)# interface GigabitEthernet 0/1
B(config-if)# ip address 192.168.30.2 255.255.255.0
C

B(config-if)# ip router isis
B(config-if)# isis authentication mode md5
B(config-if)# isis authentication key-chain kc3
Configure the password for IS-IS authentication.
C(config)# key chain kc2
C(config-keychain)# key 1
C(config-keychain-key)# key-string bb
C(config)# key chain kc3
C(config-keychain)# key 1
C(config-keychain-key)# key-string cc
Configure IS-IS.
C(config)# router isis
C(config-router)# net 49.0002.0000.0000.0002.00
C(config-router)# is-type level-2
C(config-router)# authentication mode md5 level-2
C(config-router)# authentication key-chain kc2
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Configure an Ethernet interface.
C(config)# interface GigabitEthernet 0/1
C(config-if)# ip address 192.168.30.3 255.255.255.0
C(config-if)# ip router isis
C(config-if)# isis authentication mode md5
C(config-if)# isis authentication key-chain kc3

Verification

Check whether neighbor relationships are established normally.

A

A# show isis neighbors
A# show isis database detail

B

B# show isis neighbors

C

C# show isis neighbors

Common Errors



Different authentication passwords are configured between neighbors.



Different authentication modes are configured between neighbors.

6.4.7 Configuring IS-IS GR

Configuration Effect



IS-IS GR helps improve system reliability. On devices that separate the control plane from the forwarding plane, GR ensures that
data forwarding is not interrupted during routing protocol restart.



IS-IS GR Working Mechanism

ForGRtobesuccessful,thefollowingtwoconditionsmustbemet:(1)The networktopologyisstable;(2)Thedevicecanensure
uninterrupted forwarding when it restarts IS-IS.
Two roles exist during the GR process: Restarter and Helper. Accordingly, IS-IS GR is divided into the IS-IS GR Restart capability and
IS-IS GR Help capability. A device with the GR Restart capability can send a GR request and execute GR. A device with the GR Help
capability can receive a GR request and help its neighbor with GR implementation. The GR process starts when the Restarter sends a
GR request. After receiving the GR request, the neighboring device enters Help mode to help the Restarter reestablish its LSDB while
maintaining the neighbor relationship with the Restarter. The main GR working mechanism is as follows:
When an IS-ISdeviceneeds toperform GR, it instructsitsneighbor to maintain their neighbor relationship so that other devicesin the
network cannot sense the change in the topological relationship and the neighbor will not recalculate the route and update its
forwardingtable.TheIS-ISdevicesynchronizes and restorestheLSDBtoitspre-GRstatewiththehelpof theneighbor toensurethat
the route and forwarding table remain unchanged before and after GR implementation and data forwarding is not interrupted.
The Restarter performs the following operations during the GR process:
1.

The GR Restarter notifies the GR Helpers that it will be restarted.
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Figure 6- 14 Restart Notification by the GR Restarter

Switch A is a GR Restarter, and Switch B and Switch C are the GR Helpers for Switch A. Switch A sends a GR request instructing all its
neighbors not to delete the neighbor relationships withSwitch A when it is restarted. After receiving the GR request, the neighbors
sendGR responses tothe GR Restarter,and will maintaintheir neighbor relationships withthe GRRestarter during the GR time
(specified by GR grace-period) notified by the GR Restarter.
2.

The GR Restarter is restarted.

Figure 6- 15 Restart Performed by the GR Restarter

When the GR Restarter is restarted, its IS-IS interface goes from Down to Up. Because the GR Helpers know that the GR Restarter is in
IS-ISrestart state,they maintain their neighborrelationships with theGR Restarter during theGR timeand retainthe routes fromthe
GR Restarter.
31.

The GR Restarter synchronizes topology and routing information from the GR Helpers.
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Figure 6- 16 LSDB Synchronization

After IS-IS restart, the GR Restarter synchronizes topology or routing information from the GR Helpers and recalculates its routing
table. During this process, any change in the routing table is not updated to the forwarding table.
32.

GR is completed when the GR Restarter finishes LSDB synchronization. Then all devices enter IS-IS interaction state.

Figure 6- 17 GR Completion

After the GR Restarter synchronizes all required data, all devices enter IS-IS interaction state. The GR Restarter's routing table is
updatedtotheforwardingtableandinvalidentriesarecleared.BecausetheGRRestarteriscompletelyrestoredtothepre-restart
state under stable network conditions, its routing table and forwarding table remain unchanged before and after GR.
Notes



IS-ISGRisimplementedbased onRFC5306:RestartSignalingforIS-IS.

All products support the IS-IS GR Helper capability.
Configuration Steps



Enabling the IS-IS GR Restart Capability



Perform this configuration based on requirements.
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Run the graceful-restart command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the Maximum GR Time



Perform this configuration based on requirements.



Run the graceful-restart grace-period command in IS-IS routing process configuration mode on the desired device, unless
otherwise specified.



Enabling the IS-IS GR Help Capability



Perform this configuration based on requirements.



Run the graceful-restart helper command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.

Verification



Check whether the routing table and forwarding table remain unchanged before and after GR.

Related Commands



Enabling the IS-IS GR Restart Capability

Command

graceful-restart

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

Usethiscommandtoenablethe IS-ISGRRestartcapability.As long asthenetworkconditionsremain unchanged,IS-IS
can be restarted and restored to the pre-restart state without impact on data forwarding.



Configuring the Maximum GR Time

Command

graceful-restart grace-period seconds

Parameter

seconds: Indicates the GR time. The value range is 1s to 65,535s. The default value is 300s.

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide



N/A

Enabling the IS-IS GR Help Capability

Command

graceful-restart helper disable

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

Use the graceful-restart helper disable command to disable the IS-IS GR Help capability. The command enables IS-IS to
ignore the GR request sent by the device to be restarted.

Configuration Example
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Configuring IS-IS GR

Configuration

TwoS8600 series high-end devices have the IS-IS GR Restart capability and are equipped with master/slave

Requirements

management boards for redundant backup at the control plane. IS-IS neighbor relationships are established
between S86-1 and S3750/S3760 and between S86-2 and S3750/S3760. The system software of all devices supports
the IS-IS GR Help capability.
The following configuration requirements exist: Enable the IS-IS GR Restart capability with proper GR Time setting
on S86-1 and S86-2 to realize uninterrupted forwarding and improve core device reliability.
Disablethe IS-ISGRHelp capabilityon S3750 toexclude itfromthe Help process.By default,other devicesupports
the IS-IS GR Help capability and require no additional configuration.

Figure 6- 18
IS-IS GR
Topology

Configuration

Configure IS-IS. (Omitted)

Steps

Configure Ethernet interfaces. (Omitted)

S86-1

Configure IS-IS GR.
S86-1 (config)# router isis
CS86-1(config-router)# graceful-restart
CS86-1(config-router)# graceful-restart grace-period 60

S86-2

Configure IS-IS GR.
CS86-2(config)# router isis
CS86-2(config-router)# graceful-restart
CS86-2(config-router)# graceful-restart grace-period 80

S3750

Disable the IS-IS Help capability.
S3750(config)# router isis
S3750(config-router)# graceful-restart helper disable

Verification

Check whether the routing table and forwarding table remain unchanged before and after GR.
Check whether S86-1 and S86-2 synchronize topology and routing information from S3760.

S86-1

S86-1# show isis neighbors
S86-1# show isis database detail

S86-2
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S3760

S3760# show isis neighbors

6.4.8 Configuring IS-ISNSR

Configuration Effect



IS-IS nonstop routing (IS-IS NSR) helps improve system reliability. During the active/standby switchover of devices in distributed
mode, user data traffic keeps being forwarded without interruption.



Working Mechanism of IS-IS NSR

NSR backs up relevant IS-IS information from the master Supervisor Engine to the slave Supervisor Engine of the distributed device so
that the devicecan automatically recover the link state and regenerate a route upon active/standby switchovers, without requiring
help from neighbor devices during the recovery.
Notes
For the same IS-IS process, either NSP or GR is enabled, because they are exclusive.
The switchover of distributed devices takes a period of time. If the IS-IS neighbor keepalive duration is less than the switchover
duration, IS-ISneighbor relationship with the neighbor device is removed, and the services are interrupted during the switchover.
Therefore,itisrecommendedtosettheIS-ISneighborkeepalivedurationnotlessthanthedefaultvalue.WhenFastHelloisenabled,
the IS-IS neighbor keepalive duration is less than 1 second and the IS-IS neighbor relationship times out during the switchover,
causing NSR failures. Therefore, it is recommended to disable Fast Hello when NSR is enabled.
Configuration Steps



Configuring IS-IS NSR



Optional. IS-IS NSR is disabled by default. Perform this configuration as required.



Configure NSR in IS-IS routing process configuration mode on the required devices unless otherwise specified.

Verification



Verify that user data traffic keeps being forwarded without interruption during the hot-backup switchover of devices in
distributed mode.

Related Commands



Enabling NSR

Command

nsr

Parameter

N/A

Description
Configuration

IS-IS routing process configuration mode

Mode
Usage Guide

NSR backs up relevant IS-IS information fromthe master Supervisor Engine to the slave Supervisor Engine of the
distributed device so that the device can automatically recover the link state and regenerate a route upon
active/standbyswitchovers,without requiring helpfromneighbor devicesduring therecovery. Informationsuchasthe
neighbor relationship and link status needs to be backed up.
For the same IS-IS process, either NSP or GR is enabled, because they are exclusive.
TheswitchoverofdistributeddevicesandVSUdevicestakesaperiodof time.IftheIS-ISneighborkeepalivedurationis
lessthantheswitchoverduration,IS-ISneighborrelationshipwiththeneighbordeviceisremoved,and theservicesare
interruptedduring the switchover.Therefore, it is recommended to set the IS-ISneighbor keepalive duration not less
than the default value.When Fast Hello is enabled, the IS-ISneighbor keepalive duration is less than 1 second and the
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IS-IS neighbor relationship times out during the switchover, causing NSR failures. Therefore, it is recommended to
disable Fast Hello when NSR is enabled.
By default, if the DIS is a FS device, the neighbor relationship between the neighbor device and the FS device is
maintained for10 seconds at most(theDISinterfacesends one HELLOpacket every3.3 seconds).However, the
active/standbyswitchoverofFSdevicestakesatleast7seconds.Iftheswitchovertakesplacewhentheinterfaceisto
sendHELLO packets, the period for the neighbor deviceto receive HELLOpackets again may be greater than 10
seconds,leadingtoneighbordown.Toavoidneighbordown,whenNSRisenabled,increasethetimeformaintaining
the neighbor relationship with the neighbor device that is to send HELLO packets by 10 seconds.
Configuration Example



Configuring IS-IS NSR

Configuration

Two high-end FS-S8600 devices are required and both support IS-IS NSR and are equipped with master and slave

Requirements

SuperEnginestoimplementredundancybackuponcontrolplane.IS-ISneighborrelationshipsareestablished
between S86-1 with S86-2, S3760, and S3750.
The S86-1 device supports nonstop forwarding to improve high availability of the core device.

IS-ISNSR
Topology

Configuration

Configure the IS-IS routing protocol.

Steps

Configure Ethernet ports.

S86-1

Configure IS-IS NSR
S86-1(config)# router isis
S86-1(config-router)# nsr

Verification

Verify that data traffic keeps being forwarded without interruption during the hot-backup switchover.
Verify that S86-2, S3760, and S3750 do not perceive the hot-backup switchover of S86-1.

S86-1

S86-1# show isis neighbors
S86-1# show isis database detail
S86-1# show isis nsr

S86-2

S86-2# show isis neighbors
S86-2# show isis database detail

S3760

S3760# show isis neighbors
S3760# show isis database detail

S3750

S3750# show isis neighbors
S3750# show isis database detail

Common Errors
-
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6.4.9 Configuring BFD Support for IS-IS

Configuration Effect



IS-IS dynamically discovers neighbors through Hello packets. After IS-IS enables the BFD function, a BFD session will be set up
with the neighbor in Up state.The BFD mechanism is used to detect the neighbor state. Once a neighbor failure is detected
through BFD, IS-IS performs network convergence immediately. The convergence time can be reduced from 30s to less than 1s. By
default, IS-ISHello packetsaresent at an interval of 10s in aP2P network, and the timerequired todetect a neighbor failureis
three times the packet interval, that is 30s.

Notes



You must set BFD session parameters before you enable BFD support for IS-IS.



When you run the bfd up-dampening command on an interface withBFD support for IS-IS, you need to run the bfd
all-interfaces command with the [anti-congestion] option selected.



When you run the bfd all-interfaces command with the [anti-congestion] option selected, run the bfd up-dampening
command on the interface.



IProuting may cause aneighbor'sinterfaceforBFD session setuptobe inconsistent withtheinterface for outgoingBFD packets.
If this happens, the BFD session cannot be set up.



If a neighbor's interface for BFD session setup is inconsistent with the interface for outgoing BFD packets, the BFD session
cannot be setup.

Configuration Steps



Enabling BFD Support for IS-IS on All Interfaces



Perform this configuration based onrequirements.



Run the bfd ll-interfaces command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Enabling BFD Support for IS-IS on the Current Interface



Perform this configuration based on requirements.



Run the isis bfd command in interface configuration mode on the desired device, unless otherwise specified.

Verification



Buildatopologywithtwoparallel lines.Typically,IS-ISselectsonelineas themasterlineand theother asthebackup line.
Enable BFD on the master line.



Make the master line fail. Check whether IS-IS performs route convergence based on the BFD monitoring state and starts the
backup line.

Related Commands



Enabling BFD Support for IS-IS on the Current Interface

Command

bfd all-interfaces [anti-congestion]

Parameter

anti-congestion: Indicates the IS-IS BFD anti-congestion option.

Description
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Command

IS-IS routing process configuration mode

Mode
Usage Guide

You can enable or disable BFD on an IS-IS interface by using any of the following two methods:
Method 1: Run the bfd all-interfaces command in IS-IS routing process configuration mode to enable BFD on all IS-IS
interfaces, and then run the no bfd all-interfaces command to disable BFD on all IS-IS interfaces.
Method 2: Run the isis bfd [ disable ] command in interface configuration mode to enable BFD on the specified IS-IS
interface, and then run the isis bfd disable command to disable BFD on the interface.



Enabling BFD Support for IS-IS on the Current Interface

Command

isis bfd [ disable | anti-congestion ]

Parameter

disable: Disables BFD support for IS-IS on the current interface.

Description

anti-congestion: Indicates the IS-IS BFD anti-congestion option.

Command

Interface configuration mode

Mode
Usage Guide

You can enable or disable BFD on an IS-IS interface by using any of the following two methods:
Method1:Runthe[no]bfdall-interfaces[anti-congestion]commandinIS-ISroutingprocessconfigurationmodeto
enable or disable BFD on all IS-IS interfaces.
Method2: Runtheisisbfd[disable|anti-congestion]command ininterfaceconfigurationmode toenableordisable
BFD on the specified interface.
Normally,BFDsends detectionpacketsatmillisecondintervals todetect thelinkstate.Whenalinkexception (suchas a
disconnected link) occurs, BFD can quickly detect it and instruct IS-IS to delete the neighbor relationship and the
neighbor reachability information in LSPs. Then IS-IS recalculates and generates a new route to bypass the abnormal link,
thusrealizingfastconvergence.WiththeintroductionofnewtechniquessuchastheMulti-ServiceTransport Platform
(MSTP),linkcongestiontends tooccurduringpeakhoursofdatacommunication.BFDquicklydetectsthelinkexception
and instructs IS-IS todelete the neighbor relationship and the neighbor reachability information in LSPs. Link switch is
performed to bypass the congested link.A Hello packet for IS-IS neighbor detection issent every 10s and its expiration
time is 30s. The Hello packet can still be received normally when BFD detects an exception, and therefore an IS-IS
neighbor relationshipisreestablishedquickly, causingtheroutetoberestoredtothe congested link.Then BFDdetects
the abnormal link and link switch is performed again. This process is repeated, which makes the route be switched
between the congested link and other links, causing repetitive flapping.
The anti-congestion option is used to avoid routing flapping in case of link congestion. After the option is configured,
theIS-ISneighbor stateisstillkeptalivewhen linkcongestionoccurs, buttheneighbor reachabilityinformationinLSPsis
deleted. The route is switched to a normal link. When the congested link is restored, the neighbor reachability
information in LSPs is recovered and the route is switched back, which avoids route flapping.
Whenyou runthe bfdall-interfaces [anti-congestion]command, run thebfdup-dampening command on theinterface.
The two commands must be used together. If you run only one command, the route flap dampening feature may not
take effect or other network exceptions may occur.

Configuration Example



Enabling BFD Support for IS-IS on the Current Interface
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Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Set BFD session parameters. (Omitted)



Enable BFD support for IS-IS on the current interface.

A(config)# interface GigabitEthernet 0/1
A(config-if)# isis bfd

Verification

Enable S1 (192.168.1.10) and S2 (192.168.2.10) to send packets to G1 (229.1.1.1) and G2 (229.1.2.1). Add User to the G1
and G2 groups.



Check the multicast packet that User receives. User should only receive the (S1, G1) packet.



Check that the PIM-SM routing table does not have the (S1, G2), (S2, G1), and (S2, G2) entries.

A# show bfdneighbors detail
Common Errors



BFD support for IS-IS is not enabled on neighbors.

6.4.10 Setting the IS-IS Overload Bit

Configuration Effect
The overload bit is used in the following three situations:



Device overload

Thelocal IS-ISnodehas overloadissues,suchasinsufficient memory orfull CPUload; asa result,itsrouting tablehas incomplete
routes or does not have resource forwarding data. Youcan set the overload bit in an LSP to instruct the neighbor not to use the local
node as a forwarding device.
Toset the overload bit, run the set-overload-bit command without the on-startup keyword. The overload bit can be configured or
canceled manually. When the local IS-IS node is restored, manually cancel the command configuration; otherwise, the node is always
in overload state.



Instantaneous black hole

InthescenariodescribedbyRFC3277,theIS-ISconvergencespeedisfasterthantheBGPspeed;asaresult,afteranIS-ISnodeis
restarted,aroutemaybeinstantaneouslyunreachable,whichiscalledaninstantaneousblackhole.Youcansettheoverloadbitinan
LSP to instruct the neighbor not to use the local node as a forwarding device until the specified time has elapsed.
Toset the overload bit, run the set-overload-bit command with the on-startup keyword. The overload bit can be configured or
canceled automatically by the IS-IS node based on the configuration. If the on-startup keyword is selected, the IS-IS node
automatically enters instantaneous black hole state after restart. When a neighbor relationship is established, the IS-IS node sends an
LSP with the overload bit to notify the neighbor that the local node enters instantaneous black hole (or overload) state and instruct
theneighbor not tousethelocalnode as aforwardingdevice.Afterthespecified timehas elapsed, theIS-ISnode immediately sends
an LSP with the overload bit canceled to notify the neighbor that the local node has exited instantaneous black hole (or overload)
state and can work as a forwarding device.
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Disabling real data forwarding on the local IS-IS node

If you only need to connect the local IS-IS node to a production network for testing or to meet other functional requirements, but
does not require the node to forward real data in the network, you can set the overload bit in an LSP to instruct the neighbor not to
use the local node as a forwarding device.
Toset the overload bit, run the set-overload-bit command without the on-startup keyword. The overload bit can be configured or
canceledmanually.YoucansetthesuppresskeywordbasedonrequirementstolimittheroutinginformationcarriedinanLSPincase
of overload. For example, internal and external routes can be suppressed, and only the local direct route is advertised.
Notes



At the same Level, the configuration with the on-startup keyword is mutually exclusive with the configuration without the
on-startup keyword.

Configuration Steps



Perform this configuration based on requirements.



Run the set-overload-bit command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.

Verification



Capture packets and check that the neighbor does not forward LSPs from the local node.

Related Commands
Command

set-overload-bit [ on-startup { seconds | wait-for-bgp [ bgpseconds ] } ] [ suppress { [ interlevel ] [ external ] } ]
[ level-1 | level-2 ]

Parameter

on-startup seconds: Indicates the duration when an IS-IS node remains in overload state after restart. The value range is

Description

5s to 86,400s.
wait-for-bgp bgpseconds:Indicatesthe duration inwhich an IS-ISnode automaticallyentersand remains inthe
wait-for-BGP convergence state after restart. The value ranges from 5–86,400 in seconds. The default value is 600.
suppress: Indicates not to advertise internal routes (intra-area and inter-area routes) or external routes to neighbors
when the IS-IS node is in overload state.
interlevel: Indicates not to advertise intra-area and inter-area routes to neighbors when the IS-IS node is in overload
state. It is used with the suppress keyword.
external:Indicatesnot toadvertiseexternal routes toneighborswhen the IS-ISnodeisinoverloadstate.It isusedwith
the suppress keyword.
level-1: Sends LSPs with the overload bit only to Level-1 neighbors.
level-2: Sends LSPs with the overload bit only to Level-2 neighbors.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Usethis command to force an IS-ISnode to set the overload bit in a non-virtual LSP to instruct itsIS-IS neighbors not to
use the local node as a forwarding device.
If you select the on-startup keyword, the IS-IS node automatically enters overload state after restart.
If you do not select the on-startup keyword, the IS-IS node enters overload state immediately after restart.

Configuration Example
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Configuring the Overload Bit in Case of an Instantaneous Black Hole

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



VerifythattheIS-ISnodeentersinstantaneousblackholestateimmediatelyafterrestartandremainsinthisstate
until the specified time(300s) has elapsed, and the IS-IS node only advertises local direct links to its neighbors
during thespecified time.

A(config)# router isis
A(config-router)#set-overload-bit on-startup 300 suppress interlevel external

Verification

Capture packets to check LSPs.



Verify that the IS-IS node automatically enters instantaneous black hole state after restart. Once a neighbor
relationship is established, the IS-IS node sends an LSP with the overload bit.



Afterthespecifiedtimehaselapsed,theIS-ISnodeimmediatelysendsanLSPwiththeoverloadbitcanceledto
notify its neighbors that the local node has exited instantaneous black hole (or overload) state.

A# show isis neighbors



Disabling Real Data Forwarding on the Local IS-IS Node

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Connect the local IS-ISnode as a test devicetoa production network.The node is not required toforward real data
in the network to avoid impact on production.

A(config)# router isis
A(config-router)#set-overload-bit suppress interlevel external

Verification

Capture packets to check LSPs. Verify that the LSPs carry the overload bit and only advertise local direct routes.
A# show isis neighbors

6.4.11 Configuring IS-IS VRF

Configuration Effect



Each VRF table can be seen as a virtual device or a dedicated PE device.



Thevirtualdevicecontainsthefollowingelements:anindependentroutingtable,aswellasanindependentaddressspace;a
set of interfaces that belong to the VRF table; a set of routing protocols applicable only to the VRF table.



Eachdevicecanmaintain one ormoreVRFtablesand apublic-networkroutingtable(alsocalledaglobalroutingtable).
Multiple VRF instances are separated from each other.

Notes



Note the following constraints or conventions when you bind IS-IS instances and VRF tables:
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The IS-IS instances bound with the same VRF table must be configured with different system IDs. The IS-IS instances bound with
different VRF tables can be configured with the same system ID.



One IS-IS instance can be bound with only one VRF table, but one VRF table can be bound to multiple IS-IS instances.



When the VRF table bound to an IS-IS instance is changed, all IS-IS interfaces associated with the instance will be deleted. That is,
the ip router isis [tag] interface configuration and the redistribution configuration in routing process configuration mode will
be deleted.

Configuration Steps



Perform this configuration based on requirements.



Run the vrf command in IS-IS routing process configuration mode on the desired device, unless otherwise specified.

Verification



Check whether the local device establishes neighbor relationships with other devices specified in the VRF table.

Related Commands



Configuring IS-IS VRF

Command

vrf vrf-name

Parameter

vrf-name: Indicates the name of an existing VRF table.

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

Before you bind an IS-IS instance to a VRF table, ensure that the VRF table has been configured. If you need to establish an
IS-ISv6 neighbor relationship, enable IPv6 and ensure that the table to be bound is a multiprotocol VRF table.
Note the following constraints or conventions when you bind IS-IS instances and VRF tables:


The IS-IS instances bound with the same non-default VRF table must be configured with different system IDs. The
IS-IS instances bound with different VRF tables can be configured with the same system ID.



OneIS-ISinstancecanbeboundwithonlyoneVRFtable,butoneVRFtablecanbeboundtomultipleIS-IS
instances.



When the VRF table bound to an IS-IS instance is changed, all IS-IS interfaces associated with the instance will be
deleted. That is, the ip (or ipv6) router isis [ tag ] interface configuration and the redistribution configuration in
routing process configuration mode will be deleted.

Configuration Example



Configuring IS-IS VRF

Configuration
Steps
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Bind an IS-IS instance to a VRF table.



Add interfaces to the VRF table and IS-IS instance. (Omitted)
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A(config)#vrf definition vrf_1
A(config-vrf)#address-family ipv4
A(config-vrf-af)#exit-address-family
A(config)# router isis
A(config-router)# vrf vrf_1

Verification

Check whether the local device establishes neighbor relationships with other devices specified in the VRF table.
A# show isis neighbors

Common Errors



Interfaces are not added to the VRF table.



The IP addresses of the interfaces connected between neighbors are not in the same network segment.



The ip router isis command is not executed on interfaces.



No NET address is configured, or different NET addresses exist at Level-1.



max-area-addresses is configured differently on both sides.



metric-style is configured differently on both sides.



The interface Levels on both sides are different. One side is Level-1, whereas the other side is Level-2.



One side is configured with the P2P mode, whereas the other side is configured with the broadcast mode.



One side is enabled with authentication, whereas the other side is not.

6.4.12 ConfiguringIS-IS MTR

Configuration Effect



Ifthemulti-topologycommand isnot executed, IPv4and IPv6 shareone IS-ISphysicaltopology, alsocalledthedefault
topology. Ifthe multi-topology command is executed without the transition parameter,routing devicesrun in MTmode.
IS-ISv4runsinthedefaulttopology, andIS-ISv6runsintheIPv6unicasttopology. Ifthemulti-topology commandisexecuted
withthetransitionparameter, routingdevicesruninMTT mode.IS-ISv6runsinthedefaulttopologyand IPv6unicasttopology.
The three configurations are mutually exclusive. The routing devices in MTT mode can transfer the MTTLV or the default
topologyTLV.TheMTTmodeisapplicabletoincrementaldeploymenttoensuresmoothnetworkmigration.TheMTTmodecan
cause route leaking between the default topology and IPv6 unicast topology. If the MTT mode is configured improperly,
network failures such as routing black holes and loops may occur.

Notes
Note the following constraints or conventions when you configure the IS-IS MTR feature:


Set metric-style to Wide or Transition before you run the multi-topology command.



The MTR feature willbe disabled if metric-style is set to Narrowor only one Level is configured tosupport theWide or
Transition mode.

Configuration Steps
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Perform this configuration based on requirements.



Configure the MTR feature in IS-IS address-family ipv6 configuration mode on the desired device, unless otherwise specified.

Verification



Check whether the local device establishes neighbor relationships with other devices.

Related Commands



Configuring IS-IS MTR

Command

multi-topology [ transition ]

Parameter

transition: Configures the MTT mode, which supports smooth migration from an IPv4-IPv6 hybrid topology to separate

Description

IPv4 and IPv6 topologies.

Command

IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

Ifthemulti-topologycommandisnotexecuted,IPv4and IPv6shareoneIS-ISphysicaltopology, alsocalledthedefault
topology. If the multi-topology command is executed without the transition parameter, routing devices run in MT
mode.IS-ISv4runsinthedefaulttopology,andIS-ISv6runsintheIPv6unicasttopology.Ifthemulti-topologycommand
is executed with the transition parameter, routing devices run in MTT mode. IS-ISv6 runs in the default topology and
IPv6 unicast topology. The three configurations are mutually exclusive. The routing devices in MTT mode can transfer the
MTTLVor the default topologyTLV.The MTT mode is applicable toincremental deployment to ensure smooth network
migration.The MTT mode can cause route leaking between the default topology and IPv6 unicast topology. If the MTT
mode is configured improperly, network failures such as routing black holes and loops may occur.
Set metric-style toWide or Transition before you run thecommand.The MTR feature will be disabled if metric-style is
set to Narrow or only one Level is configured to support the Wide or Transition mode.

Configuration Example



Configuring IS-IS MTR

Configuration
Requirements

ThetypicalapplicationscenarioofMTRistoretaindevicesthatonlysupport IPv4servicesinanetworkwhereIPv6
service extension will be performed.
In Figure 1-20, Router 2 only supports the IPv4 protocol stack but does not support the MTRfeature; therefore, it
can only run IPv4 services.The network capacity needs to be scaled to support IPv6 services in order to meet
service extension requirements. (Router 1, Router 3, and Router 4 that support the MTR feature will be added.) The
device (Router 2) that supports only one protocol stack must be replaced to maintain the stability of the network
running IPv4 and IPv6 dual protocol stacks; otherwise, IPv6 routing black holes may occur.
If you need to retain Router 2, you can configure the MTR feature on Router 1, Router 3, and Router 4. The MTR
feature enables Router 2 to continue to run IPv4 services without interference on the IPv4 and IPv6 services on
Router 1, Router 3, and Router 4. The MTR feature improves networking flexibility, indirectly prolongs the service life
of old devices, and meets service extension requirements while maximizing the values of old devices.
The configuration requirements are as follows:
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Retain Router 2, which only supports IPv4 services.



Add devices that support IPv4 and IPv6 dual topologies, and separate IPv4 route calculation and IPv6 route
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calculation based on different topologies.
Figure6-19
IS-IS MTR
Topology

Router 1

Configure IS-IS and Ethernet interfaces.
Configure IS-IS:
FS(config)# router isis
FS(config-router)# net 49.0001. 0000.0000.0001.00
FS(config-router)# is-type level-1
FS(config-router)# metric-style wide
FS(config-router)# address-family ipv6
FS(config-router-af)# multi-topology
Configure Ethernet interfaces:
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ipv6 enable
FS(config-if-GigabitEthernet 0/1)# ipv6 address 1002: : 1/112
FS(config-if-GigabitEthernet 0/1)# ipv6 router isis
FS(config-if-GigabitEthernet 0/1)# ip address 192.168.1.1 255.255.255.0
FS(config-if-GigabitEthernet 0/1)# ip router isis
FS(config-if-GigabitEthernet 0/1)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)# ipv6 enable
FS(config-if-GigabitEthernet 0/2)# ipv6 address 1003: : 1/112
FS(config-if-GigabitEthernet 0/2)# ipv6 router isis
FS(config-if-GigabitEthernet 0/2)# ip address 192.168.2.1 255.255.255.0
FS(config-if-GigabitEthernet 0/2)# ip router isis
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FS(config-if-GigabitEthernet 0/2)#isis wide-metric 11

Router 2

Configure IS-IS and Ethernet interfaces.
Configure IS-IS:
FS(config)# router isis
FS(config-router)# net 49.0001. 0000.0000.0002.00
FS(config-router)# is-type level-1
FS(config-router)# metric-style wide
FS(config-router)#address-family ipv6
FS(config-router-af)#no adjacency-check
Configure Ethernet interfaces:
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ip address 192.168.1.2 255.255.255.0
FS(config-if-GigabitEthernet 0/1)# ip router isis
FS(config-if-GigabitEthernet 0/1)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)# ip address 192.168.3.2 255.255.255.0
FS(config-if-GigabitEthernet 0/2)# ip router isis

Router 3

Configure IS-IS and Ethernet interfaces.
Configure IS-IS:
FS(config)# router isis
FS(config-router)# net 49.0001. 0000.0000.0003.00
FS(config-router)# is-type level-1
FS(config-router)# metric-style wide
FS(config-router)# address-family ipv6
FS(config-router-af)# multi-topology
Configure Ethernet interfaces:
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ipv6 enable
FS(config-if-GigabitEthernet 0/1)# ipv6 address 3001: : 1/112
FS(config-if-GigabitEthernet 0/1)# ipv6 router isis
FS(config-if-GigabitEthernet 0/1)# ip address 192.168.2.3 255.255.255.0
FS(config-if-GigabitEthernet 0/1)# ip router isis
FS(config-if-GigabitEthernet 0/1)#isis wide-metric 11
FS(config-if-GigabitEthernet 0/1)# interface gigabitEthernet 0/2
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FS(config-if-GigabitEthernet 0/2)# ipv6 enable
FS(config-if-GigabitEthernet 0/2)# ipv6 address 3004: : 1/112
FS(config-if-GigabitEthernet 0/2)# ipv6 router isis
FS(config-if-GigabitEthernet 0/2)# ip address 192.168.4.3 255.255.255.0
FS(config-if-GigabitEthernet 0/2)# ip router isis
FS(config-if-GigabitEthernet 0/2)#isis wide-metric 12

Router 4

Configure IS-IS and Ethernet interfaces.
Configure IS-IS:
FS(config)# router isis
FS(config-router)# net 49.0001.0000.0000.0004.00
FS(config-router)# is-type level-1
FS(config-router)# metric-style wide
FS(config-router)# address-family ipv6
FS(config-router-af)# multi-topology
Configure Ethernet interfaces:
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ipv6 enable
FS(config-if-GigabitEthernet 0/1)# ipv6 address 4002: : 1/112
FS(config-if-GigabitEthernet 0/1)# ipv6 router isis
FS(config-if-GigabitEthernet 0/1)# ip address 192.168.3.4 255.255.255.0
FS(config-if-GigabitEthernet 0/1)# ip router isis
FS(config-if-GigabitEthernet 0/1)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)# ipv6 enable
FS(config-if-GigabitEthernet 0/2)# ipv6 address 4003: : 1/112
FS(config-if-GigabitEthernet 0/2)# ipv6 router isis
FS(config-if-GigabitEthernet 0/2)# ip address 192.168.4.4 255.255.255.0
FS(config-if-GigabitEthernet 0/2)# ip router isis

Verification



Run the show command on Router 1 to check whether the next hop of the IPv4 route destined for Router 4 is
Router 2.



Run the show command on Router 1 to check whether the next hop of the IPv6 route destined for Router 4 is
Router 3.

Checking the
IPv4 route

FS#show ip route
Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF,IA - OSPF inter area
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N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i- IS-IS,su-IS-IS summary,L1 -IS-IS level-1, L2-IS-IS level-2
ia - IS-IS inter area, * - candidate default
Gateway of last resort is no set
C

192.168.1.0/24 is directly connected, GigabitEthernet 0/1

C

192.168.1.1/32 is local host.

C

192.168.2.0/24 is directly connected, GigabitEthernet 0/2

C

192.168.2.1/32 is local host.

iL1 192.168.3.0/24 [115/20] via 192.168.1.2, 00:13:14, GigabitEthernet 0/1
iL1 192.168.4.0/24 [115/23] via 192.168.2.3, 00:02:40, GigabitEthernet 0/2
Checking the
IPv6 route

FS#show ipv6 route
IPv6 routing table name is - Default - 16 entries
Codes: C - Connected, L - Local, S - Static, R - RIP, B - BGP
I1 - ISIS L1, I2 - ISIS L2, IA - ISIS interarea, IS - ISIS summary
O - OSPF intra area, OI - OSPF inter area, OE1 - OSPF external type 1, OE2 - OSPF external type 2
ON1 - OSPF NSSA external type 1, ON2 - OSPF NSSA external type 2
L

::1/128 via Loopback, local host

C

1002::/112 via GigabitEthernet 0/1, directly connected

L

1002::1/128 via GigabitEthernet 0/1, local host

C

1003::/112 via GigabitEthernet 0/2, directly connected

L

1003::1/128 via GigabitEthernet 0/2, local host

I1 3001::/112 [115/21] via FE80::C806:5FF:FEE8:38, GigabitEthernet 0/2
I1 3004::/112 [115/21] via FE80::C806:5FF:FEE8:38, GigabitEthernet 0/2
I1 4002::/112 [115/31] via FE80::C806:5FF:FEE8:38, GigabitEthernet 0/2
I1 4003::/112 [115/31] via FE80::C806:5FF:FEE8:38, GigabitEthernet 0/2
L

FE80::/10 via ::1, Null0

C

FE80::/64 via GigabitEthernet 0/2, directly connected

L

FE80::1614:4BFF:FE12:ADFC/128 via GigabitEthernet 0/2, local host

C

FE80::/64 via GigabitEthernet 0/1, directly connected

L

FE80::1614:4BFF:FE12:ADFD/128 via GigabitEthernet 0/1, local host

C

FE80::/64 via Local 0, directly connected

L

FE80::1614:4BFF:FE12:ADFC/128 via Local 0, local host

Common Errors
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metric-style is not set to Wide or Transition.



The protocol types used by two neighbors do not match; therefore, a neighbor relationship cannot be established.



The IP addresses of the interfaces connected between neighbors are not in the same network segment.



The ip router isis command is not executed on interfaces.



No NET address is configured, or different NET addresses exist at Level 1.



max-area-addresses is configured differently on both sides.



metric-style is configured differently on both sides.



The interface Levels on both sides are different. One side is Level-1, whereas the other side is Level-2.



One side is configured with the P2P mode, whereas the other side is configured with the broadcast mode.



One side is enabled with authentication, whereas the other side is not.

6.4.13 Configuring SNMP for IS-IS

Configuration Effect



Bydefault,theSNMPsoftwarecanperformtheMIBoperationonthefirstIS-ISinstance.ToperformtheMIBoperationonother
instances, you need to manually specify these instances.

Notes



By default, the SNMP software can perform the MIB operation on the first displayed IS-IS instance.

Configuration Steps



Binding the Instances on Which the IS-IS MIB Operation Will Be Performed



Perform this configuration based on requirements.



Run the enable mib-binding command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Enabling IS-IS Trap Globally



Perform this configuration based on requirements.



Run the snmp-server enable traps isis command in global configuration mode on the desired device, unless otherwise
specified.



Configuring an SNMP Host Globally



Perform this configuration based on requirements.



Run the snmp-server host command in global configuration mode on the desired device, unless otherwise specified.



Allowing the Sending of all IS-IS Trap Messages to the SNMP Host



Perform this configuration based on requirements.



RuntheenabletrapsallcommandinIS-ISroutingprocessconfigurationmodeonthedesireddevice,unlessotherwise
specified.
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Verification



Use the MIB tool to read and write IS-IS settings.

Related Commands



Binding the Instances on Which the IS-IS MIB Operation Will Be Performed

Command

enable mib-binding

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

The lateststandards stipulatethat the MIBoperationcan be performed on a singleinstance.By default,the MIBoperation
is performed on the first displayed IS-IS instance. Because multiple IS-IS instances can be configured, the administrator
can use this command to specify the instances on which the MIB operation will be performed.



Enabling IS-IS Trap Globally

Command
Parameter

snmp-server enable traps [ isis ]
isis: Enables IS-IS event trap.

Description
Command
Mode
Usage Guide

Global configuration mode
Thiscommandmustbe usedwiththesnmp-server host commandinglobal configurationmode sothattrapmessages
can be sent.



Configuring an SNMP Host Globally

Command

snmp-server host { host-addr | ipv6 ipv6-addr } [ vrf vrfname ] [ traps ] [ version { 1 | 2c | 3 { auth | noauth | priv } ]
community-string [ udp-port port-num ] [ notification-type ]

Parameter
Description

host-addr: Indicates the address of the SNMP host.
ipv6-addr: Indicates the IPv6 address of the SNMP host.
vrfname: Indicates the name of a VRF table.
version: Indicates the SNMP version, which can be set to V1, V2C, or V3
auth | noauth | priv: Indicates the security level of V3 users.
community-string: Indicates the community string or user name (V3 version).
port-num: Indicates the port number of the SNMP host.
notification-type: Indicates the type of trap messages that are actively sent, for example, snmp.

Command

Global configuration mode

Mode
Usage Guide

This command is used with the snmp-server enable traps command to actively send trap messages to a Network
Management System (NMS). You can configure different SNMP hosts to receive trap messages. A host supports different
traptypes,ports, andVRF tables.For the samehost (withthe sameport configuration and VRFconfiguration), thelast
configuration is combined withthe previous configurations. That is, to send different trap messages to the same host,
configure a type of trap messages each time. These configurations are finally combined.
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Allowing the Sending of Trap Messages

Command

enable traps { all | traps set }

Parameter

all: Indicates all trap messages.

Description

traps set: Indicates a trap message type in any set.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

IS-IS packets are classified into 18 types of trap messages, which are grouped into several sets, with each set containing
several trapmessagetypes.Toenablethe sending ofIS-IStrapmessages,runthesnmp-server enabletrapsisis
command in global configuration mode and specify the recipient host and the type of trap messages that can be sent.

Configuration Example



Configuring IS-IS SNMP

Configuration
Steps



Bind the instances on which the IS-IS MIB operation will be performed.



Complete trap message-related settings.

A(config)# router isis
A(config-router)# enable mib-binding
A# configure terminal
A(config)#snmp-server enable traps isis
A(config)#snmp-server host 10.1.1.1 traps version 2c public
A(config)#router isis
A(config-router)# enable traps all

Verification

Run the MIB tool to read and write IS-IS settings.
A# show running-config

6.4.14 Configuring IS-IS Two-way Maintenance

Configuration Effect



Enable IS-IS two-way maintenance.

Notes



The IS-IS basic functions must be configured.



The neighbor relationship is successfully established.

Configuration Steps



Configuring IS-IS Two-way Maintenance



Configure the two-way maintenance function as required.
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Run the two-way-maintain command in IS-IS routing process configuration mode on the required devices unless otherwise
specified.

Verification



Run the show isis neighbor command to check the neighbor update time.



Run the show isis protocol command to check whether the two-way maintenance function is enabled.

Related Commands



Configuring IS-IS Two-way Maintenance

Command

two-way-maintain

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

In a large-scale network, a large number of packetsare sent and received, which occupies lots of CPU and memory
resources,causingsomeIS-ISpacketstobedelayed ordiscarded. Ifthetimerequired forprocessingHELLOpackets
exceedstheneighborrelationshipmaintenancetime,thecorrespondingneighborrelationshiptimesoutandisremoved.
Whenthetwo-waymaintenancefunctionisenabled, ifalargenumber of packetsexist onthenetwork,theLSPpackets,
CSNP packets, and PSNP packets from a neighbor in addition to HELLO packets can also be used to maintain the two-way
relationship with the neighbor, preventing neighbor failure caused by delay or discard of HELLO packets.

Configuration Example
The following example is implemented based on IS-IS basic functions. For details about the IS-IS basic functions, see preceding
description



Configuring IS-IS Two-way Maintenance

Scenario

Configuration



Configure the ISIS basic functions on all devices.

Steps



The neighbor relationship is successfully established.

Verification

Verify that an ISIS interface neighbor is established on device A.
Check the status of an ISIS instance on device A.

Common Errors
6.4.15 Configuring Other IS-IS Parameters

Configuration Effect
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maximum-paths: Configures the maximum number of IS-IS equal-cost paths to be installed to a routing table.



max-metric on-neighbor-up : Configures the maximum metric for the connected routes after the first neighbor is up.



lsp-length receive: Configures the maximum length allowed for received LSPs.



lsp-length originate: Configures the maximum length allowed for sent LSPs.



passive-interface: Prevents passive interfaces from receiving and sending IS-IS packets. That is, IS-IS neighbor relationships will
not be established on passive interfaces.The IP addresses of passive interfaces are flooded through other interfaces.



bandwidth-reference: Configures the bandwidth reference for IS-IS to automatically calculate the link metric. If a metric is
configured, the metric prevails. If no metric is configured, the metric is automatically calculated based on the configured
bandwidth reference.



interface-protocol-compatible: Configures the TLV field of the IS-IS protocol to be padded based on protocols supported by
an interface.



is-name: Replaces the system ID of an instance with the configured name.



isis metric: Stores the metric, which is used in SPF calculation, in the IP reachability information TLV.The greater the metric, the
greater the routing consumption of the interface and the longer the path obtained by SPF calculation.



isis passive: Prevents the interface from sending or receiving IS-IS packets, but the corresponding IP address will be flooded
through other interfaces.



isispriority:In abroadcastnetwork, IS-ISneeds toelect aDISamong all devices.The DISwill generate apseudonode and
relatedLSPs.ThedevicewiththehighestpriorityiselectedastheDIS.YoucanconfiguredifferentprioritiesfordifferentLevels.



isis suppress on-neighbor-up : Suppresses the routing calculation after the IS-IS neighbor is up.



default-information originate: Generates a Level-2 default route, which will be advertised through LSPs.



spf-interval: Configures the exponential backoff algorithm of SPF.



summary-address and summary-prefix: Creates a summary route to represent a group of routes in a routing table. A summary
routecan includemultiple routes of the specifiedLevel.The interfacemetricof the summary route follows thesmallestinterface
metric among all routes.



log-adjacency-changes: Enables neighbor relationship event output to log IS-IS neighbor relationship changes.



redistribute: Redistributes other routes to IS-IS; redistributes Level-1 routes to Level-2; redistributes Level-2 routes to Level-1.

Configuration Steps



Configuring the Maximum Number of Equal-Cost Paths



Perform this configuration based on requirements.



Run the maximum-paths command in IS-IS routing process configuration mode or IS-IS address-family ipv6 configuration
mode on the desired device, unless otherwise specified.



Configuring the Maximum Metric for the Connected Routes after the First Neighbor Is Up




Perform this configuration based on requirements.
Run the max-metric on-neighbor-up command in IS-IS routing process configuration mode on the desired device, unless
otherwise specified.



Configuring the Maximum Length Allowed for Received LSPs
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Perform this configuration based on requirements.



Run the lsp-length receive command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the Maximum Length Allowed for Sent LSPs



Perform this configuration based on requirements.



Run the lsp-length originate command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring a Passive Interface



Perform this configuration based on requirements.



Run the passive-interface command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the IS-IS Interface Bandwidth Reference



Perform this configuration based on requirements.



Run the bandwidth-reference command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring the TLV Field of the IS-IS Protocol to Be Padded Based on Protocols Supported by an Interface



Perform this configuration based on requirements.



Run the interfaces-protocol-compatible command in IS-IS routing process configuration mode on the desired devices, unless
otherwise specified.



Configuring the IS-IS Instance Alias



Perform this configuration based on requirements.



Run the is-name command in IS-IS routing process configuration mode on the desired device, unless otherwise specified.



Configuring the IS-IS Interface Metric



Perform this configuration based on requirements.



Run the isis metric command in interface configuration mode on the desired device, unless otherwise specified.



Configuring an Interface as a Passive Interface



Perform this configuration based on requirements.



Run the isis passive command in interface configuration mode on the desired device, unless otherwise specified.



Configuring the Priority of the DIS



Perform this configuration based on requirements.



Run the isis priority command in interface configuration mode on the desired device, unless otherwise specified.



Suppressing the Routing Calculation after the IS-IS Neighbor Is Up




Perform this configuration based on requirements.
Run the isis suppress on-neighbor-up command in interface configuration mode on the desired device, unless otherwise
specified.



Generating a Default Route
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Perform this configuration based on requirements.



Run the default-information originate command in IS-IS routing process configuration mode or IS-IS address-family ipv6
configuration mode on the desired device, unless otherwise specified.



Configuring the SPF Calculation Cycle



Perform this configuration based on requirements.



Run the spf-interval command in interface configuration mode on the desired device, unless otherwise specified.



Configure a Summary Route



Perform this configuration based on requirements.



Run the summary-address and summary-prefix commands in IS-IS routing process configuration mode or IS-IS address-family
ipv6 configuration mode on the desired device, unless otherwise specified.



Enabling Neighbor Relationship Event Output



Perform this configuration based on requirements.



Run the log-adjacency-changes command in IS-IS routing process configuration mode on the desired device, unless otherwise
specified.



Configuring Route Redistribution



Perform this configuration based on requirements.



Run the redistribute command in IS-IS routing process configuration mode on the desired device, unless otherwise specified.

Verification



maximum-paths:Checkwhetherthemaximumnumberofequal-costpathsdisplayedbyroutingentriesisthesameasthe
configuration.



max-metric on-neighbor-up : Check the database details of IS-IS.



lsp-length receive: Capture packets to check the length of LSPs.



lsp-length originate: Capture packets to check the length of LSPs.



passive-interface: Capture packets to check whether the interface receives and sends IS-IS packets.



bandwidth-reference: Check the metric of the routing table.



interfaces-protocol-compatible: Check the neighbor relationship establishment status.



is-name: Check the database details of IS-IS



isis metric: Check the database details of IS-IS.



isis priority: Check whether the device with the changed priority setting is elected as the DIS.



isis suppress on-neighbor-up: Check the database details of IS-IS.



default-information originate: Check whether a default route is generated.



spf-interval: Check whether the SPF calculation cycle works.



summary-address and summary-prefix: Capture packets to check whether the summary route instead of detailed routes is
advertised through LSPs.



log-adjacency-changes: Change the neighbor state and verify that the change is recorded when debugging is disabled.
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redistribute: Check IS-IS routing entries.

Related Commands



Configuring the Maximum Number of Equal-Cost Paths

Command

maximum-paths maximum

Parameter

maximum: Indicatesthe maximum number of IS-IS equal-cost routes tobe installedto a routing table.The value range is

Description

1 to 32.

Command

IS-IS routing process configuration mode and IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

This command is used by IS-IS to control the number of IS-IS equal-cost paths to be installed to a routing table.The
routing tablealso has a command usedtocontrol thenumber of equal-costpaths.The number of effectiveequal-cost
paths is determined by either of the two command values, whichever is smaller.



Configuring the Maximum Metric for the Connected Routes after the First Neighbor Is Up

Command

max-metric on-neighbor-up seconds

Parameter

Seconds: Indicates the delay time, the value range is 5 to 1800..

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

When the ISIS Overlay scene is applied on the Underlay network, Overlay tunnel may rely on Underlay routing. After ISIS
neighbor is up, the Underlay routing is reachable but the Overlay tunnel may not be created, which may lead to traffic
interruption. Therefore, this command is run to prevent traffic interruption. According to the metric type, the maximum
metric for Narrow is 63 and for Wide is 16777214.



Configuring the Maximum Length Allowed for Received LSPs

Command

lsp-length receive size

Parameter

size:IndicatesthemaximumlengthallowedforreceivedLSPs.AccordingtoRFC,thevaluerangeis1,492to16,000,inthe

Description

unit of bytes.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Usethiscommand tocontrol themaximum length allowed forLSPs received bythelocal device.Intermediatenodes with
sufficient memory are required to receive LSPs whose maximum length is equal to the interface MTU in order to avoid a
route convergence failure. From this perspective, the command is meaningless.The maximum length allowed for
receivedLSPs cannot be smallerthan that allowed forsent LSPs;otherwise, theformerwill beautomaticallyadjusted to
be equal to the latter.



Configuring the Maximum Length Allowed for Sent LSPs

Command

lsp-length originate size [ level-1 | level-2 ]

Parameter

size: Indicates the maximum length allowed for sent LSPs. The value range is 512 to 16,000, in the unit of bytes.

Description

level-1: Applies the setting only to Level-1 LSPs.
level-2: Applies the setting only to Level-2 LSPs.

Command

IS-IS routing process configuration mode

Mode
Usage Guide
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be discarded when being sent.



Configuring a Passive Interface

Command

passive-interface [ default ] { interface-type interface-number }

Parameter

default: Configures all IS-IS interfaces that are not enabled as passive interfaces.

Description

interface-type: Indicates the interface type.
interface-number: Indicates the interface number.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

This command prevents the specified interface from receiving and sending IS-IS packets, but the IP address of the
interface will be flooded by other interfaces.
If the default option is selected and there are more than 255 IS-IS interfaces not enabled, only the first 255 interfaces will
be configured as passive interfaces. The remaining interfaces are non-passive interfaces.



Configuring the Bandwidth Reference

Command

bandwidth-reference value

Parameter

value: Indicates the bandwidth value. The value ranges from 1 to 4294967, in the unit of Mbps. The default value is 100.

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

Use this command to calculate the interface metric in an instance according to the bandwidth reference configured in
the instance. If a metric is configured, the metric prevails.

Configuring the TLV Field of the IS-IS Protocol to Be Padded Based on Protocols Supported by an Interface
Command

interfaces-protocol-compatible

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

When devices supporting IS-IS for IPv4 or IS-IS for IPv6 and those supporting both IS-IS for IPv4 and IS-IS for IPv6 on a
network are configured to establish a neighbor relationship, the calculated routes may be unreachable, resulting in
routing black holes. Toprevent routing black holes, the TLV(#129) field of FS IS-IS protocol is padded based on protocols
supported by an instance, that is, IS-IS instances that establish a neighbor relationship need to support the same
protocol.
The TLV(#129) field of the IS-IS protocol supported by devices of some vendors is padded based on protocols supported
by an interface. In single topology mode, a FS device connects to a device of another vendor, a loopback interface is
configured on both devices, both IS-IS for IPv4 and IS-IS for IPv6 are enabled, and only a single protocol stack (IS-IS for
IPv4 or IS-IS for IPv6) is configured on the interface for interconnecting the two devices. The device of the other vendor
sends TLV#129 (supporting only a single protocol stack) based on interfaces whereas FS device sends TLV#129
(supporting dual protocol stacks) based on instances. As a result, the displayed neighbor status on the device of the other
vendor is "Init" but FS device cannot establish a neighbor relationship with the device of the other vendor.
For this, the interfaces-protocol-compatible command can be configured to enable FS devices to establish a neighbor
relationship with devices of other vendors.



Configuring an IS Name
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Command

is-name name

Parameter

name: Indicates the name for replacing the system ID. The name contains a maximum of 64 characters.

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide

Use this command to replace the system ID of an instance with the configured name. All system IDs displayed in the
command output of show isis database and show isis neighbors are replaced with the configured name.



Configuring the IS-IS Interface Metric

Command

isis metric metric [ level-1| level-2 ]

Parameter

metric: Indicates the metric value. The value range is 1 to 63. The default value is 10.

Description

level-1: Applies the setting to Level-1 circuits.
level-2: Applies the setting to Level-2 circuits.

Command

Interface configuration mode

Mode
Usage Guide

Themetric,whichisusedinSPFcalculation,isstoredintheIPreachabilityinformationTLV.Thegreaterthemetric,the
greater the routing consumption of the interface and the longer the path obtained by SPF calculation.
The metric belongs to the narrow type and is valid only when metric-style is set to Narrow.



Configuring the Wide Metric of an Interface

Command

isis wide-metric metric [ level-1 | level-2 ]

Parameter

metric: Indicates the metric value. The value range is 1 to 16,777,214. The default value is 10.

Description

level-1: Applies the setting to Level-1 circuits.
level-2: Applies the setting to Level-2 circuits.

Command

Interface configuration mode

Mode
Usage Guide

Themetric,whichisusedinSPFcalculation,isstoredintheIPreachabilityinformationTLV.Thegreaterthemetric,the
greater the routing consumption of the interface and the longer the path obtained by SPF calculation.
The metric is valid only when metric-style is set to Wide.



Configuring the Interface as an Passive Interface

Command

isis passive

Parameter
Description
Command

Interface configuration mode

Mode
Usage Guide

ThecommandpreventstheinterfacefromreceivingorsendingIS-ISpackets,buttheIPaddressisfloodedthroughother
interfaces.
The command is valid only for the generated IS-IS interface.



Configuring the Priority of the DIS

Command

isis priority value [ level-1 | level-2 ]

Parameter

value: Indicates the priority. The value range is 0 to 127. The default value is 64.

Description

level-1: Applies the setting to Level-1 circuits.
level-2: Applies the setting to Level-2 circuits.
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Command

Interface configuration mode

Mode
Usage Guide

Usethiscommand tochange the priority carried inHello packetsina LAN.
The device with a lower priority is less likely to be elected as the DIS.
The command is invalid on a P2P network interface.
The no isis priority command, with or without parameters, restores the priority to its default value. To change the
configured priority, run the isis priority command with the priority specified to overwrite the existing configuration, or
you can first restore the priority to its default value and then configure a new priority.



Suppressing the Routing Calculation after the IS-IS Neighbor Is Up

Command

isis suppress on-neighbor-up seconds

Parameter

seconds: Indicates the delay time, the value range is 1 to 60.

Description
Command

Interface configuration mode

Mode
Usage Guide

Afterthe interfaceneighbor is up, this command prevents theneighbor reachabilityfrombeing added toLSP so as to
delay the routing calculation. When the timer expires, the neighbor reachability is added to LSP to start the routing
calculation.This function preventstherouting calculation fromusingthe old LSP,which maylead torouting flapping.



Generating a Default Route

Command

default-information originate [ route-map map-name ]

Parameter

route-map map-name: Associates with a route map.

Description
Command

IS-IS routing process configuration mode and IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

Because Level-2 domains do not generate any default route, use this command to allow a default route toenter a Level-2
domain.



Configuring SPF Calculation Cycle

Command

spf-interval [ level-1 | level-2 ] maximum-interval [initial-interval hold-interval]

Parameter

level-1: Applies the configuration only to Level-1.

Description

level-2: Applies the configuration only to Level-2.
maximum-interval:IndicatesthemaximumintervalforperformingtwoconsecutiveSPFcalculations.The valuerangeis1
to 120 (in seconds). The default value is 10.
initial-interval: Indicates the waiting time for performing the SPF calculation for the first time. The value range is 0 to
60000 (in milliseconds). The default value is 50.
hold-interval: Indicates the minimum interval for performing the SPF calculation for the second time. The value range is
10 to 60000 (in milliseconds). The default value is 200.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

Increasingthemaximuminterval forperformingSPFcalculations canavoidfrequentSPFcalculationsand wasteofCPU
resources. However, a larger minimum interval also leads to slower responses to route changes.
The waiting time for performing the SPF calculation for the first time is the initial interval. If the network becomes
unstable, the SPF calculation interval is less than the maximum interval, and the interval for performing the SPF
calculation for the second timebecomes the hold interval. A corresponding penalty is added tothis interval: The next
interval for the SPF calculation doubles the previous interval for the same SPF calculation, until the SPF calculation
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interval reaches the maximum interval. Subsequent SPF calculations are performed at the maximum interval. When the
networkbecomes stable,the interval for performingtheSPF calculationbecomes greater thanthe maximuminterval,
and the waiting time for performing the SPF calculation is restored to the initial interval.
Link changes have high requirements for convergence. The initial interval can be set to a small value. The preceding
parameters can also be adjusted to larger values to reduce CPU consumption.
The value of initial-interval cannot be greater than that of maximum-interval. Otherwise, the value of initial-interval
will be used as the value of maximum-interval.
The value of hold-interval cannot be greater than that of maximum-interval. Otherwise,the value of hold-interval will
be used as the value of maximum-interval.
The value of initial-interval cannot be greater than that of hold-interval. Otherwise, the value of initial-interval will be
used as the value of hold-interval.



Configuring an IPv4 Summary Route

Command

summary-address ip-address net-mask [ level-1 | level-2 | level-1-2 ] [ metric number ]

Parameter

ip-address: Indicates the IP address of the summary route.

Description

net-mask: Indicates the subnet mask of the summary route.
level-1: Applies the setting only to Level-1.
level-2: Applies the setting only to Level-2. By default, the setting takes effect for Level-2.
level-1-2: Applies the setting to Level-1 and Level-2.
number: Indicates the metric of the summary route.

Command

IS-IS routing process configuration mode

Mode
Usage Guide

If the configured summary route contains routing information about a reachable address or network segment, the
summary route, instead of detailed routes, is advertised externally.



Configuring an IPv6 Summary Route

Command

summary-prefix ipv6-prefix/prefix-length [ level-1 | level-2 | level-1-2 ]

Parameter

ipv6-prefix/prefix-length: Indicates the network address of the summary route and its IPv6 prefix length. The address

Description

format is X:X:X:X::X/<0-128>.
level-1: Applies the setting only to Level-1.
level-2: Applies the setting only to Level-2. By default, the setting takes effect for Level-2.
level-1-2: Applies the setting to Level-1 and Level-2.

Command

IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

If the configured summary route contains routing information about a reachable address or network segment, the
summary route, instead of detailed routes, is advertised externally.



Enabling Neighbor Relationship Event Output

Command

log-adjacency-changes

Parameter

N/A

Description
Command

IS-IS routing process configuration mode

Mode
Usage Guide
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resources.



Redistributing Other Routes to IS-IS

Command

redistribute { bgp | ospf process-id [ match { internal [ external [ 1 | 2 ] ] [ nssa-external [ 1 | 2 ] ] | external [ 1 | 2 ]
[ internal ] [ nssa-external [ 1 | 2 ] ] | nssa-external [ 1 | 2 ] [ internal ] [ external [ 1 | 2 ] ] } ] | rip | connected | static }
[ metric metric-value ] [ metric-type type-value ] [ route-map map-tag ] [ level-1 | level-1-2 | level-2 ]

Parameter

process-id: Indicates the OSPF process ID. The range is 1 to 65,535.

Description

match { internal |external [ 1 | 2 ] | nssa-external [ 1| 2 ] }:When OSPF routes are redistributed, the routes are filtered
by subtype. If the match option is not selected, routes of all OSPF types will be received. If match external is not
followed by the number 1 or 2, OSPF routes specified by external 1 and external 2 will be redistributed. If match
nssa-externalisnotfollowedbythenumber1or2,OSPFroutesspecifiedbynssa-external1andnssa-external2will
be redistributed.
metric metric-value: Indicates the metric of redistributed routes. The value range is 0 to 4,261,412,864. The metric of
external routes is used when the metric option is not specified.
metric-type { internal | external }: Indicatesthe metric type of redistributed routes. internal: Indicatesthat the metric
belongs to the internal type. external: Indicates that the metric belongs to the external type. If metric-type is not
specified, the metric belongs to the internal type.
route-map map-tag: Indicates the route map used for external route redistribution. It isused to filter redistributed routes
or configure the attributes of redistributed routes. The value of map-tag cannot exceed 32 characters. By default,
route-map is not configured.
level-1 | level-1-2 | level-2: Indicates the Level of redistributed routes received by IS-IS. If no Level is specified, routes are
redistributedtoLevel-2.level-1:RedistributesroutestoLeve-1.level-1-2:RedistributesroutestoLevel-1andLevel-2.
level-2: Redistributes routes to Leve-2.

Command

IS-IS routing process configuration mode and IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

Thenoredistritbue {bgp|ospf processs-id|rip|connected |static}commandisusedtocancelthe redistributionof
routes mapped to the specified protocol. If no redistribute is followed by other parameters, the command will restore
the default parameter settings, rather than cancel route redistribution. For example, no redistribute bgp cancels BGP
routeredistribution,whereasnoredistributebgproute-mapaacancelstheroutemap namedaausedforBGProute
redistribution.
When external routes are redistributed in IPv4 mode, the routing information is stored in LSPs' IP External Reachability
Information TLV.
When external routes are redistributed in IPv6 mode, the routing information is stored in LSPs' IPv6 ReachableTLV.
In the old versions of some vendors, if metric-type is set to external, the metric of redistributed routes is added by 64
during route calculation and used to determine routing. This practice does not comply with the related protocol. In the
actual application, external routes may be preferred over internal routes. If this happens during interworking with old
versionsofsomevendors,you canmodifytherelatedsetting(suchasmetricor metric-type)ofeachdevicetoensure
that internal routes are preferred over external routes.



Redistributing the Level-1 Reachable Routing Information of the Specified IS-IS Instance to Level-2 of the Current
Instance

Command

redistribute isis [ tag ] level-1 into level-2 [ route-map route-map-name | distribute-list access-list-name ]

Parameter

tag: Indicates the name of the IS-IS instance whose routing information will be redistributed.

Description

route-map route-map-name: Indicates the route map used for rout redistribution. It is used to filter redistributed routes
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orconfiguretheattributesofredistributedroutes.The valueof route-map-name cannot exceed32characters.Bydefault,
route-map is not configured.
distribute-list access-list-name: Filters redistributed routes by using distribute-list. access-list-name indicates the
associated prefixlist, whichcan be a standard prefixlist, an extended prefix list, or a name prefix list. It is in the format of
{<1-99> | <100-199> | <1300-1999> | <2000-2699> | acl-name }. When the IS-IS address-family ipv6 configuration mode is
applied, only the name prefix list can be used, in the format of acl-name.
Command

IS-IS routing process configuration mode and IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

Youcan use the route-map or distribute-list parameter to filter the specified instance's Level-1 routes to be
redistributed. Onlythe routesthat meet specificcriteriacanbe redistributed toLevel-2of thecurrent instance.The
route-map and distribute-list parameters cannot be used at the same time.
The no redistritbue isis [tag] level-2 into level-1 command is used to cancel the redistribution of the specified
instance'sroutes.Ifnoredistributeisfollowedbyother parameters,thecommandwillrestorethedefaultparameter
settings, rather than cancel route redistribution.
For example, no redistritbue isis tag1 level-1 intolevel-2 cancels the redistribution of the routes of the IS-IS instance
name tag1.noredistritbue isistag1 level-1intolevel-2route-map aa cancelsthe use of theroute map named aa to
filter redistributed routes.



Redistributing the Level-2 Reachable Routing Information of the Specified IS-IS Instance to Level-1 of the Current
Instance

Command

redistributeisis [ tag ] level-2 into level-1 [ route-map route-map-name | distribute-list access-list-name |( prefix
ip-address net-mask | ipv6-prefix ipv6-address/length) ]

Parameter

tag: Indicates the name of the IS-IS instance whose routing information will be redistributed.

Description

route-map route-map-name: Indicates the routemap used forroute redistribution. It is usedto filter redistributed routes
or configure the attributes of redistributed routes. The value of route-map-name cannot exceed 32 characters. By default,
route-map is notconfigured.
Distribute-list access-list-name: Filters redistributed routes by using distribute-list. access-list-name indicates the
associated prefix list, which can be a standard prefix list, an extended prefix list, or a name prefix list. It is in the format of
{<1-99> | <100-199> | <1300-1999> | <2000-2699> | acl-name }. When the IS-IS address-family ipv6 configuration mode is
applied, only the name prefix list can be used, in the format of acl-name.
prefix ip-address net-mask: Determines the routes to be redistributed by address and prefix length.
ipv6-prefix ipv6-address/length: Determines the IPv6 routes to be redistributed by address and prefix length.

Command

IS-IS routing process configuration mode and IS-IS address-family ipv6 configuration mode

Mode
Usage Guide

Youcanusetheroute-map,distribute-list,orprefixparametertofilterthespecifiedinstance'sLevel-2routestobe
redistributed. Only the routes that meet specific criteria can be redistributed to Level-1 of the current instance.
The no redistritbue isis [ tag ] level-2 into level-1 command is used to cancel the redistribution of the specified
instance'sroutes.Ifnoredistributeisfollowedbyother parameters,thecommandwillrestorethedefaultparameter
settings, rather than cancel route redistribution.
For example:
noredistritbueisistag1level-2intolevel-1cancelstheredistributionoftheroutesoftheIS-ISinstancenametag1.no
redistritbue isis tag1 level-2 into level-1 route-map aa cancels the use of the route map named aa to filter
redistributed routes.

Configuration Example
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Configuring the Maximum Number of Equal-Cost Paths

Configuration



Configure IS-IS neighbors. (Omitted)

Steps



Configure the maximum number of equal-cost paths.

A(config)# router isis
A(config-router)# maximum-paths 5

Verification



Check whether the maximum number of equal-cost paths displayed by routing entries is the same as the
configuration.

A# showiproute isis



Configuring the Maximum Metric for the Connected Routes after the First Neighbor Is Up

Configuration

Configure IS-IS neighbors. (Omitted)
Configure the maximum metric after the first neighbor is up.
A(config)# router isis
A(config-router)# max-metric on-neighbor-up 10

Verification

Checks the database details of IS-IS.
A# show isis database detail



Configuring the Maximum Length Allowed for Received LSPs

Configuration



Configure IS-IS neighbors. (Omitted)



Configure the maximum length allowed for received LSPs.

A(config)# router isis
A(config-router)# lsp-length receive 512

Verification



Capture packets to check the length of received LSPs.

Configuring the Maximum Length Allowed for Sent LSPs

Configurations



Configure IS-IS neighbors. (Omitted)



Configure the maximum length allowed for sent LSPs.

A# configure terminal
A(config)# router isis 1
A(config-router)# lsp-length originate 512 level-2

Verification
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Configuring a Passive Interface

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure a passive interface.

A# configure terminal
A(config)# router isis 1
A(config-router)# passive-interface GigabitEthernet 0/0

Verification



Capture packets to check whether the interface receives and sends IS-IS packets.

Configuring the Metric of an IS-IS Interface

Configuration



Configure IS-IS neighbors. (Omitted)

Steps



Configure metric of the IS-IS interface.

A(config)# interface GigabitEthernet 0/1
A(config-if)#isis metric 1

Verification

Check the database details of IS-IS.
A# show isis database detail



Configuring the Interface as an Passive Interface

Configuration
Steps

Configure IS-IS neighbors. (Omitted)
Configure a passive interface.
A(config)# interface GigabitEthernet 0/1
A(config-if)# isis passive

Verification



Capture packets to check whether the interface receives and sends IS-IS packets.

Configuring the Priority of the DIS

Configuration



Configure IS-IS neighbors. (Omitted)

Steps



Configure the priority of the DIS.

A(config)# interface GigabitEthernet 0/1
A(config-if)# isis priority 127 level-1

Verification

Check whether the device with the changed priority setting is elected as the DIS.
A# show isis database detail



Suppressing the Routing Calculation after the IS-IS Neighbor Is Up
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Configuration
Steps

Configure IS-IS neighbors. (Omitted)
Suppress the routing calculation after the is-is neighbor is up.
A(config)# interface GigabitEthernet 0/1
A(config-if)# isis suppress on-neighbor-up 10

Verification



Run the command show ip route

Generating a Default Route

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Generate a default route.

A(config)# router isis
A(config-router)# default-information originate

Verification



Capture packets to check whether the sent LSP contains a default route.

Configuring SPF Calculation Cycle

Configuration



Configure IS-IS neighbors. (Omitted)

Steps



Configuring SPF calculation cycle.

A(config)# router isis
A(config-router)# spf-interval 5 100 200
Verification



Check whether the SPF calculation cycle works.

Configuring an IS-IS Summary Route

Configuration

Router A and Router B are connected through the Ethernet and run IS-IS. Configure Router A toadvertise only the

Requirements

172.16.0.0/22 route instead of the 172.16.1.0/24 and 172.16.2.0/24 routes.

Figure 6- 20
IS-IS Route
Summary
Topology

Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.



Configure the password for IS-IS authentication.
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A

Configure IS-IS.
A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config-router)# summary-address 172.16.0.0/16 level-1-2
Configure Ethernet interfaces.
A(config)# interface GigabitEthernet 0/0
A(config-if)# ip address 192.168.20.1 255.255.255.0
A(config-if)# ip router isis
A(config)# interface GigabitEthernet 1/0
A(config-if)# ip address 172.16.1.1 255.255.255.0
A(config-if)# ip router isis
A(config)# interface GigabitEthernet 1/1
A(config-if)# ip address 172.16.2.1 255.255.255.0
A(config-if)# ip router isis

B

Configure IS-IS.
B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
Configure an Ethernet interface.
B(config)# interface GigabitEthernet 0/0
B(config-if)# ip address 192.168.20.2 255.255.255.0
B(config-if)# ip router isis

Verification

Run the show ip route command on Router B to check whether only one summary route exists.

B

B(config)# show ip route
i L1



172.16.0.0/16 [115/20] via 192.168.20.1, FastEthernet0/0

Configuring an IS-ISv6 Summary Route
Router A and Router B are connected through the Ethernet and run IS-ISv6. Configure Router A to advertiseonly the
2000::/96 route instead of the 2000::1111:0/112 and 2000::2222::0/112 routes.
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Figure 6- 21
IS-ISv6 Route
Summary
Topology

Configuration



Configure IS-IS.

Steps



Configure Ethernet interfaces.



Configure the password for IS-IS authentication.

A

Configure IS-IS.
A(config)# ipv6 unicast-routing
A(config)# router isis
A(config-router)# net 49.0001.0000.0000.0001.00
A(config-router)# address-family ipv6 unicast
A (config-router-af)# summary-prefix 2000::/96 level-1-2
A (config-router-af)# exit-address-family
Configure Ethernet interfaces.
A(config)# interface GigabitEthernet 0/0
A(config-if)# ipv6 address 5000::1/64
A(config-if)# ipv6 router isis
A(config)# interface GigabitEthernet 1/0
A(config-if)# ipv6 address 2000::1111:0001/112
A(config-if)# ipv6 router isis
A(config)# interface GigabitEthernet 1/1
A(config-if)# ipv6 address 2000::2222:0001/112
A(config-if)# ipv6 router isis

B

Configure IS-IS.
B(config)# ipv6 unicast-routing
B(config)# router isis
B(config-router)# net 49.0001.0000.0000.0002.00
Configure an Ethernet interface.
B(config)# interface GigabitEthernet 0/0
B(config-if)# ipv6 address 5000::2/64
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B(config-if)# ipv6 router isis

Verification

Run the show ipv6 route command on Router B to check whether only one summary route exists.

B

B(config)# show ipv6 route
I1 2000::/96 [115/20] via FE80::C800:1BFF:FEF8:1C, FastEthernet1/0



Enabling Neighbor Relationship Event Output

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Enable neighbor relationship event output.

A(config-router)# log-adjacency-changes

Verification



Change the neighbor state and verify that the change is recorded when debugging is disabled.

Configuring Route Redistribution

Configuration
Steps



Configure IS-IS neighbors. (Omitted)



Configure OSPF routes. (Omitted)



Configure route redistribution

A(config)# router isis
A(config-router)# redistribute ospf 1 metric 10 level-1

Verification

Check whether routing entries with redistributed routes exist.
A# showiproute isis

6.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears all IS-IS neighbor relationship

clear clns neighbors

tables.
Clears all IS-IS data structures.

clear isis *

Clears all IS-IS counters.

clear isis [ tag ] counter

Displaying
Description

Command

Displays all IS neighbors and inter-device

show clns [ tag ] is-neighbors [ interface-type interface-number ] [ detail ]
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neighbor relationships.
Displays all IS neighbors and provides

show clns [ tag ] neighbors [ interface-type interface-number ] [ detail ]

device information and information
abouttheneighborrelationshipwithESs.
Displays all IS-IS counters.

show isis [ tag ] counter

Displays the LSDB information.

show isis [ tag ] database [ FLAGS ] [ LEVEL ] [ LSPID ]

Displays the state information related to

show isis [ tag ] graceful-restart

IS-IS GR.
Displays the relationship between the

show isis [ tag ] hostname

device name and system ID.
Displays the details of an IS-IS interface. show isis [ tag ] interface [ interface-type interface-number ] [ counter ]
Displays the mesh group configuration of

show isis [ tag ] mesh-groups

all interfaces.
Displays IS-IS neighbor information.

show isis [ tag ] neighbors [ detail ]

Displays IS-IS NSR information.

show isis [ tag ] nsr

Displays the neighbor information of

show isis [ tag ] virtual-neighbors

virtual systems in IS-IS.
Displays IS-IS information.

show isis [ tag ] protocol

Displays the topology of IS-IS device

show isis [ tag ] topology [ frr { self-originate | WORD | all} ] [ l1 | l2 | level-1 | level-2 ]

connection.
Displays information of an IS-IS IPv6

show isis [ tag ] ipv6 topology [ l1 | l2 | level-1 | level-2 ]

unicast topology.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Enables IS-IS debugging.

debug isis { all | auth | events | frr | gr | ifsm | lsp | mtr | nfsm | nsm | nsr | pdu | spf | warn }

7 Configuring BGP
7.1 Overview
TheBorderGatewayProtocol(BGP)isanExteriorGatewayProtocol(EGP)usedforcommunicationbetweenroutersindifferent
autonomous systems (ASs). BGP is used to exchange network accessibility information between different ASs and eliminate routing
loops by using its own mechanism.
BGP uses TCP as the transmission protocol. The reliable transmission mechanism of TCP is used to ensure the transmission reliability of
BGP.
Routers running BGP are called BGP speakers.BGP speakers between which a BGP session isestablished are calledBPG peers.
Twomodes can be used toestablishpeers between BGP speakers:Internal BGP (IBGP) and External BGP (EBGP).



IBGP refers to a BGP connection established within an AS and completes transition of routing information within the AS.



EBGP refers to a BGP connection established between different ASs and completes exchange of routing information between
different ASs.
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Rules for BGP to select an optimum route:
33.

Invalid routing table entries are not involved in optimum route selection.
Invalid entries include entries of inaccessible next hops and flapping entries.

34.

Otherwise, select a route with a lae value of LOCAL_PREF.

35.

Otherwise, select a route generated by a BGP speaker.
Routes generated by a BGP speaker include routes generated by the network, redistribute and aggregate commands.

36.

Otherwise, select a route with the shortest AS length.

37.

Otherwise, select a route with a smaller value of ORIGIN.

38.

Otherwise,selectaroutewiththesmallestvalueofMED.

39.

Otherwise, EBGP routes have higher priorities than IBGP routes and routes in the AS alliance, and the IBGP routes have the same
priorities as the routes in the AS alliance.

40.

Otherwise, select a route with the smallest IGP metric value to the next hop.

41.

Otherwise, select an EBGP route that is received first.

42.

Otherwise, select a route advertised by a BGP speaker with a smaller router ID.

43.

Otherwise, select a route with a smaller cluster length.

44.

Otherwise, select a route with a smaller neighbor address.
The preceding shows the route selection process under the default configurations. By using CLI commands, you can change the
route selection process. For example, you can run the bgp bestpath as-path ignore command to make step 4 of the route
selection process lose effect or run the bgp bestpath compare-routerid command to make step 9 lose effect.

Protocols and Standards



RFC4271: A Border Gateway Protocol 4 (BGP-4)



RFC4273: Definitions of Managed Objects for BGP-4



RFC4360: Proposed Standard: BGP Extended Communities Attribute



RFC4364: Proposed Standard: BGP/MPLS IP Virtual Private Networks (VPNs)



RFC4486: Proposed Standard: Subcodes for BGP Cease Notification Message



RFC4724: Proposed Standard: Graceful Restart Mechanism for BGP



RFC4760: Draft Standard: Multiprotocol Extensions for BGP-4



RFC5492: Draft Standard: Capabilities Advertisement with BGP-4



RFC7313: Enhanced Route Refresh Capability for BGP-4



RFC7432: Proposed Standard: BGP MPLS-based Ethernet VPN

7.2 Applications
Application

Description

Inter-AS Route Advertisement

Implement inter-AS route advertisement by using BGP.

Intra-AS Route Reflection

Set up a route reflection topology within an AS to reduce BGP connections.
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7.2.1 Inter-AS RouteAdvertisement

Scenario
BGP implements route advertisement and maintenance across different ASs.
As shown in Figure 7- 1, BGP transfers the route of AS 65536 to AS 65538 through AS 65537.
Figure 7-1

Remarks

R1isadeviceatthenetworkedgeofAS65536.
R2 and R3 are devices at the network edge of AS 65537.
R4 is a device at the network edge of AS 65538.

Deployment



Establish the EBGP neighborship between R1 and R2 to implement inter-AS route advertisement.



Establish the IBGP neighborship between R2 and R3 to implement intra-AS route advertisement.



The Internet runs OSPF to ensure network accessibility between R2 and R3.



Establish the EBGP neighborship between R3 and R4 to implement inter-AS route advertisement.

7.2.2 Intra-AS Route Reflection

Scenario
According to the BGP route advertisement principles, routes learned by an IBGP neighbor will not be advertised tothe next IBGP
neighbor by default.Thereforewithinan AS, adevicerunning BGP must implement full-mesh.Whenthereare many BGP devices
withintheAS,implementingfull-meshmay causelargedifficultiesfornetworkdeployment.Inthiscase,routereflectioncanbeused
to solve this problem.
AsshowninFigure7-2,routereflectionisdeployedtoimplementBGPfull-meshamongR1toR4andRR.
Figure 7-2
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Remarks

RR is a route reflector.
R1 to R4 are route reflection clients.

Deployment



Establish IBGP neighborships between R1 to R4 and RR respectively.



Configure R1 to R4 as the route reflection clients of RR.

7.3 Features
Basic Concept



BGP Speaker and AS Number

A router enabled with BGP is called a BGP speaker.
After a routeis enabled with BGP,a local AS number must be specified for the router.An AS number is a globallyunique number
allocated by IANA, ranging from 1 to 4294967295.



BGP Neighbor and Peer

Before a route is advertised between BGP speakers, a neighborship must be established in advance. You need to manually configure
BGP neighbors on both BGP speakers. That is, configure the peer as a neighbor on the two BGP speakers respectively. Therefore, BGP
neighbors are also called BGP peers.



Neighbor Type and Route Type

BGP neighborships are classified into the following types:



IBGP neighborship: The neighborship between BGP speakers within an AS is called IBGP neighborship. Routes learned from
IBGP neighbors are called IBGP routes.



EBGP neighborship: The neighborship between BGP speakers in different ASs is called EBGP neighborship. Routes learned from
EBGP neighbors are called EBGP routes.



BGP route attribute

When a BGP speaker advertises routes to its neighbors, the BGP speaker also advertises the attributes carried by the routes. Common
BGP attributes are as follows:



ORIGIN: Specifies the origin of a BGP route and can be set to IGP, EGP, or INCOMPLETE.



AS-PATH: Lists the ASs passed by a route in a reverse order. The last AS is placed at the beginning of the list.



NEXT-HOP: Specifies the IP address of the next hop to be reached by a BGP route.



MULTI-EXIT-DISC: Distinguishes multiple output/input interfaces for reaching the same neighbor AS. A smaller value means a
higher priority.



LOCAL-PREF: Distinguishes the priorities of IBGP routes in an AS. A larger value means a higher priority.

Overview
Feature

Description

Creating a BGP Neighbor

Create a BGP neighbor.

Configuring a BGP Route

Set up a BGP route reflection topology to simplify network deployment for BGP neighbor full-mesh.
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Feature

Description

Reflector
Configuringa BGP Alliance

Configure a BGP alliance to simplify network deployment for BGP neighbor full-mesh.

Re-distributing Local AS

Re-distribute routing information to BGP and advertise local routes through BGP.

Network Information to
BGP
Controlling Route

Configure the route exchange policy for a BGP peer and control routes to be received by and to be

Exchange Between BGP

advertised to this peer.

Peers
Obtaining Accessible

Re-distribute routing information in BGP into a core routing table or IGP.

Networks of Other ASs
from BGP
Configuring

Configure BGP to check whether BGP routes are synchronized with IGP routes.

Synchronization Between
BGP and IGP
Configuring BGP Soft Reset After a routing policy changes, use soft reset to apply a new policy.
Configuring the Route

Configure the route selection algorithms and routing policy control of BGP.

Attributes of BGP
Configuring BGP Route

Reduce routes by means of route aggregation.

Aggregation
Configuring BGP Route

Reduce the impacts of route flapping on a network topology.

Dampening
Configuring the

Change the priorities of BGP routes.

Management Distance of
BGP
Configuring Multi-path

Configure multi-path load balancing for BGP to enhance the network reliability and increase the network

Load Balancing of BGP

bandwidth.

Configuring BGP FRR

Configure fast rerouting for BGP to enhance the network reliability.

Configuring BGP Timers

Modify the internal timer time of BGP.

Configuring BGP Route

Disable/Enable regular scanning for BGP routes and configure the route scanning interval.

Update Mechanisms
Configuring the Next-Hop

Configure the next hop triggering update function of BGP.

Triggering Update
Function of BGP
Configuring BGP LOCAL AS Configure the LOCAL AS for a BGP neighbor.
Configuring BGP Capacity

Avoid non-predictable running status caused by consumption of device capacity.

Protection
Configuring BGP GR

Configure the BGP GR function to enhance the network reliability.

Configuring 4-Byte AS

Configure the display mode of a 4-byte AS number.

Numbers of BGP
Configuring a Regular

Use a regular expression to filter routing information.

Expression
Configuring BGP Session

Configure BGP to ensure that after an address family with incorrect routing attributes is detected for a

Retention

neighbor, other address family routes advertised by the neighbor will not be affected.
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Feature

Description

Configuring BGP Delayed

Configure BGP to delay route advertisement to a neighbor within a period after the system is restarted.

Advertisement upon
System Restart
Configuring BGP Tracking

Configure BGP tracking function.

Configuring BGP NSR

Enable the NSR function for BGP neighbor.

Configuring BGP Routes to

Enable IBGP o EBGP routes to be recursive only to host routes.

BeRecursiveOnlytoHost
Routes
Configuring Outbound

Enable outbound loop detection for a BGP neighbor.

Loop Detection for a BGP
Neighbor
Shutting Down BGP

Shut down BGP connection gracefully. Make sure that the service traffic is not interrupted or is

Connection Gracefully

interrupted for a very short period of time.

Configuring Enhanced VPN

Configure the enhanced VPN route import function.

Route Import
Configuring Enhanced

Indicate the BGP route update group, which is used to improve the handling performance for route

Route-Refresh

advertisement to neighbors.

Configuring BGP EVPN

Configure the BGP EVPN function.

Other Related

Configure extended BGP functions.

Configurations
7.3.1 Creating a BGP Neighbor

ABGP neighbor ismanuallyconfigured by auser.Twoconnection modesaresupported: IBGPand EBGP.Youcan identifythe
connection mode between BGP speakers based on the AS where the BGP peer resides and the AS where the BGP speaker resides.
Generally, BGP speakers between which an EBGP connection is established are directly connected whereas BGP speakers
between which an IBGP connection is established can be at any location within an AS.
Working Principle
A BGP speaker can initiate a TCP connection request to a BGP peer specified by a user. After the TCP connection is successfully created,
thepeerswillexchangeBGPpacketstonegotiateaboutconnectionparameters.TheBGPneighborshipissuccessfullyestablished
after the negotiation succeeds.



Creating a TCP Connection

A BGP speaker initiates a TCP connection request to a neighbor. The destination IP address is the peer IP address specified by the user
and the port number is fixed to 179.
The BGP speaker also listens on the port number 179 of the local TCP connection to receive connection requests from its peer.



Negotiating about Protocol Parameters

After the TCP connection is successfully created, the BGP speakers exchange OPEN packets to negotiate about BGP connection
parameters. The parameters for negotiation include:



Version: Indicates the BGP version number. At present, only version 4 is supported.
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Neighbor AS number: Determines whether the AS number of the neighbor is consistent with the local AS number.If not, the
connection request will be denied.



Hold Time: Negotiates about the timeout duration for the BGP connection. The default value is 180 seconds.



Neighborcapability:Negotiatesaboutvariousextendedcapabilitiessupportedbytheneighbor,includingtheaddressfamily,
dynamic route update, and GR functions.



Maintaining Neighborship

The Keepalive message is periodically sent between BGP speakers. If a new Keepalive packet is not received from the BGP neighbor
after the Hold Time expires, the BGP speaker considers that the neighbor is not accessible, disconnects the TCP connection from the
neighbor,and attempts toreconnecttoit.The interval for aBGP speaker tosend theKeepalive messageisone thirdof theHoldTime
determined through negotiation and is 60 seconds by default.
Related Configuration



Creating a BGP Neighbor

By default, a BGP speaker does not specify any neighbor. You can manually configure a BGP neighbor.
You can run the neighbor { peer-address | peer-group-name } remote-as as-number command to manually create a BGP neighbor and
specify the AS number of the neighbor.



Setting the Neighbor TTL

By default, The TTL field in a TCP packet sent by an IBGP neighbor is set to the maximum value (255). It is set to 1 by an EBGP neighbor.
Youcanruntheneighbor{peer-address|peer-group-name}ebgp-multihop[ttl]commandtosettheTTLfieldofaTCPpacketsent
by a BGPneighbor.
A larger value of TTL means a longer distance between BGP neighbors. When TTL is 1, the BGP neighbor devices must be directly
connected.



Setting the Source Address of TCP

By default, BGP automatically selects the source IP address of a TCP connection based on the IP address of the neighbor. Generally, the
IP address of a local packet output interface is used.
Youcan run the neighbor { peer-address | peer-group-name } update-source {interface-type interface-number | address } command to
adjust the source IP address of the neighbor's TCP connection.



Disabling Private PIC Process

By default, BGP neighbors support private PIC process.
Run neighbor { neighbor-address | peer-group-name } pic-disable command to disable the private PIC process to a BGP neighbor.



Setting MD5 Encryption

By default, a BGP connection is not encrypted through MD5.
You can run the neighbor { peer-address | peer-group-name } password [ 0 | 7 ] string command to set encryption for a BGP neighbor's
TCP connection.



Activating the Address Family Capability of a Neighbor

By default, a neighbor created in the BGP configuration mode activates only the IPv4 Unicast address family capability.
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You can run the address-family command to enter a corresponding address family mode, and then run the neighbor
{neighbor-address|peer-group-name}activate{ipv4|ipv6} commandtoactivatetheaddressfamilycapabilityfortheBGP
neighbor.
7.3.2 Configuring a BGP Route Reflector

According to the principle of BGP route advertisement, full mesh must be established for all BGP speakers within an AS (neighborships
need to be established between each two BGP speakers). Too many BGP speakers within an AS will increase the resource overhead of
the BGP speakers, increase the network administrator's workload and complexity of configuration and decrease the network
expansion capability.
Using a route reflector is a method for reducing IBGP peer connections within an AS.
The methods for reducing the IBGP peer connections within an AS include using a route reflector and using an AS alliance.
Working Principle
Configure a BGP speaker as a route reflector which classifies IBGP peers in an AS into two types: clients and non-clients.
The rules for implementing a route reflector within an AS are as follows:



Configure a route reflector and specify clients for the route reflector. The route reflector and its clients form a cluster. The route
reflector will connect to its clients.



The clients of a route reflector in a cluster cannot connect to other BGP speakers out of the cluster.



Withinan AS,fullmeshisestablishedamongIBGPpeersofnon-clients.The IBGPpeersofnon-clientsincludethe following
situations: Multipleroute reflectors ina cluster;a route reflector in acluster and BGP speakers (generallynot supporting the
route reflector function) not involved in the route reflector function out of the cluster; a route reflector in a cluster and route
reflectors in other clusters.

The rules for processing a route received by a route reflector are as follows:



A route update message received by an EBGP speaker will be sent to all clients and non-clients.



A route update message received by a client will be sent to other clients and all non-clients.



A route update message received by an IBGP speaker will be sent to all the other clients.
Generally,only one route reflector isconfigured ina cluster.In thiscase,the Router IDof theroute reflector can be used to
identifythis cluster.Toincrease the redundancy, you can set multiple route reflectors in a cluster. In this case, you must
configure the cluster ID so that a route reflector can identify the route update messages from other route reflectors in the
cluster.
If multiple route reflectors are configured for a cluster, you must configure a cluster ID for the cluster.
Generally,it isunnecessarytocreateconnections betweenthe clientsofaroutereflector inaclusterbecausethe routereflector
willreflectthe routes betweenthe clients.However, if fullmeshhas been establishedamong all clients,you cancancel theclient
route reflection function of the route reflector.

Related Configuration



Configuring a BGP Route Reflector and Reflected Clients

By default, BGP is not configured with route reflection.
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Youcanruntheneighbor{peer-address}route-reflector-clientcommandtoconfigureadeviceasaroutereflectoranditsneighbor
devices as reflected clients.



Configuring BGP Client-Client Reflection

Bydefault,BGPclient-clientroutereflectionisenabled,whichmeansthatroutesreceivedfromareflectedclientcanbe advertisedto
other clients.
Youcan run the bgp client-to-client reflection command to enable or disable (using the no form of this command) client-client
reflection.



Configuring a BGP Reflection Cluster ID

Bydefault,aBGPreflectionclusterIDistheRouter-IDofBGP.IfmultiplereflectionclustersaredeployedwithinanAS,different
reflection cluster IDs must be configured for these reflection clusters.
You can run the bgp cluster-id cluster-id command to manually configure the cluster ID of a route reflector.
7.3.3 Configuring a BGP Alliance

An alliance is another method for reducing the IBGP peer connections within an AS.
Working Principle
DivideanASintomultiplesubASsandconfigureaunifiedallianceID(namely,theallianceASNUMBER)forthesesubASstoforman
alliance.Outsidethealliance,theentireallianceisstillconsideredas anASandonly theASnumberoftheallianceisvisible.Insidethe
alliance, full mesh of IBGP peers can be established for BGP speakers within a sub AS, and EBGP connections can be established for
BGP speakersin different subASs.Though EBGP connections are established betweenBGP speakerswithin asub AS, when
information is exchanged, NEXT_HOP, MED, LOCAL_PREF and other path attributes keep unchanged.
Related Configuration



Configuring a BGP Alliance ID

By default, no alliance ID is configured for a BGP speaker.
Youcan run the bgp confederation identifier as-number command to configure a BGP alliance ID. After the configuration is
successful, the local AS (specified by the router bgp as-number [ instance instance-name ]command) of BGP becomes the private AS
inside the alliance and is invisible to other ASs.



Configuring a BGP Alliance Neighbor

By default, no alliance neighbor is configured for BGP.
You can run the bgp confederation peers as-number [… as-number ] command to configure a BGP alliance neighbor. After the
configuration succeeds, the AS specified by this command and the local AS belong to the same alliance.
7.3.4 Re-distributing Local AS Network Information to BGP

BGP cannot automatically discover or learn accessible networks. The accessible network information of a local AS must be
re-distributed to BGP.Then, BGP can advertise the information to neighbors.
Working Principle
Two methods can be used to re-distribute local AS network information to BGP:
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Manual static configuration: re-distribute the accessible network information within a specified range to BGP.



Configuring route re-distribution: re-distribute accessible IGP network information to BGP.
In addition, you can also re-distribute local AS network information to BGP routes by configuring route aggregation.

Related Configuration



Configuring a BGP Network

By default, no network is configured for BGP.
Youcan runthe networknetwork-number [ mask mask] [route-map map-tag] [ backdoor ] command toconfigure aBGP networkto
re-distributespecifiedaccessiblenetworkinformationtoBGP.The prerequisitefor successfullyre-distributingroutinginformationto
BGP is that a route is available in the core routing table and this route can be an IGP,directly-connected or static route.



Configuring BGP Route Re-distribution

By default, BGP is not configured with route re-distribution.
Run the redistribute protocol-type command to import routes of other protocols to BGP,including OSPF, RIP,ISIS, static, and direct
routes, host routes converted by ARP, routes converted by ND and aggregation route.



Importing Routes with Multiple Paths or Next Hops to BGP

By default, routes imported to BGP have only one next hop.
Run the bgp sourced-paths protocol-type all command to import routes with multiple next hops of other protocols to BGP.
7.3.5 Controlling Route Exchange Between BGP Peers

BGP provides powerful route management functions. You can actively control the route exchange between BGP peers.
Working Principle
Configure the route exchange policy for a BGP peer and control routes to be received by and to be advertised to this peer.
Related Configuration



Configuring the Default Route to Be Advertised to a Peer

By default, BGP does not advertise the default route.
Youcanruntheneighbor{address|peer-group-name}default-originate[route-mapmap-tag]commandtoadvertisethedefault
route to a peer (or a peer group).



Configuring Next-Hop-Self for a Peer

By default, BGP does not change the next hop of a route when it advertises the route to an IBGP neighbor and sets the next hop to the
local BGP speaker when it advertises the route to an EBGP neighbor.
Youcanruntheneighbor{address|peer-group-name }next-hop-selfcommandtoconfigurethenext hopof aroutetothelocalBGP
speaker when distributing the route to a specified BGP peer (group).



Configuring Remove-Private-AS for a Peer

By default, BGP does not delete the private AS in the AS-PATH attribute when it advertises routing information to a peer.
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You can run the neighbor { address | peer-group-name } remove-private-as command to require that the private AS number recorded
in the AS path attribute should be deleted when routing information is distributed to an EBGP peer (group). This command does not
apply to an IBGP neighbor.



Configuring Send-Community for a Peer

By default, BGP does not send the community attribute when it advertises routing information to a peer.
Youcanruntheneighbor{address|peer-group-name}send-communitycommandtospecifythatthecommunityattributecanbe
sent to a specified BGP peer (group).



Configuring Maximum-Prefix for a Peer

By default, BGP does not restrict the records of routing information that can be received by a peer.
Youcanrunthe neighbor {neighbor-address |peer-group-name }maximum-prefixmaximum [ threshold]{ [restart-timetime ] |
[ warning-only [ suppress ] ] } command to specify the records of routing information received from a specified peer (group).



Configuring Route Filtering for a BGP Neighbor

By default, a BGP neighbor is not enabled withany filtering policy and receives all legal routing information advertisedby a neighbor.
BGP supports multiple methods of configuring the route filtering policies for a neighbor, including:



neighbor { peer-address | peer-group-name } distribute-list { access-list-number | access-list-name } { in | out }
Use an ACL to filter routes in the input and output directions of the neighbor.



neighbor { peer-address | peer-group-name } filter-list access-list-number { in | out }
Use an AS-PATHlist to filter routes in the input and output directions of the neighbor.



neighbor { peer-address | peer-group-name } prefix-list prefix-list-name { in | out }
Use a prefix-list to filter routes in the input and output directions of the neighbor.



neighbor { peer-address | peer-group-name } route-map map-tag { in | out }
Use a route map to filter routes in the input and output directions of the neighbor.



neighbor { peer-address | peer-group-name } unsuppress-map map-tag
Allowforadvertisingcertainroutinginformationpreviouslysuppressedbytheaggregate-addresscommandwhen
distributing routing information to a specified peer.



bgp advertise-map map-tag
Use command bgp advertise-map map-tag to advertise route policy to all neighbors

7.3.6 Obtaining Accessible Networks of Other ASs from BGP

Send routing information of other ASs exchanged by BGP to the routing table of a device so that the device can forward packets to
other ASs.
Send routing information of other ASs exchanged by BGP to the routing table of a device so that the device can forward packets to
other ASs.
Working Principle



BGP Sends Routing Information to a Core Routing Table
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BGP controls routing information sent to the core routing table by using table-map. table-map can modify the attributes of routing
information sent to the core routing table. If the route is matched, BGP modifies the attribute of the routing information and sends the
route. If the route is not matched or route matching is denied, BGP does not modify the attribute of the routing information but sends
the route.
Changes of table-map are not reflected in the core routing table immediately, but reflected a moment later. To update the
applicationof table-map immediately, you canrun theclear ipbgp[ instance as-number ] [ vrf vrf-name ] table-map command to
update the routing information in the core routing table immediately. This command does not clear the existing routes in the core
routing table, but directly applies table-map to send the updated routing information, thereby not causing forwarding flapping.



Re-distributing BGP Routes to IGP

Re-distribute BGP routes on a BGP speaker to IGP to ensure that routers within an AS can obtain routes to other ASs.
Related Configuration



Configuring table-map

By default, BGP is not configured with a table-map and allows for sending all routes without modifying the attributes of the routes.
Youcan run the table-map route-map-name command to set a table-map and control the routing information to be sent to the core
routing table. route-map-name specifies a route-map to be associated.
Run the table-map command in the BGP configuration mode or in the IPv4 address family mode.
The Match and Set statements supported in the table-map are as follows:
Match statements: as-path, community, ip address, ip next-hop, metric, origin and route-type
Set statements: metric, tag and next-hop
You can run the no table-map command to delete the table-map configurations.



Configuring BGP Route Re-distribution by IGP

By default, IGP does not re-distribute BGP routes.
Youcanruntheredistributebgp [route-mapmap-tag][ metricmetric-value]commandtore-distributeBGProutestoIGP
(RIP\OSPF\ISIS).
Thebgpredistribute-internalcommandcontrolsonlywhethertore-distributerouteslearnedfromIBGPtoIGP.Bydefault,routes
learned from IBGP can be re-distributed to IGP.
Youcanrunthebgpredistribute-internalcommandintheBGPconfigurationmode,IPv4/IPv6addressfamilymodeorthe
IPv4 VRF address family mode.
You can run the no bgp redistribute-internal command to delete the configuration.
7.3.7 Configuring Synchronization Between BGP and IGP

Generally, BGP speakers working as mutual IBGP neighbors are not directly connected. IGP devices between the BGP speakers may fail
tolearnroutinginformationsameasthatlearned by theBGPspeakers.WhenaBGPspeaker at theborderofan ASforwardspackets
receivedfromother domains to the next-hop IBGP neighbor, the packets pass an IGPdevice in the middle. In thiscase, the packets
may be lost due to no routing information on the IGP device.
Working Principle
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Tokeep synchronizationbetween BGPandIGP,you must ensurethat all routerswithinan AScanlearnroutinginformationtobesent
to another AS before the routing information is advertised to this AS.
Synchronization between BGP and IGP is not required only in the following cases:



Routing information passing through an AS is not available. For example, the AS is an end AS.



All routers within an AS run BPG. Full mesh is established among all BGP speakers (neighborship is established between each
two BGP speakers).

Related Configuration



Configuring BGP Route Synchronization

By default, synchronization between BGP and IBGP routes is disabled.
You can run the synchronization command to enable synchronization between BGP and IGP.

You can run the no synchronization command to disable synchronization between BGP and IGP.
7.3.8 Configuring BGP Soft Reset

Ifroutingpolicies(includingneighbordistribute-list,neighborroute-map,neighborprefix-listandneighborfilter-list)change,
an effective method must be provided to implement new routing policies. A traditional method is to terminate a BGP connection and
thencreateanew BGPconnection. By configuring BGPSoft Reset,you canexecutea new routingpolicywithout terminatinga BGP
session connection.
Working Principle
Routing policies that affect inbound routing information are called inbound routing policies (such as In-route-map and
In-dist-list) and routing policies that affect outbound routing information are called outbound routing policies (such as
Out-route-map and Out-dist-list).
When outbound routing policies change, BGP soft reset will re-advertise all routing information of a BGP speaker to its neighbors.
If inbound routing policies change, the operation ismore complex than that when outbound routing policieschange. This is because
outbound routing policiesare executed in the routing table of the local BGP speaker whereas inbound routing policies are executed
for routing information received from the BGP peer. Toreduce cost, the local BGP speaker does not store the original routing
information received from the BGP peer.
If inbound routing policies change and a neighbor device supports route update, you can configure soft reset to send a route update
request to the neighbor device. After receiving the request, the neighbor device re-advertises all routing information. Youcan also
performconfigurationtoensurethat eachBGPpeerstoresoriginalroutinginformationonthelocalBGPspeakerandprovidesoriginal
routing information basis for modifying inbound routing policies subsequently.
The "route update capability" allows for modifying and executing routing policies without storing original routing information.
Thisproductsupportstherouteupdatecapability.Youcanruntheshowipbgp[instance as-number ]neighborscommand to
check whether a BGP peer supports route update. If yes, you do not need to run the neighbor soft-reconfiguration inbound
command when inbound routing policies change.
Related Configuration



Configuring BGP Soft Reset
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Run the clear ip bgp [ instance as-number ] { * | neighbor-address | peer-group peer-group-name | external } soft out command to
soft reset a BGP connection. Youcan activate execution of a routing policy without restarting the BGP session.



Saving Original Routing Information of Neighbors

By default, BGP does not save original routing information of neighbors.
Run the neighbor { peer-address | peer-group-name } soft-reconfiguration inbound command to save unmodified routing
information sent by a BGP peer (group).
7.3.9 Configuring the Route Attributes of BGP

BGP provides various control policies for route attributes. You can apply the policies based on actual conditions.
Working Principle



AS_PATH Attribute

BGP can control distribution of routing information in three modes:



IP address. You can run the neighbor distribute-list and neighbor prefix-list commands for implementation.



AS_PATH attribute. See the description in this section.



COMMUNITY attribute. See the related configuration of the COMMUNITY attribute.

YoucanuseanASpath-basedaccesscontrollist(ACL)tocontrolthedistributionofroutinginformation.Where,theASpath-based
ACL uses a regular expression to parse the AS path.
Based on the standard (RFC1771), BGP does not consider the AS path length when selecting the optimum path. Generally, a shorter
AS path length means a higher path priority; therefore, FS considers the AS path length when selecting the optimum path. Youcan
determine whether to consider the AS path length when selecting the optimum path based on the actual conditions.
Withinan AS, whethertoconsidertheASpathshouldbe consistentforallBGPspeakerswhen theoptimumpathisselected;
otherwise, the optimum paths selected by the BGP speakers may be different.



MULTI_EXIT_DISC Attribute

BGP uses the MED value as the basis for comparing priorities of paths learned from EBGP peers. A smaller MED value means a higher
path priority.



By default, the MED value is compared only for paths of peers from the same AS when the optimum path is selected.



By default, the MED value is not compared for paths of peers from other sub ASs within an AS alliance.



By default, if a path not configured with the MED attribute is received, it is considered that the MED value of this path is 0. Since
a smaller MED value means a higher path priority, this path has the highest priority.



Bydefault,the MEDvalue isnot comparedwithpaths fromdifferentASs;instead, thesequenceof receivingthepathsis
compared.



LOCAL_PREF Attribute

WhensendingroutesreceivedfromEBGPpeerstoIBGPpeers,aBGPspeakeraddstheLOCAL_PREFattribute.BGPusesthe
LOCAL_PREF attribute as the basis for comparing priorities of paths learned from IBGP peers. A larger value of LOCAL_PREF means a
higher path priority.
You can also run the set local-preference command of a route map to modify the LOCAL_PREF attribute of the specified path.
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COMMUNITY Attribute

The COMMUNITY attribute is another mode for controlling distribution of routing information.
Acommunityisasetofdestination addresses.TheCOMMUNITY attributeisintended tofacilitateexecutionof aroutingpolicybased
ona community and thereby simplify theconfiguration of routing information distribution control on BGP speakers. Each destination
address may belong to multiple communities. An AS administrator can define the communities to which a destination address
belongs.
By default, all destination addresses belong to the Internet community and are carried in the community attribute of the path.
At present, four common community attribute values are pre-defined:



Internet: Indicates the Internet community. All paths belong to this community.



no-export: Indicates that the path is not advertised to EBGP peers.



no-advertise: Indicates that the path is not advertised to any BGP peer.



local-as:Indicatesthatapathisnot advertisedtoother ASs.Whenan ASallianceisconfigured,thepath isnot advertisedto
other ASs or sub ASs.

By using the community attribute, you can control the receiving, prioritization and distribution of routing information. BGP speakers
can set, add or modify the community attribute when learning, advertising or re-distributing routes. An aggregation path will contain
the community attribute values of all aggregated paths.
BGP supports up to 32 COMMUNITY attributes for each route and allows for up to 32 COMMUNITY attributes when match and
set COMMUNITY of a route map are configured.



Others

During selection of the optimum path, if two paths with the same path attributes are received from different EBGP peers, the
optimumpathisselectedbased onthereceivingsequencebydefault.Youcandisablecomparisonofthereceivingsequencebutuse
the path with a smaller router ID as the optimum path.
Related Configuration



Configuring AS_PATH Attribute



ip as-path access-list path-list-name { permit | deny } as-regular-expression
Defines an AS path list.



neighbor { peer-address | peer-group-name } filter-list path-list-name { in | out }
By default, no filtering policy is configured for BGP peers.
Theconfigurationisthesame asthatforroutinginformationreceivingand sendingforaspecifiedBGPpeer (group).Routing
policies are executed based on the AS path list to advertise or receive only routes that match the policies.



neighbor { peer-address | peer-group-name } route-map map-tag { in | out }
By default, no filtering policy is configured for BGP peers.
Theconfigurationisthesameaswhenreceivingand sendingroutinginformationforaspecifiedBGPpeer(group).Routing
policies are executed based on a route map or the set rules in the route map are used to modify routing attributes.
In the route-map configuration mode, you can run the match as-path command to modify AS path attributes by using an AS
path list or directly run the set as-path command to modify AS attribute values.
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bgp bestpath as-path ignore
Allows BGP not toconsider the AS path length when selecting the optimum path. The AS path length is compared by default.
By default, a smaller AS path length means a higher path priority.



Configuring MULTI_EXIT_DISC Attribute



bgp always-compare-med
Allows for comparing the MED values of paths from different ASs, which is disabled by default.



bgp bestpath med confed
Allows for comparing the MED values of paths of peers from other sub ASs in the same AS alliance, which is disabled by default.



bgp bestpath med missing-as-worst
Sets a path not configured with the MED attribute to the lowest priority, which is disabled by default.



bgp deterministic-med
Allows for comparing the paths of peers within the same AS, which is disabled by default.



Configuring LOCAL_PREF Attribute



bgp default local-preference value
Changes the default local preference value, ranging from 0 to 4,294,967,295. A larger value means a higher priority. The default
value is 100.



Configuring COMMUNITYAttribute



ip community-list standard community-list-name { permit | deny } community-number
Creates a community list. community-list-name indicates the name of the community list.
community-number: Indicates a value (0 to 4,294,967,295) specified by a user or a known community attribute (internet, local-AS,
no-advertise or no-export).



neighbor { peer-address | peer-group-name } send-community
Allows for sending the community attribute to a specified BGP peer (group), which is not configured by default.



neighbor { peer-address | peer-group-name } route-map map-tag { in | out }
Theconfigurationisthesame asthatforroutinginformationreceivingand sendingforaspecifiedBGPpeer (group).Routing
policies are executed based on a route map. No filtering policy is configured for peers by default.
In the route-map configuration mode, you can run the match community-list [exact] and set community-list delete
commands to modify the community attribute by using a community list or directly run the set community command to
modify the community value.



Others



bgp bestpath compare-routerid
Allows BGP to compare the router ID when selecting the optimum path, which is disabled by default.
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7.3.10 Configuring BGP Route Aggregation

BGP-4 supports CIDR and therefore allows for creating aggregation entries to reduce the size of a BGP routing table. BGP aggregation
entries can be added to a BGP routing table only when valid paths are available within the aggregation range.
Working Principle
Aggregate one or more detailed BGP routes into a BGP route with a shorter network mask.
Bydefault, BGPadvertisesall path informationbefore and afteraggregation. Ifyou hope that only aggregated path information
is advertised, you can run the aggregate-address summary-only command.
When the aggregate-address command is used to configure an aggregated route, the aggregated route takes effect
immediately as long as there are routes in the configured address range.
Related Configuration



Configuring BGP Route Aggregation

Run the aggregate-address address mask command to configure BGP route aggregation.
Run the aggregate-address address mask as-set command to configure aggregation address and reserves AS paths in the
aggregation address. By default, BGP does not reserve AS paths.
Run the aggregate-address address mask summary-only command to configure and only advertise aggregation address. By default,
all paths in the aggregation address will be advertised.
Run the aggregate-address address mask as-set summary-only command to configure aggregation address and reserves AS paths
in the aggregation address. Only aggregation address will be advertised.
7.3.11 Configuring BGP Route Dampening

If a route changes between being valid and invalid, route flapping occurs.
Route flapping often causes transmission of unstable routes in a network, and thereby causes network instability. BGP route
dampening is a method for reducing route flapping. It reduces possible route flapping by monitoring routing information from EBGP
peers.
Working Principle
Terms used in BGP route dampening are as follows:



Route Flap: A route changes between being valid and invalid.



Penalty:Oncerouteflappingoccurs,a BGPspeakerenabledwithroutedampeningaddsavalue tothepenaltyforthisroute.
The penalty is accumulated until the Suppress Limit is reached.



Suppress Limit: When the penalty of a route is greater than this value, the route will be suppressed.



Half-life-time: The time used for the penalty to be halved.



Reuse Limit: When the penalty value of a route is smaller than this value, route suppression will be canceled.



Max-suppress-time: The longest time that a route can be suppressed.

Abriefdescriptionofroutedampeningprocessing:BGPspeakerpunishesarouteonce(addstothepenalty) routeflappingoccurs.
WhenthepenaltyreachestheSuppressLimit,theroutewillbesuppressed. WhentheHalf-life-timereaches,thepenaltyishalved.
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WhenthepenaltyisreducedtotheReuseLimit,therouteisactivatedagain.TheMax-suppress-timeindicatesthelongesttimethat
the route can be suppressed.
Related Configuration



Configuring BGP Route Dampening

By default, BGP route dampening is not enabled.
Run the bgp dampening half-life-time reuse suppress max-suppress-time command to configure parameters of BGP route dampening.
half-life-time (1~45minutes): The default value is 15 minutes. A larger value means a longer flapping suppression and dampening period.
reuse(1~20000):Thedefaultvalueis750.Asmallervaluemeanslongertimeforcontinuousstabilizationbeforeaflappingrouteis
enabled again.
suppress (1~20000): The default value is 2,000. A smaller value means more flapping times allowed before suppression.
max-supress-time (1~255minutes): The default value is 4*half-life-time. A larger value means longer maximum suppression time.



Displaying BGP Route Dampening



show ip bgp [ instance as-number ] dampening flap-statistics
Displays the flapping statistics about all routes.



show ip bgp [ instance as-number ] dampening dampened-paths
Displays the statistics about suppressed routes.



Resetting BGP Route Dampening



clear ip bgp [ instance as-number ] flap-statistics
Clears the flapping statistics about all routes that are not suppressed.



clear ip bgp [ instance as-number ] flap-statistics address mask
Clears the flapping statistics about specified routes (excluding suppressed routes).



clear ip bgp [ instance as-number ] dampening [ address [ mask ] ]
Clears the flapping statistics about all routes, including routes whose suppression is cancelled.

7.3.12 Configuring the Management Distance of BGP

The management distance is used to evaluate the reliability of various route sources. A smaller management distance means a better
route.
Working Principle



Management Distance of BGP

The management distance indicates the reliability of a route source, ranging from 1 to 255. A larger value means lower reliability. BGP
sets different management distances for routing information learned from different sources, including External-distance,
Internal-distance and Local-distance.
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External-distance: Indicates the management distance of routes learned from EBGP peers.



Internal-distance: Indicates the management distance of routes learned from IBGP peers.



Local-distance:Indicatesthemanagementdistanceforrouteslearnedfrompeersbut itisconsideredthatbetterroutescanbe
learned from IGP. Generally, these routes can be indicated by the Network Backdoor command.
YouarenotadvisedtochangethemanagementdistanceofBGP.IfyoureallyneedtochangethemanagementdistanceofBGP,
please remember:
Theexternal-distanceshouldbeshorterthanthemanagementdistancesofotherIGProutingprotocols(OSPFandRIP).
The internal-distance and local-distance should be longer than the management distances of other IGP routing protocols.



Backdoor Route

If you prefer an IGP route but do not use an EBGP route, you can set the EBGP route as the backdoor route. By default, the
management distance forroutes learned fromaBGP speaker for which anEBGP connection isestablishedis 20.Youcanrun the
network backdoor command to set the management distance of the network information to 200 so that the same network
informationlearnedfromIGPhasthehighestpriority.ThenetworkslearnedfromIGPareconsideredbackdoornetworksandarenot
advertised.
Related Configuration



Configuring the Management Distance of BGP

You can run the distance bgp external-distance internal-distance local-distance command to configure the management distance of
BGP. The value ranges from 1 to 255.
The default value of external-distance is 20; the default value of internal-distance is 200; the default value of local-distance is 200.
A longer management distance means a lower route priority.



Configuring a Backdoor Route

Runthenetworknetwork-number masknetwork-maskbackdoorcommandtoconfigureabackdoorroute.Bydefault,nobackdoor
route is configured.
7.3.13 Configuring Multi-path Load Balancing of BGP

Multi-path load balancing means that thereare multiple paths tothe same network and data packets are evenly forwarded by these
paths. In a routing table, one route has multiple next hops.
According to the types of equivalent routes, multi-path load balancing of BGP is classified into the following types:



EBGP load balancing: implement load balancing for routes learned from EBGP neighbors.



IBGP load balancing: implement load balancing for routes learned from IBGP neighbors.
Both the IPv4 and IPv6 protocol stacks support multi-path load balancing.
Load balancing cannot be implemented between IBGP and EBGP routes (including EBGP routes in an alliance).

Working Principle
If a BGP routing table has multiple paths tothe same network, BGP calculates the route with the highest priority by default. If there are
optimum multiple routes with the same priorities, BGP still selects a unique route by using comparison rules, notifies the route to the
forwarding plane and controls the forwarding of data streams. After multi-path load balancing is enabled, BGP calculates a unique
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optimumroute and alsolists paths with thesame priorities as equivalent routes.Then, BGP notifies theoptimum routeand the
equivalent routes to the forwarding plane to implement load balancing.
Equivalentrouteshavethesamebasicattributesand priorities.Thatis,accordingtotheoptimumpathselectionrulesofBGP,the
paths have the same priorities before router-IDs are compared.



AS_PATH Loose Comparison

By default, equivalent routes must have the same AS-PATHattributes. Under such strict conditions, load balancing cannot be
implemented in certain environments. In this case, you are advertised to enable the AS-PATH loose comparison mode. In the AS-PATH
loose comparison mode, when other conditions for equivalent routes are met, as long as the AS-PATHlengths of routes and the
AS-PATH lengths of routes from an alliance are the same respectively, it is considered that the conditions for equivalent routes are met.
Whenthenext hops of multiple BGP equivalentpaths recur tothe sameIGP output interface, load balancing cannot be
implemented.
Related Configuration



Configuring Multi-path Load Balancing of BGP



maximum-paths { ebgp | ibgp } number
Enables the multi-path load balancing function of BGP.
numberindicatesthenumber ofequivalentnext hops,ranging from1todevicecapacity.Thedefaultvalue is1.Alargervalue
means more equivalent next hops allowed.



Configuring AS_PATH Loose Comparison



bgp bestpath as-path multipath-relax
Enables the BGP AS-PATH loose comparison mode.

7.3.14 Configuring BGPFRR

Withhigh-speeddevelopmentofIPtechnologiesandapplicationofvariouscomplexservices,therequirementsfornetworksecurity
and stability become increasingly higher. Especially, certain real-time services (audios and videos) are sensitive to network running
statusand maybelargelyaffectedbyunstablenetworks.Therefore, moreand morefocusand importanceareattachedtonetwork
reliability. With these requirements, the IP FRR function comes into being. It is intended to use a backup link to maintain data
forwardingduring route platformconvergenceaftera faultylinkis detected, inorder toachieve the ideal targets of "zero delay"and
"zero loss" in packet forwarding.
BGP FRR is shorted for Fast Reroute.
Working Principle
If a BGP routing table has multiple paths to the same network, BGP calculates the route with the highest priority by default. After the
BGPFRRfunctionisused,BGPselectsabackuprouteforeachoptimumroute.AfterBFDFRRdetectsthatthemasterlinkisfaulty,it
switches the data to the originally calculated backup link for forwarding. After route convergence iscompleted, data is switched to
theoptimum route re-calculated for forwarding. In thisway, BGP FRR can avoid routedisconnection due to a link fault before BGP
route convergence is completed.
Only supported in IPv4 Unicast/VRF configuration mode.
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Only one backup route can be generated and the next hop of the backup route cannot be the same as that of the preferred
route.
A backup next hop cannot be generated for an Equal-Cost Multi-Path Routing (ECMP) route.
In IPv4 VRF configuration mode, BGP FRR has a lower priority thanVPN FRR. That is, ifVPN FRR is enabled in the VRF mode, BGP
FRR takes effect only when VPN FRR fails to calculate a backup route.
Related Configuration



Configuring BGP FRR

Run the bgp fast-reroute command to enable the BGP FRR function, which is disabled by default.



Configuring a BFD Session to a BGP Neighbor

Run the neighbor { peer-address } fall-over bfd command to configure a BFD session to a BGP neighbor, which is not configured by
default.



Manually Configuring a BGP BFD Session

If the BFD session to a BGP neighbor cannot be used to fast detect the failureof the master link, you can run the bfdbind bgp peer-ip
ip-addressinterfaceinterface-typeinterface-indexsource-ipip-addresscommandtoconfigureaBGPBFDsession,whichisnot
configured by default.
7.3.15 Configuring Fast Withdrawal of Specified BGP Routes

With the rapid development of IP technologies and the application of various complex services, increasingly higher requirements are
imposed on the network. Customers may need to implement fast convergence on specific routes. Fast route withdrawal can meet
customers' requirements for preferentially withdrawal of specific routes.
Working Principle
By default, routes are withdrawn based on preferential calculation according to the sequence in the routing table. Fast route
withdrawal adds the routes meeting conditions to a high-priority queue to implement preferential processing of specified routes, so
that the specified routes can be withdrawn quickly.
The L2VPN address family supports the route map mode only.
Only one of the access list and prefix list takes effect.
Related Configuration



Activating the Address Family Capability

Bydefault,onlytheIPv4unicastaddressfamilycapabilityisactivatedfortheneighborscreatedinBGPconfigurationmode.
Run the address-family command to enter the corresponding address family mode.



Configuring Fast Withdrawal of Specified BGP Routes

Run the bgp fast-withdraw { access-list { access-list-number | access-list-name } | prefix-list prefix-list-name | route-map map-tag}
command to enable fast withdrawal of specified BGP routes in the address family. This function is disabled by default.
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7.3.16 Configuring BGP Multi-path Bypass Protection

The original BGP FRR supports only 1:1 protection. After the ECMP function is enabled, the FRR becomes unavailable. The multi-path
bypass protection enables BGP to support 1:N protection. Users can configure BGP multi-path bypass protection to enable the system
toselectabackupbypasspathevenifECMPisconfigured.WhenallECMProutesfail,thebypassroutebecomestheprimaryroutefor
forwarding.
Working Principle
By default, when there are multiplepaths reachable to the same network in the BGP routing table, BGP calculates one route with the
highest priority. After the BGP multi-path bypass protection function is enabled, BGP preferentially selects a backup route when ECMP
routes exist. When BFD detects a fault occurring on the master path, the system switches to the selected backup path for data
forwarding. After route convergence is completed, the systemswitches tothe optimum path that is re-calculatedbased on routes to
forward data.
Only supported in IPv4 Unicast/VRF configuration mode.
Only one bypass route is generated and the next hop of the bypass route cannot be the same as next hops of ECMP routes.
The BGP FRRfunctionconflictswiththe BGPmulti-pathbypass protectionfunction. Ifeither of themisconfiguredwhen the
other function is already available, a conflict prompt will be displayed.
Related Configuration



Configuring BGP Multi-path Bypass Protection

Run the bgp install standby-path command to enable BGP multi-path bypass protection, which is disabled by default.



Configuring a BFD Session to a BGP Neighbor

Run the neighbor peer-address} fall-over bfd command to configure a BFD session to a BGP neighbor, which is not configured by
default.
7.3.17 Allowing the BGP Route Reflector to Modify Route Attributes

AccordingtoRFC4456, theBGP routereflector cannot modifyrouteattributeswhen reflectingroutes(thepurposeistoprevent route
loops). However, relevant route attributes need to be modified when network traffic paths need to be re-planned. This command is
configured to allow the route reflector to modify route attributes (including Route-map or nexthop-self).
Working Principle
The route reflector is not allowed to modify route attributes by default. After this command is configured, the route reflector is
allowed to modify route attributes.
Related Configuration



Configuring a BGP Route Reflector and Reflection Client

No BGP route reflector is configured by default.
Run the neighbor peer-address route-reflector-client command to configure the local device as the route reflector and the neighbor
as the route reflection client.



Configuring BGP Client-Client Reflection

www.fs.com

1098

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Bydefault,client-client routereflectionisautomaticallyenabledontheBGProutereflector,and routesreceivedfromthereflection
client are allowed to be advertised to other clients.
Run thebgp client-to-client reflection command toenable client-client reflection. Run the no formof this command to disable
client-client reflection.



Configuring a BGP Reflection Cluster Identifier

By default, the BGP reflection cluster identifier directly uses the BGP Route-ID. When multiple reflection clusters are deployed in one
AS domain, different reflection cluster identifiers need to be configured for them.
Run the bgp cluster-id cluster-id command to manually configure a cluster identifier for the route reflector.



Allowing the BGP Route Reflector to Modify Route Attributes

By default, BGP does not allow the route reflector to modify route attributes.
Run the bgp route-reflector attribute-change command to allow the route reflector to modify route attributes.
7.3.18 Configuring the BGP Device to Advertise Routes with the Lowest Priority upon Restart

By default, after the device is restarted and a neighborship is established, a BGP peer can advertise routes to its neighbors. However, in
some cases, for example, there are a large number of neighbors or routes when the device is started but is slow in writing entries to
hardware. The neighbors have learnt routes and start forwarding traffic, but the local device has not completed entry writing to the
hardware,resultinginatrafficforwardingfailure.Therefore,BGPneedstoadvertiserouteswiththelowestpriorityafterdevicerestart.
In this way, other available routes instead of routes that pass through the local device are preferentially selected.
Working Principle
ConfiguretheBGP devicetoadvertiseroutes withthelowestpriorityuponrestart.Inthisway, afterthe BGPdeviceisrestartedand
neighborships areestablished, theBGP deviceadvertisesroutes withthelowestprioritytoitsneighbors.Adjustthe MEDvalue of
routesto 4,294,967,295 for EBGP neighbors and adjust the value of local-pref to 0 for IBGPneighbors. Afterall ARP entries are
deliveredandallforwardingentriesarewrittenintohardware,runtheclearbgp[instanceas-number]advertiselowest-priority
on-startup command to restore the priority of advertised routes. If a user does not configure to restore the priority of advertised
routes, the device automatically restores the priority of advertised routes after a period of time.
Related Configuration



Configuring the BGP Device to Advertise Routes with the Lowest Priority upon Restart



bgp advertise lowest-priority on-startup [ recover-time ]
Configure BGP to adjust the priority of advertised routes to the lowest upon device restart. The priority is not adjusted by
default.recover-timeindicatesthetime(inseconds)ofthetimerforrestoringthepriorityofadvertisedroutes.Thevalue range
is from 1 to 65,535 and the default value is 600.

7.3.19 Configuring BGPTimers

Youcanmanuallyconfigurevarious timerswithinBGPtomeet theneighbor keepaliveand routemanagement requirementsin
different network environments.
Working Principle



BGP Neighbor Keepalive Timer
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BGP uses the Keepalive timer to maintain a valid connection with a peer and uses the Holdtime timer to identify whether a peer is
valid. By default, the value of the Keepalive timer is 60 seconds and the value of the Holdtime timer is 180 seconds.When a BGP
connection is established between two BGP speakers, the two BGP speakers negotiate about the Holdtime timer value and select a
smaller value. 1/3 of the negotiated Holdtime timer value and the configured Keepalive timer value are compared and the smaller
value is used as the Keepalive timer value.



Neighbor Reconnection Timer

Toreduce the impactsof frequent BGP reconnectionto a neighbor on the network bandwidth, after a BGP speaker detects failureof a
neighbor connection, theBGPspeaker attempts toreconnect theneighbor aftertheconnect-retry timerexpires.By default,thevalue
of the connect-retry timer is 15s.



Route Advertisement Timer

Toreducetheimpactsof routeupdate packetson thenetworkbandwidth, aftera BGPspeaker detectsanetworktopology change,
theBGPspeakerdoesnotadvertisetherouteupdatetoitsneighborsimmediately.Instead,theBGPspeakerusesaregularupdate
mechanism to advertise all changed routing information to its neighbors.
Related Configuration



Configuring the BGP Neighbor Keepalive Timer



timers bgp keepalive holdtime
Adjusts the BGP keepalive and holdtime values for all peers.
The keepalive value ranges from 0 to 65,535. The default value is 60 seconds.
The holdtime value ranges from 0 to 65,535. The default value is 180 seconds.



neighbor { neighbor-address | peer-group-name } timers keepalive holdtime
Configures the keepalive and holdtime values used for connecting to a specified BGP peer (group).
The keepalive value ranges from 0 to 65,535. The default value is 60 seconds.
The holdtime value ranges from 0 to 65,535. The default value is 180 seconds.



Configuring the Neighbor Re-connection Timer



neighbor { address | peer-group-name } timers connect connect-retry
Configures the connect-retry value used for reconnecting to a specified BGP peer (group).
The value of connect-retry ranges from 1 to 65,535. The default value is 15 seconds.



Configuring the Route Advertisement Timer



neighbor { address | peer-group-name } advertisemet-interval seconds
ConfigurestheminimumintervalforsendingrouteupdatestoaspecifiedBGPpeer(group).Thevalueofadvertisemet-interval
ranges from 0 to 600 seconds. The default value for IBGP peers is 0 seconds and the default value for EBGP peers is 30 seconds.



neighbor { address | peer-group-name } as-origination-interval seconds
Configurestheminimuminterval forsending localinitialrouteupdates toaspecifiedBGP peer (group).The value of
As-origination-interval ranges from 1 to 65,535. The default value is 1 second.
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7.3.20 Configuring BGP Route Update Mechanisms

Working Principle
BGPprovides tworouteupdatemechanisms: regular-scanning update and event-triggering update. Regular-scanning update
indicatesthatBGP usesaninternaltimertostartscanning regularlyand updatethe routingtable.Event-triggeringupdateindicates
that BGP starts scanning and updates the routing table when the BGP configuration commands are changed due to user
configuration or the next hop of a BGP route changes.
This function is configured based on address families and can be configured in the IPv4, IPv6, VPNv4, VPNv6, IPv4 vrf and IPv6
VRF address family modes.
If you set the BGP route update mechanism toevent-triggeringupdate (by running the bgp scan-ribdisable command),you
mustdisablesynchronization(byrunningthenosynchronizationcommand)andenabletheBGPnext-hoptriggeringupdate
function (by running the bgp nexthop trigger enable command). On the other hand, if you enable synchronization or disable
the BGP next-hop triggering update function, the BGP routing table must be updated in the regular scanning mode.
Related Configuration



Configuring Route Update Mechanisms



bgp scan-ribdisable
Sets the BGP route update mechanism to event-triggering update. Regular-scanning update is used by default.



bgp scan-time scan-time
Configures the regular update interval of BGP.The value of scan-time ranges from 5 to 60 seconds. The default value is 60
seconds.

7.3.21 Configuring the Next-Hop Triggering Update Function of BGP

Thenext-hoptriggeringupdatefunctionof BGPisamethod forreducing theBGPconvergencetime.Thisfunctionisusedtooptimize
the method for monitoring the next hop of a route to ensure that BGP can increase the BGP route convergence speed when the
network topology is stable.
Working Principle
WhenBGP connectstoaneighbor, BGP automaticallymonitorsthe next hop of theBGP routelearnedfromthe neighbor.Whenthe
next hop changesinthe coreroutingtable, BGPreceivesan advertisement about thenext hop change and updates theBGProuting
table.This optimization measureimproves theBGP routeconvergence performanceby reducing thetimefor detecting next-hop
changes.
If this function is disabled, BGP next hop update will be discovered through regular scanning specified by scan-timer.
This function is configured based on address families and can be configured in the IPv4, IPv6, VPNv4 and IPv4 vrf address family
modes.
bgpnexthop trigger delay and bgp scan-timecontrol thesame timer.When bgp scan isenabled (itis enabled by default and
canbedisabledbythebgpscan-ribdisablecommand),ifthevalueofbgpnexthoptriggerdelayislargerthan60s,bgpscan
does not take effect because the scan timer is always triggered before the delay.
If the network environment is unstable (with frequent next-hop changes), especially with many routes, this function performs
unnecessary route calculations, which consumes more CPU resources. Therefore, you are advised to disable this function in this
environment.
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Related Configuration



Configuring the Next-Hop Triggering Update Function of BGP



bgp nexthop trigger enable
Enables the BGP next-hop triggering function, which is enabled by default.



bgp nexthop trigger delay delay-time
Configures the delay of BGP next-hop triggering update. The value of delay-time ranges from 0 to 100 seconds. The default value
is 5 seconds.

7.3.22 Configuring BGP LOCAL AS

The Local AS function of BGP is used to configure a local AS different froma router BGP AS for a specific peer.This is similar to
deploying a new virtual AS between the peer devices. When the local router BGP AS changes, you can establish a BGP connection
withoutchanging theBGP configurationsonthepeerdevice.This functionismainly usedforASmigrationand mergingof large
networks and ensures that the device configurations in other interconnected ASs are not affected.
Working Principle
InBGP,when alocaldeviceconnectstoapeer,thelocaldeviceadvertisesthelocalASnumbertothepeerbyusinganOpenmessage.
ThepeercheckswhethertheBGPASnumber advertisedisthesameasthelocalASnumber.IftheASnumbersaredifferent,thepeer
willdenytheBGPconnection.Bydefault,thelocalASintheBGPconnectionisarouteBGPAS.However,ifalocalASisconfiguredfor
thepeer, the configured local AS will replacetheroute BGP AS when aBGP connection isestablishedbetween the local deviceand
the peer.
The neighbor peer-address local-as as-num command for configuring the BGP Local AS function can be followed by more
options. For details, see the Command Reference.
The BGP Local AS function is applied only to EBGP peers, but is not applied to IBGP peers and alliance EBGP peers. In addition,
the BGP Local AS function has the following restrictions:
1) The configured local AS cannot be the same as the remote AS of a peer.
2) The local AS cannot be configured independently for a member of a peer group.
3) The configured local AS cannot be the same as the route BGP AS.
4) If a device is a member of an AS alliance, the local AS cannot be the same as the AS alliance number.
Related Configuration



Configuring BGP LOCAL AS



neighbor { address | peer-group-name } local-as as-number
Configures a local AS for a peer. By default, no local AS is configured for any peer. The local AS of a peer is the route BGP AS.

7.3.23 Configuring BGP Capacity Protection

There are often a large number of BGP routes, which may cause overload of a device, especially for a device with small memory.
Protecting BGP capacity helps avoid non-predictable running status caused by consumption of device capacity.
Working Principle



Restricting the Number of BGP Routes
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Restrictthe number of BGProutes by settingthe maximum number of routes ina BGP address familyand the maximum number of
routes that can be learned by a BGP neighbor.



Configuring the Number of BGP Neighbors to Send Warnings

Set the maximum number of BGP neighbors. When the neighbor number exceeds the limit, LOG prompt will be displayed.



Entering the OVERFLOW State in case of Insufficient Memory

If the memory is insufficient, BGP can enter the OVERFLOW state. In the OVERFLOW state, BGP generates a default route pointing to a
NULL interface. If a newly learned route is not a refined route other than the default route in the current routing table, the route is
discarded.Inotherwords,generalnewlylearnedroutesarediscardedtoensurethatthesystemmemoryisstable.Thepurposeofnot
discardingall routes istoavoidrouteloops intheentirenetwork.Therefore, itis safefor BGPtoenter theOVERFLOWstate.BGP is
allowed to enter the OVERFLOW state by default.
By default, BGP enters the OVERFLOW state in case of insufficient memory. If you do not want to BGP to enter the OVERFLOW
state, you can run the no overflow memory-lack command to disable this function.
In the OVERFLOW state, BGP supports only the clear bgp [ instance as-number ] { addressfamily | all } * command at present. You
can also exit from the OVERFLOW state by disabling and enabling BGP again. When the memory becomes sufficient again, BGP
can also automatically exit from the OVERFLOW state.
Related Configuration



Restricting the Number of BGP Routes



neighbor {neighbor-address|peer-group-name }maximum-prefixmaximum [threshold]{[restart-timetime ] |
[ warning-only [ suppress ] ] }
Restricts the maximum number of routes that can be learned from a BGP neighbor, which is not restricted by default.



maximum-prefix maximum
Restricts the maximum number of routes in a BGP address familym, which is not restricted by default..



Run the bgp maximum-prefix maximum [ vrf vrf-name ] command to restrict the maximum number of routes in the BGP
globalorspecifiedVRF.WhenarouteadvertisementinanaddressfamilycausesthecurrentnumberofBGProutestoexceedthe
maximum number, a prompt indicating route overflow in the global or specified VRF is displayed, and the BGP global or
specified VRF is set to the overflow state. This function is disabled by default.



Configuring the Number of BGP Neighbors
Run the bgp maximum-neighbor numbers warning-only command to send the LOG warning when neighbors exceed the
limit.



Configuring BGP Overflow



overflow memory-lack
Enable BGP to enter the OVERFLOW state in case of insufficient memory, which is enabled by default.
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7.3.24 Configuring BGPGR

GracefulRestart(GR)isintendedtoimplementuninterrupteddataforwardingduringrestartofBGP.Duringactive/standbyswitching
of the management boards, theGR function keeps the network topology stable, maintains the forwarding table and ensures that key
services arenot interrupted.
Working Principle
Comply with RFC4724: Graceful Restart Mechanism for BGP.[BGP GR] is used in the following description to indicate the RFC.
BGP GR is not an independent process, but is jointly completed by the Restarter and Helper.



The Restarter performs restart and maintains the working capability of the route forwarding plane when the route control plane
is faulty.



The Helper is the BGP neighbor of the Restarter and helps the Restarter to complete GR.

A capability indicating GR is added to the OPEN message of BGP, which is called "Graceful Restart Capability". This capability is used by
BGP to tell its neighbor it supports the graceful restart capability. During initialization of a BGP connection, two neighbors negotiate
about the GRcapability.
Therouteupdateendflag(End-of-RIB,shortedasEOR)isaddedtotheUpdatepacketofBGP,whichindicatesthattherouting
information update to the neighbor is completed.
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Figure 7- 3 BGP GR Interaction Process

5.

① When BGP establishes neighborship at the beginning, BGP uses the GR capability field in the OPEN message to negotiate
about the GR capabilities of the two neighbors.

6.

②At a moment, the Restarter starts restart, and the BGP session is disconnected. The Helper detects the disconnection, keeps
the route of the Restarter valid but adds the "Stale (aged but not updated)" flag to the route.

7.

③ and ④ The Restarter completes restart and connects to the Helper again.

8.

⑤ The Restarter waits for the route update message and EOR flag from the Helper.

9.

⑥ Afterreceiving the EORflag fromall neighbors, the Restarter performs route calculation, update routingentries and then
sends updated routes to the Helper.

10.

⑦ After receiving the updated routes, the Helper cancels the "Stale" flag of the routes. After receiving the EOR flag from the
Restarter,theHelperdeletesrouteswiththe"Stale"flag(theseroutesarenotupdated),performsroutecalculation,andupdates
the routing entries. The entire GR process is completed.

BGP GR defines several extended and important timers:



Restart-Timer: The GR Restarter advertises the time value to the GR Helper, which indicates the maximum waiting time that the
GR Restarter hopes the Helper to wait before a new connection is established between them. You can run the bgp
graceful-restart restart-time command to modify the time value.
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Wait-For-EORTimer: Indicates the maximum timethat the GR Restarter waits for the EOR flag from all GR Helpers. After
receiving the EOR flag from all GR Helpers or after the Wait-For-EOR timer expires, the GR Restarter calculates the preferred route
and updates the routing entries. You can run the bgp update-delay command to modify the time value.



StalePathTimer:IndicatesthemaximumtimethattheGR-HelperwaitsfortheEORflagfromtheGRRestarterafteranew
connectionis established between them.Withinthis period, theHelper keepsthe original routeof the Restarter valid. After
receivingtheEORflagoraftertheStalePathtimerexpires,theHelperclearstheroutingentriesstillwiththe"Stale"tag.Youcan
run the bgp graceful-restart stalepath-time command to modify the time value.

Related Configuration



Configuring BGP GR



bgp graceful-restart
Enables the Restarter capability, which is enabled by default.



bgp graceful-restartrestart-time time
Sets the Restart Timer. The default value is 120 seconds.



bgp update-delay delay
Sets the Wait-For-EOR Timer. The default value is 120 seconds.



bgp graceful-restart stalepath-time time
Sets the StalePath Timer. The default value is 360 seconds.



bgp graceful-restart disable
Disables the address family GR capability. The address family GR capability is enabled by default. After the global BGP GR is
enabled, the GR capability is automatically enabled for all address families.
When BGP GR is implemented, all BGP peers must enable the BGP GR capability. If certain peers do not support or enable GR,
BGPGRmayfailtobe implemented.GRfailuremaycauseashortrouteblack-holeorrouteloop, whichmay affectthenetwork.
Therefore, you are advised to verify that all neighbors are enabled with the BGP GR capability. You can run the show ip bgp
[ instance as-number ] neighbors command to display the capabilities successfully negotiated between BGP peers and verify
thattheGRcapabilitynegotiationissuccessful.IntheBGProuteconfigurationmode,runthebgpgraceful-restartcommand
to enable the BGP GR capability.
The bgp graceful-restart command will not be applied to a successfully established BGP connection immediately. That is, when
the BGP connection is in the Established state, the BGP peers will not re-negotiate about the GR capability immediately.To
enable the BGP peers of the BGP connection tonegotiate about the GR capability immediately, you need to forcibly restart the
BGP peers to re-negotiate about the GR capability by running the clear ip bgp 192.168.195.64 command (for example).To make
GRenablingor disablingtakeeffectimmediately,you mustrestarttheneighborshipforcapabilitynegotiation, whichmaycause
network flapping and affect normal use of users. Therefore, you can explicitly control whether to restart the neighborship.
Supporting BGP GR does not mean that a device can be used as the Restarter to implement BGP GR. Whether to implement BGP
GRalsodepends on thehardware capabilities of the device.FS devices must support the dual-engine hot backup when being
used as the GR Restarter.
The restart period configured by the bgp graceful-restar restart-time command should not be longer than the Hold Time of
theBGPpeers;otherwise,theHoldTimewillbe usedas therestarttimetobeadvertisedtotheBGPpeersduring GRcapability
negotiation.
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The bgp graceful-restar disable command is used to disable the GR capability in an address family in the address family
configuration mode, which is not configured by default.
7.3.25 Configuring 4-Byte AS Numbers of BGP

Atraditional AS number consistsof 2bytes, ranging from1to65,535. Anewly defined AS number consistsof 4 bytes, ranging from1
to 4,294,967,295. Newly defined AS numbers are used to cope with exhaustion of AS number resources.
Working Principle
4-byteASnumbers support twoexpressionmodes:thedecimal modeand dot mode.Thedecimal mode isthesame as theoriginal
expression mode, that is, expressing the 4 bytes of an AS number as decimal digits.The dot mode is expressed as ([higher 2
bytes.]lower 2 bytes). If the higher 2 bytes are 0, they will not be displayed.
For example, an AS number is 65534 in the decimal mode and is 65,534 in the dot mode (the 0 at the beginning is not displayed).
For example, an AS number is 65,536 in the decimal mode, and is 1.0 in the dot mode.
Forexample, an ASnumber is65,538 inthedecimal mode, and is1.2inthedot mode.
Relatedprotocolsare asfollows:RFC4893and RFC 5396.



Configuring the Display Mode of a 4-Byte AS Number

A 4-byte AS number is displayed in the decimal mode by default.Youcan manually set the display mode to the dot mode. After the
setting, a regular expression will use the dot mode for matching 4-byte AS numbers.



Compatibility with Devices Supporting Only 2-Byte AS Numbers

With introduction of 4-byte AS numbers, BGP connections may be established between old BPG speakers supporting only 2-byte AS
numbers and new BGP speakers supporting 4-byte AS numbers. If the AS where a new BGP speaker resides has a 4-byte AS number,
when an old BGP speaker creates neighborship with the new BGP speaker, the old BGP speaker uses the reserved AS number 23,456
toreplacethe4-byteASnumberofthenewBGPspeaker.IntheOPENpacketssentbythenewBGPspeakertotheoldBGPspeaker,
the4-byteASnumber intheMyAutonomousSystemfieldwillbe replacedby 23,456. Inaddition, inUPDATEpacketssenttotheold
BGPspeaker,the4-byteASnumberintheAS-PATHandAGGREGATORattributeswillalsobereplacedby23,456.Inaddition,new
optional transfer attributes AS4-PATHand AS4- AGGREGATORwillbe used to recordthe real 4-byte AS number so that the real
AS-PATHand AGGREGATOR attributes can be restored when the route reaches a next new BGP speaker.
In other cases, the real AS number of the remote end is used to create neighborship.
Related Configuration



Configuring the Display Mode of a 4-Byte AS Number



bgp asnotation dot
Displays a 4-byte AS number in the dot mode. The decimal mode is used by default.

7.3.26 Configuring a Regular Expression

A regular expression is a formula that matches strings based on a template.
The formula is used to assess text data and return True or False to indicate whether the expression can correctly describe the data.
Working Principle

www.fs.com

1107

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Regular expressions are used in BGP path attributes. The following table describes the usages of special characters in a regular
expression.
Character

Symbol

Special Meaning

Period

.

Matches any single character.

Asterisk

*

Matches zero or any sequence in a string.

Plus sign

+

Matches one or any sequence in a string.

Question mark

?

Matches zero or one symbol in a string.

Caret

^

Matches the start of a string.

Dollar sign

$

Matches the end of a string.

Underline

_

Square brackets

[]

Matches the start, end and space of commas, brackets and
strings.
Matches a single character within a range.

Related Configuration



Using a Regular Expression in a show Command



show ip bgp [ instance as-number ] regexp regexp
Displays the BGP routing information in a specified regular expression matched by the AS-PATH attribute.



show ip bgp [ instance as-number ] quote-regexp regexp
Displays the BGP routinginformation ina regular expressionwithin thespecified double quotation marks matched bythe
AS-PATH attribute.

7.3.27 Configuring BGP Session Retention

By default, when an UPDATEpacket is received froma neighbor, a BGP session will be disconnected ifan error isdetected on the
multi-protocol routing attribute.This will cause flapping of the routes in all address families of this neighbor.That is, the routing error
in an address family will affect the route stability in other address families.
Working Principle
After the BGP session retention function is enabled, if an error occurs in the routing attribute of an address family, only the routing
informationinthisaddressfamilyrelatedtotheneighbor isdeleted. Inaddition, theBGP sessionand other addressfamiliesarenot
affected, which enhances the stability of BGP.
recovery-time is used to configure the time for waiting for automatic route recovery, which requires that a neighbor should support
the route-refresh capability. After the recovery-time, BGP sends the route-refresh message of the address family to the neighbor and
re-advertises all routing information in the address family to this neighbor.
In the session retention state, you can manually reset the neighbor to exit from the session retention state.
Related Configuration



Configuring BGP Session Retention



bgp mp-error-handle session-retain [ recovery-time time ]
Enables the BGP session retention function, which is disabled by default.

www.fs.com

1108

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

recovery-timetimeconfigures thetimeforwaitingforautomatic routerecovery, rangingfrom10 to65535seconds.The default
value is 120.
7.3.28 Configuring BGP Delayed Advertisement upon System Restart

By default, after the neighborship is established after system restart, a BGP peer can advertise route information to its neighbors. This
isnormal in mostcases.However, incertaincases,for example, therearemanyneighbors or routesduring startupbut writing entries
into the hardware is slow. In this case, the neighbors have learned the routes and started forwarding traffic, but the hardware has not
completed writing of entries at the local end, which causes failure of traffic forwarding.
Working Principle
The BGP delayed advertisement upon system restart ensures that routes are not advertised to neighbors immediately after the
neighborship isestablishedupon system restart and that theroutes areadvertised aftera period. Thisfunctionhas no effecton other
behaviors such as route receiving performed by the neighbors. If part of the routes is not affected by the delay, configure prefix-list
policy to match this part of routes so that route advertisement can be more flexible.
delay-time is used to configure the waiting time before routes are advertised to the neighbors.startup-time is used to configure the
startup time. Within the startup-time, BGP sends routing information to the neighbors at the interval specified by delay-time.

After the startup-time ends, the default route advertisement behavior recovers.
Related Configuration



Configuring BGP Delayed Advertisement upon System Restart



bgp initial-advertise-delay delay-time [ startup-time ] [ wait-for-controller ]
Enables BGP delayed advertisement upon system restart, which is disabled by default.
delay-time configures the delay time for advertising routes after the BGP neighborship is established upon system restart,
ranging from 1 to 600 seconds. The default value is 1s.
startup-time configures the time range for system restart, ranging from 5 to 58,400 seconds. The delayed route advertisement
mechanism is used within this range. The default value is 600s.

7.3.29 Configuring BGP Delayed Advertisement for First Routes

Bydefault,aftertheneighborshipisestablished,aBGPpeercanadvertiserouteinformationtoitsneighbors.However,neighborswith
the neighborship newly established will send out the route information after a delayed period of time.
Working Principle
After BGP starts, BGP peers negotiate to establish the neighborship before sending route information (update packets).
If update delay is configured on the local end, the route received from the specified neighbor will be sent to other neighbors
afterthedelay time.IfBGP delayed advertisement uponsystemrestartand BGPdelayed advertisementfor firstroutes are
enabled at the same time, BGP delayed advertisement upon system restart takes precedence over BGP delayed advertisement
for first routes.
BGP GR is not affected by either BGP delayed advertisement upon system restart or BGP delayed advertisement for first routes,
that is, the BGP GR route advertisement is not affected by the delay time.
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Related Configuration



Creating a BGP Neighbor

By default, no neighbor is specified on a BGP speaker. You need to manually configure a BGP neighbor.
Run the neighbor { peer-address | peer-group-name } remote-as as-number command to manually create a BGP neighbor and specify
the AS number of the neighbor.



Configuring BGP Delayed Advertisement for First Routes

By default, BGP delayed advertisement for first routes is disabled for neighbors.
Run the neighbor { peer-address | peer-group-name } update-delay delay-time command to enable BGP delayed advertisement for
first routes.
7.3.30 Configuring BGPTracking

The BGP tracking function provides fast link fault detection for BGP speakers, accelerating route convergence.
Working Principle
When the BGP tracking function is enabled for a BGP speaker, the BGP speaker is associated with the corresponding track session of
the track module to monitor status change. In normal cases, the BGP speaker associates with the track module to perceive link
changes. When a link is faulty, the track module notifies the BGP speaker rapidly, implementing fast route convergence. BGP tracking
configuration is simpler than BFD configuration because only local configuration is required.
For details about the track session configuration and related commands, see TRACK-RNS-SCG.doc.
Related Configuration



Configuring Association Between the BGP Neighbor and Track Instance

Run the neighbor neighbor-address track track-obj-number command to configure association between a BGP neighbor and a track
instance, which is not configured by default.
7.3.31 Configuring BGPNSR

None-Stop-Routing(NSR)isusedtoensureuninterrupted routes duringprotocolrestartupon aswitchoverbetween theactiveand
standby management boards. During a switchover between the active and standby management boards, the NSR function ensures
stable network topology, maintains neighbor status and forwarding tables, and guarantees uninterrupted key services.
Working Principle
Different from BGP GR, BGP NSR is a function implemented individually by a BGP speaker and does not rely on neighbors.



During a switchover between the active and standby management boards, connections between BGP neighbors are not
interrupted.



Neighbors do not perceive the restart behavior on the local end. The GR technology is used for restart restoration.

NeighborswiththeBGPNSRfunctionenableddonot needtonegotiatetheGRcapability.Inaddition, neighbor assistanceisnot
required and interworking problems do not exist as NSR is a reliability technology not perceived by neighbors.
Related Configuration
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Creating a BGP Neighbor

By default, no neighbor is specified on a BGP speaker. You need to manually configure a BGP neighbor.
Run the neighbor { peer-address | peer-group-name } remote-as as-number command to manually create a BGP neighbor and specify
the AS number of the neighbor.



Enabling the NSR Function for BGP Neighbors

By default, the NSR function is disabled for BGP neighbors.
Run the neighbor { peer-address | peer-group-name } ha-mode nsr command to enable the NSR function for BGP neighbors.



Enabling the NSR Function for BGP Neighbors Globally

By default, the NSR function is disabled.
Run the bgp nsr command to enable the NSR function for BGP neighbors globally.
When the BGP NSR function is enabled for a neighbor, the connection to the neighbor will be reset, the tcp nss
(none-stop-service) of the neighbor will be enabled, and the related neighbor and route information are backed up to the
standbymanagementboard.Inthiscase,iftheNSRfunctionisenabledaftertheneighborshipisestablished,theneighborship
willbere-established, causingneighbor down. It isrecommended that theNSRfunction be enabled before theneighborshipis
established.
The NSR functiondoes not takeeffect on a neighbor that failstoestablishthe BGP connection, that is,ifthe BGP connection is
not intheEstablished state,theneighbor willnot executeNSRrelatedbackupoperations.OnlyiftheBGP connectionisinthe
Established state, the neighbor performs NSR related backup operations.
Not all devices that support the BGP NSR function can perform switchovers between the active and standby management
boards. To perform switchovers between the active and standby management boards, the device hardware must meet specific
requirements. NSR devices on FS networks must support the dual engine redundancy hot backup function.
Currently, only the IPv4/IPv6 unicast address family and EVPN address family support the NSR function. If a neighbor activates
other address families except the unicast address family, NSR switchovers cannot be performed.
If the BGP or TCP backup is not complete, the BGP NSR switchover may fail. When this status occurs, the BGP GR will reconnect
the route. It is recommended to enable the BGP NSR and BGP GR at the same time.
7.3.32 Configuring BGP Routes to Be Recursive Only to Host Routes

BGProutesuseoptimalmatchingforrouterecursionbydefault.Therefore,BGProutesmayberecursivetodefaultroutesorincorrect
network segment routes, resulting in an egress or next hop error. After the function of making BGP routes recursive only to host
routesisenabled,BGProutesarerecursiveonly to32-bitIPv4hostroutesor128-bitIPv6hostroutes.Thisfunctionisappliedtoroutes
learnt by neighbors of IBGP or multi-hop EBGP neighborships established using the Loopback interface.
Working Principle
After the function of making BGP routes recursive only to host routes is enabled, the function checks the validity of the next-hop
addresses of IBGP or multi-hop EBGP routes via exact matching, and conducts route recursion on the IBGP or multi-hop EBGP routes
viaexactmatchingaftertheyarewrittenintotheFIB.Forexample,thenext-hopaddressoftheIBGProute192.168.2.0/24is1.1.1.1.
The next-hop address of the IBGProute 192.168.2.0/24 is valid only when the route 1.1.1.1/32 exists,and the egress of the route
written into the FIB is the egress of the route 1.1.1.1/32.
Related Configuration

www.fs.com

1111

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Creating a BGP Neighbor

By default, no neighbor is specified for a BGP speaker. You need to manually configure a BGP neighbor.
Run the neighbor { peer-address | peer-group-name } remote-as as-number command to manually create a BGP neighbor and specify
an AS number for the neighbor.



Enabling BGP Routes to Be Recursive Only to Host Routes

By default, recursion is performed on BGP routes via exact matching.
Run the bgp recursion host command to enable BGP routes to be recursive only to host routes.
7.3.33 Configuring Outbound Loop Detection for a BGP Neighbor

Bydefault,BGPconductsloopdetectiononBGProuteswhenreceivingtheBGProutesfromaneighbor.WhentheASPathattribute
carried in a BGP route contains the local AS number, BGP filters out the BGP route. The outbound loop detection function of a
neighbor is to conduct loop detection on routes in advance when the routes are transmitted to a neighbor, so as to filter out loop
routes.
Working Principle
Whensending aroutetoanEBGPneighbor,thedevicejudgeswhether theASPathattributecarriedintheBGProutecontainstheAS
number of the neighbor. If yes, the route is looped and the device does not send the route to the EBGP neighbor.
Related Configuration



Creating a BGP Neighbor

By default, no neighbor is specified for a BGP speaker. You need to manually configure a BGP neighbor.
Run the neighbor { peer-address | peer-group-name } remote-as as-number command to manually create a BGP neighbor and specify
an AS number for the neighbor.



Enabling Outbound Loop Detection for a Neighbor

The outbound loop detection is disabled for a neighbor by default.
Run the neighbor { peer-address | peer-group-name } as-loop-check out command to enable the outbound loop detection for the
BGP neighbor.
7.3.34 Shutting Down BGP Connections Gracefully

The RFC 6198 Requirements for the Graceful Shutdown of BGP Sessions defines a requirement for shutting down BGP connections
gracefully, and requests that a BGP neighbor shut down connections under the precondition that service traffic isnot interrupted or is
interrupted for a very short period of time.
Working Principle
Thisfeaturesadoptsthe"Make-Before-Break"modetoshutdownBGPconnections,toensurethatservicetrafficisnotinterruptedor
is interrupted for a very short period of time in the process from the feature configuration to actual BGP connection shutdown. The
steps are asfollows:
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The feature enables the device to advertise a route with the lowest priority (the value of local-preference is 0 or the value of
medis4,294,967,295)toaneighbor and carry thegshut community attributeinthe routesothat the neighborupdates routes
and switch traffic to a backup link or other equivalent links in advance.



The device shuts down the BGP connection with the neighbor after a period of time.

ThedelayperiodoftimeforBGPconnectionshutdowncanbemanuallyspecifiedorautomaticallycalculated.Theautomatically
calculated delay time is 1 second for 500 routes.
If the local-preference or med attribute of the route with the lowest priority cannot enable the neighbor to switch traffic to
backup links or other equivalent links in advance, configure an inbound policy on the neighbor to change the priority of routes
carrying the gshut community or specified community attribute or to filter such routes.
Related Configuration



Shutting Down All Connections of a BGP Instance Gracefully

By default, all connections of BGP instances are not shut down.
Run the bgp shutdown graceful [ community value ] [ delay time ] command to shut down all connections of a BGP instance.



Shutting Down Connections of the BGP Neighbor Gracefully

By default, the connections of BGP neighbors are not shut down.
Run the neighbor { peer-address | peer-group-name } shutdown graceful [ community value ] [ delay time ] command to disable
connections of a BGP neighbor.
7.3.35 Configuring Enhanced VPN Route Import

Working Principle
During inter-VRF route import, import of L3VPN remote routes to VRF,or import of EVPN routes to the IP route table, only routes with
preferred next hops are imported by default.
The enhanced VPN route import function is an extension of the inter-import of the preceding routes. It enables all routes with next
hops or equivalent next hops to be imported.
Related Configuration



Configuring the Route Import Policy

By default, only routes with preferred next hops are imported.
Run the import path selection { all | bestpath | multipath } command to import all routes with next hops, routes with preferred next
hops, or routes with equivalent next hops.
7.3.36 BGP Route Update Group

The BGP route update group function is used to enhance the performance for advertising routes to neighbors.
Working Principle
The BGP route update group function automatically classifies neighbors with the same outbound policy to the same update group.
When routes are sent to neighbors, the update packet is encapsulated based on the update group and sent to all neighbors in the

www.fs.com

1113

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

update group. In this case, the update packet is encapsulated for once and sent multiple times, improving the performance of route
advertisement to neighbors.
7.3.37 Configuring BGPEVPN

As a layer-2 VPN technology, the Ethernet Virtual Private Network (EVPN) uses the MB-BGP on the control plane to distribute layer-2
and layer-3 routing information and uses theVirtual eXtensible Local Area Network (VXLAN) on the data plane toencapsulate service
traffic..
Working Principle
The EVPN is a layer-2 VPN technology extended based on the MP-BPG. The MP-BPG expands the EVPN address family to transfer the
required layer-2 and layer-3 routing information, and support multiple types of data planes. At present, only the VXLAN can serve as
the data plane of the EVPN.
The MP-BGP adds not only the EVPN address family, but also the EVPN network layer reachability information, which includes the
following:
1. Ethernet Auto-discovery Route: Automatically discovers Ethernet Segment (ES) information in a multi-homed network.
2. MAC/IP Advertisement Route: Advertises the MAC address and host ARP information.
3. Inclusive Multicast Ethernet Tag (IMET) Route: Automatically discovers VXLAN tunnel end points (VTEPs) and creates VXLAN
tunnels.
4. Ethernet Segment Route: Advertises ES information and information about connected VTEPs.
5. IP Prefix Route: Advertises routing information of IP network segments.
At present, Ethernet Auto-discovery Route and Ethernet Segment Route are not supported.
The preceding EVPN routing information includes the RD (for EVPN routes of different VNIs) and route target (for importing EVPN
routes between different devices).
Related Configuration



Configuring EVPN

By default, the EVPN mode is not activated.
Run the evpn command to enter the EVPN mode.



Creating an EVI Instance

By default, no EVI instance is configured.
Run the vni vni-id command to create an EVI instance and enter the EVI instance configuration mode.
Run the vni range vni-id-list command to create EVI instances in batches and enter the EVI instance batch configuration mode.



Configuring RD

By default, no RD is configured in evpn-vni mode.
Run therd{ auto |rd_value} command to add RD.



Configuring Route Target

By default, no route target is configured in evpn-vni mode.
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Run the route-target { import | export | both } command to configure route target.



Configuring a Route Map for EVI Instances

By default, no route map is configured for EVI instances.
Run the export map routemap-name command to configure the route map for exporting the extended community attribute of EVPN
routes from the local device to the remote device.
Run import map routemap-name command to configure the route map for importing the remote EVPN routes to the local VNI
instance.



Configuring an EVPN Address Family

By default, no EVPN address family is activated.
Run the address-family l2vpn evpn command to activate an EVPN address family.



Configuring MAC Mobility Parameters

By default, if five MAC address moves are detected within 180s, it is considered that a MAC address conflict occurs.
Runthebgpmac-mobilitytimercount[delay-timer]commandtoadjusttheMACmobilitydetectionparameters.



Modifying the Router MAC Attribute to Router MAC Address or Anycast MAC Address of Local Device

By default, the router MAC attribute is not modified for EVPN routes.
Runtheneighbor { neighbor-address|peer-group-name }router-mac-selfcommand tosetthe router MACattributeof EVPN routing
information to the router MAC address or anycast MAC address of the local device.
7.3.38 Configuring BMP

BGP Monitor Protocol (BMP) monitors BGP running on a device, focusing on the status, entry sending and receiving, and all kinds of
statistics of BGP peers.
Working Principle
A BGP speaker proactively sends a TCP connection request carrying a destination IP address and a port number (the destination IP
address is the BMP server address, and both of the address and port number are specified by the client) to the specified BMP server.
After the TCP connection is successfully established, the BGP speaker advertises BMP packets to the BMP server.
Related Configuration



Creating a BMP Server Instance

By default, no BMP server instance is configured.
Run the bmp server server-number command to create a BMP server instance and enter the BMP instance configuration mode.



Configuring the Address and Port Number of the BMP Server

By default, the BMP server address and port number are not configured in BMP configuration mode.
Run the address bmp-server-address port port-number command to configure the address and port number of the BMP server.



Configuring the update-source
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By default, the outbound interface of aTCP connection is automaticallyselectedbased on the IP address of theBMP server. In normal
cases, the outbound interface of the local packet is used.
Run the update-source interface-type interface-number command to set the outbound interface of the TCP connection to the BMP
server.



Configuring VRF

By default, a TCP connection is established to the BMP server under the default VRF instance.
Run the vrf vrf-name command to establish a TCP connection to the BMP server under a specific VRF instance.



Configuring failure-retry-delay

By default, the interval to reconnect to the BMP server increases from 30s.
Run the failure-retry-delay second command to set the interval to establish a TCP connection to the BMP server.



Configuring description

By default, no description is configured.
Run the description text command to add the description to BMP instance.



Configuring buffer-size

By default, no limit is set for the max bytes of packet in buffer.
Run the buffer-size maximum command to limit the max bytes of packet in buffer for BMP instance.



Configuring the BMP Server to Monitor BGP Peers

By default, BGP peers are not monitored by the BMP server.
Run the neighbor { neighbor-address | peer-group-name } bmp-active { all | server server-number [ server-number [ server-number ] ] }
command to enable the BMP server to monitor BGP peers.



Configuring All BMP Servers to Monitor BGP Peers

By default, BGP peers are not monitored by all BMP servers.
Run the bgp bmp-active command to enable all BMP servers to monitor BGP peers.



Configuring the BMP Server to Monitor BGP Peer Packets

By default, the BMP server does not enable route mirroring packet sending.
Run the route mirroring command to enable route mirroring packet sending to send real-time mirroring BGP packets to the BMP
server.



Configuring the Interval for Sending Status Statistics to the BMP Server

By default, when status statistics of a monitored peer are changed, the BMP module sends the status statistics to the BMP server.
Run the stats-reporting-period time command to specify the interval for sending status statistics to the BMP server.



Configuring the BMP Server to Monitor Unchanged Routing Information Received from a BGP Peer

By default, the BMP server does not monitor unchanged routing information received from a BGP peer.
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Run the adj-rib-in pre-policy command to enable the BMP server to monitor unchanged routing information received from a BGP
peer.



Configuring the BMP Server to Monitor Routing Information Received from a BGP Peer After the Routing Policy Is
Applied

By default, the BMP server does not monitor routing information received from a BGP peer after the routing policy is applied.
Run the adj-rib-in post-policy command to enable the BMP server to monitor routing information received from a BGP peer after the
routing policy isapplied.



Configuring the BMP Server to Monitor Routing Information Sent to a BGP Peer After the Routing Policy Is Applied

By default, the BMP server does not monitor routing information sent to a BGP peer after the routing policy is applied.
Run the adj-rib-out post-policy command to enable the BMP server to monitor routing information sent to a BGP peer after the
routing policy isapplied.
7.3.39 Configuring Domain

Assign neighbors to a specified domain group, and process neighbors in the same domain group.
Working Principle
Run the command to specify the domain for neighbors, and do not suppress detailed routings of neighbors in the domain group.
Related Configuration



Specifying a Domain Group for Neighbor

By default, no domain is specified.
Run the neighbor { neighbor-address | peer-group-name } domain domain-name command to specify the domain group for peer.



Configuring not to Suppress Detailed Routing in Domain Group of Neighbor

By default, the function is disabled in domain group of neighbor.
Run the neighbor { neighbor-address | peer-group-name } domain-unsuppress command to not suppress detailed routing in the
domain group ofneighbor.
7.3.40 Configuring Link State Tracking Group

Associate the neighbor with link state tracking group, so that neighbor status will affect the statue of downlink port of the link state
tracking group.
Working Principle
Associate the neighbor with a specified link state tracking group. When the neighbor is down, the downlink port of the group is down;
when the neighbor is up, the downlink port of the group is up.
Related Configuration



Configuring Link State Tracking Group for Neighbor

By default, neighbor is not associated with any link state tracking group.
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Run the neighbor { neighbor-address | peer-group-name } link state group num command to specify the link state tracking group.



Configuring the Delay Time to Enable Downlink Port of Link State Tracking Group after Neighbor is Up

By default, the delay time is 5 s.
Run the bgp link-state-group up-delay delay-time command to configure the delay time to enable the downlink port of link state
tracking group after neighbor is up.



Adding the Port to Specified Link State Tracking Group

By default, a port is not added to any tracking group.
Run the link state group num { upstream | downstream } command to add a port to the specified link state tracking group.

7.3.41 Configuring BGP Additional Paths

In BGP,the routes with the same prefix from a neighbor are regarded as one entry. Configure BGP add-path to receive multiple routes
with the sameprefix.
Working Principle
By default, when BGP receive a route with the same prefix from a peer, it will replace the previous route with the new one, namely, it
regards the route with the same prefix as one entry. After configuring the add-path function, BGP will add a path-id field to the route
advertised by the peer that can therefore judge whether the route is the same according to prefix, peer and path-id. When the
received route is different, the peer will add it as a new entry so as to obtain multiple routes with the same prefix from a peer.
BGP add-path is only available for the IBGP peer.
Related Configuration



Configuring add-path Route Preference

By default, add-path route preference is disabled.
Run the bgp additional-paths select { all | best number | ecmp } command to select the add-path route of the specified type.



Enabling add-path Capability on Specified Peer

By default, the add-path capability is disabled.
Run the neighbor { peer-address | peer-group-name } additional-paths { send[receive] | receive }command to enable the device to
advertise/receive the add-path route.



Advertising add-path Route to Peer

By default, BGP does not advertise the add-path route to its peers.
Run theneighbor {peer-address | peer-group-name } advertise additional-paths { all | best number | ecmp } command to advertise
the add-path route of the specified type to peers when the add-path negotiation succeeds.
Run the bgp additional-paths select command to select the add-path routes of the specific type. If the type of selected
add-path routes is different from that of advertised ones, then the add-path route is not advertised but only the optimal route is
advertised.

www.fs.com

1118

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Only when the local device is enaled to send the add-path route and the peer is enable to receive the add-path route, the local
device is allowed to advertise the add-path route.
7.3.42 Other Related Configurations

For configuration and application of BGP MCE, see section "VRF Configuration Guide".
For configuration and application of BGP L2VPN, see section "L2VPN Configuration Guide".
For configuration and application of BGP/MPLS VPN, see section "BGP/MPLS VPN Configuration Guide".
For configuration and application of the BGP MDT address family, see section "Multicast VPN (MD Configuration Guide)".

7.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to create a BGP neighbor.

Configuringa BGP Peer
(Group)

Enables BGP.

router bgp
neighbor { peer-address | peer-group-name }
remote-as as-number

(Optional) It is used to perform encrypted authentication for the BGP neighbor.

Configuring MD5
Authentication

neighbor { peer-address | peer-group-name }
password [ 0 | 7 ] string

Configuring a Route
Reflector

Creates a BGP neighbor.

Configures the password for encryption.

(Optional) It is used to reduce the number of BGP neighbor connections.
neighbor { peer-address | peer-group-name }
route-reflector-client

Specifies a peer (group) as a reflector client.

(Optional) It is used to reduce the number of BGP neighbor connections.
Configuring an AS Alliance

bgp confederation identifier as-number

Configures the BGP alliance ID.

bgp confederation peers as-number [… as-number ] Configures a BGP alliance neighbor.
(Optional) It is used to implement multi-path load balancing.
Configuring Multi-path Load
Balancing of BGP

maximum-paths ibgp number

Configures IBGP load balancing.

maximum-paths ebgp number

Configures EBGP load balancing.

bgp bestpath as-path multipath-relax

Enables the BGP AS-PATH loose comparison mode.

(Optional) It is used to increase the convergence speed when a network fault occurs.
Configuring EBGP FRR

bgp fast-reroute

Configures BGP FRR.

neighbor { neighbor-address | peer-group-name }
fall-over bfd

Configures a BFD session to a BGP neighbor.

(Optional) It is used to fast withdraw the specified BGP routes.
Configuring Fast Withdrawal
of Specified BGP Routes

bgp

{

access-list

{ access-list-number | access-list-name } | prefix-list

Configures fast withdrawal of specified BGP routes.

prefix-list-name | route-map map-tag }

Configuring FRR in an IBGP
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Configuration
Route Reflection
Environment

Description and Command
bgp fast-reroute

Configures BGP FRR.

(Optional) It is used for transitional deployment during network migration.
Configuring Local ASs

neighbor { peer-address | peer-group-name } local-as
as-number [ no-prepend [ replace-as [ dual-as ] ] ]

Configures the local AS for a BGP neighbor.

(Recommended) It is used to improve the network reliability.
Configuring BGP GR

bgp graceful-restart

Enables the BGP GR capability.

bgp graceful-restart restart-time restart-time

Configures the maximum time for BGP GR.

bgp graceful-restart stalepath-time time

Configures the maximum retention time for BGP
stable route.

(Optional) It is used to deploy an IPv6 network by using BGP.
Configuring a BGP IPv6
Address Family

address-family ipv6 unicast

Enters the BGP IPv6 unicast configuration mode.

neighbor { neighbor-address | peer-group-name }

Activates the address family capability of a BGP

activate { ipv4 | ipv6 }

neighbor in the current configuration mode.

Optional. It is used to configure the EVPN VXLAN network.
address-family l2vpn evpn

address-family l2vpn evpn

vni vni-id

Creates EVI instance

rd { auto | rd_value }

Configures RD

route-target { import | export | both } { auto |
rt_value }

Configuring BGP EVPN

export map routemap-name
import map routemap-name
bgp mac-mobility timer count
neighbor { peer-address | peer-group-name }
router-mac-self

Configures the extended group attribute policy of the
local end to EVPN route
Configures the policy of the EVPN route to the local VNI
instance
Configures MAC mobility parameter
Changes router MAC to the local address.
Configure BGP not to compare the serial number of

bgp bestpath evpn-seq-relax

EVPN router from the same VTEP when selecting the
optimal route

Optional. It is used to configure domain group.
Configuring Domain Group

neighbor { neighbor-address | peer-group-name }
domain domain-name

Configures the domain group of neighbor

neighbor { neighbor-address | peer-group-name }

Configures not to suppress detailed routings in

domain-unsuppress

the same domain group.

Optional. It is used to configure the link state tracking group associated with BGP neighbor.
Configuring BGP Associated

neighbor { neighbor-address | peer-group-name } link Configures the link state tracking group

Link State Tracking Group

state group num
bgp link-state-group up-delay delay-time
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Configuration

Description and Command
neighbor is up.
Optional. It is used to disable the private PIC process for BGP neighbor

Disabling Private PIC Process

neighbor { neighbor-address | peer-group-name }

Disables private PIC prcoess

pic-disable

Optional. It is used to enable the BGP neighbor to advertise the routes with the same prefix.
bgp additional-paths select { all | best number |
Configuring add-path

Selects all valid routes as the add-path routes.

ecmp }
neighbor { peer-address | peer-group-name } advertise
additional-paths { all | best number | ecmp }
neighbor

{

peer-address

|

peer-group-name

additional-paths { send [receive] | receive }
Configuring Interconnection
with Devices Supporting
Only 2-Byte AS Numbers

}

Advertises the add-path route to the peer.
Configures the add-path capability of the peer.

Optional. It is used for interconnecting with an old device that supports only 2-byte AS numbers.
neighbor { neighbor-address | peer-group-name }
remote-as as-number

Creates a BGP neighbor.

7.4.1 Configuring a BGP Peer (Group)

Configuration Effect



Configure BGP and create IBGP and EBGP neighbors.

Notes



If an IBGP neighbor is not directly connected, you need to configure IGP or a static routing protocol to implement
interconnection.



If an EBGP neighbor is not directly connected, you need to configure the ebgp-multihop parameter for the neighbor.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring a Source Interface for a BGP Neighbor

(Optional) Perform this configuration in the BGP configuration mode. By default, BGP automatically selects a local interface that
reaches the destination IP address of a peer as the source interface.
For an IBGP neighbor, you are advised to use a Loopback interface as the source interface.

Verification



Run the show command to display the neighbor status.

Related Commands
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Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Creating a Source Interface for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } update-source { interface-type interface-number | address }

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
interface-type interface-number: Indicates an interface name.
address: Directly specifies the network interface address used for creating a BGP connection.

Command

BGP configuration mode

Mode
Usage Guide



The source interface of a neighbor must be a local valid interface or address.

Disabling Private PIC process to BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } pic-disable

Parameter

neighbor-address: Specifies the IPv4 or IPv6 address of a peer.

Description

peer-group-name: Specifies a peer group name.

Command

BGP configuration mode

Mode
Usage Guide

When the neighbor uses other vendors’ device and it sends extended community attributes whose type is CF and sub
type is E1, it is recommended to run this command.

Configuration Example



Configuring a BGP Peer (Group)

www.fs.com

1122

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 1- 4

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 4.

Steps



Configure a loopback interface on A, B, and C and create an IBGP neighbor based on the loopback interface.



Create an EBGP neighborship by using the directly connected interfaces on C and D.



Create an IBGP peer group on C.

A

A# configure terminal
A(config)# interface loopback 0
A(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
A(config-if-Loopback 0)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65536
A(config-router)# neighbor 10.1.1.3 remote-as 65536
A(config-router)# neighbor 10.1.1.3 update-source loopback 0

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)# ipaddress192.168.2.2255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.3 remote-as 65536
B(config-router)# neighbor 10.1.1.3 update-source loopback 0

C
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C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.3 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.1.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/2)# exit
C(config)# interface GigabitEthernet 0/3
C(config-if-GigabitEthernet 0/3)# ip address 192.168.3.3 255.255.255.0
C(config-if-GigabitEthernet 0/3)# exit
C(config)# router bgp 65536
C(config-router)# neighbor ibgp-group peer-group
C(config-router)# neighbor ibgp-group remote-as 65536
C(config-router)# neighbor ibgp-group update-source loopback 0
C(config-router)# neighbor 10.1.1.1 peer-group ibgp-group
C(config-router)# neighbor 10.1.1.2 peer-group ibgp-group
C(config-router)# neighbor 192.168.3.4 remote-as 65537
D

D# configure terminal
D(config)# interface GigabitEthernet 0/1
D(config-if-GigabitEthernet0/1)# ipaddress 192.168.3.4 255.255.255.0
D(config-if-GigabitEthernet 0/1)# exit
D(config)# router bgp 65537
D(config-router)# neighbor 192.168.3.3 remote-as 65536

Verification

Run the show command to display the BGP neighbor status.

A

A# show ip bgp neighbor
BGP neighbor is 10.1.1.3, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:00:05
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
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Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:1
refresh message:0 dynamic cap:0 notifications:0
Sent 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:1
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 0, Offset 0, Mask 0x1
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Local host: 10.1.1.1, Local port: 1039
Foreign host: 10.1.1.3, Foreign port: 179
Nexthop: 10.1.1.1
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset:

, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)
B

B# show ip bgp neighbor
BGP neighbor is 10.1.1.3, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:00:07
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
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Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:1
refresh message:0 dynamic cap:0 notifications:0
Sent 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:1
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 0, Offset 0, Mask 0x1
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Local host: 10.1.1.2, Local port: 1041
Foreign host: 10.1.1.3, Foreign port: 179
Nexthop: 10.1.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset:

, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)
C

C# show ip bgp neighbor
BGP neighbor is 10.1.1.1, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:01:13
Last read

, hold time is 180, keepalive interval is 60 seconds

Neighbor capabilities:
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Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 0 seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Local host: 10.1.1.3, Local port: 179
Foreign host: 10.1.1.1, Foreign port: 1039
Nexthop: 10.1.1.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network

BGP neighbor is 10.1.1.2, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 10.1.1.2
BGP state = Established, up for 00:01:17
Lastread

, hold time is 180, keepalive interval is 60 seconds

Neighbor capabilities:
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Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 0 seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Local host: 10.1.1.3, Local port: 179
Foreign host: 10.1.1.2, Foreign port: 1041
Nexthop: 10.1.1.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network

BGP neighbor is 192.168.3.4, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 192.168.3.4
BGP state = Established, up for 00:01:01
Lastread

, hold time is 180, keepalive interval is 60 seconds

Neighbor capabilities:
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Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Local host: 192.168.3.3, Local port: 179
Foreign host: 192.168.3.4, Foreign port: 1018
Nexthop: 192.168.3.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
D

D# show ip bgp neighbor
BGP neighbor is 192.168.3.3, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:01:01
Last read

, hold time is 180, keepalive interval is 60 seconds

Neighbor capabilities:

www.fs.com

1129

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes

Connections established 1; dropped 0
Localhost:192.168.3.4, Local port: 1018
Foreign host: 192.168.3.3, Foreign port: 179
Nexthop: 192.168.3.4
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Common Errors



IGPisnotenabledandtheinterconnectionbetweenthelocalloopbackaddressandtheloopbackaddressontheIBGPneighbor
fails, which causes that the neighbor fails to be created.



ebgp-multihopisnot configuredwhen anEBGPisnot directlyconnected,whichcausesthataTCPconnectionfailstobe
created.

7.4.2 Configuring MD5 Authentication

Configuration Effect
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Configure MD5 for encrypted authentication between EBGP and IBGP neighbors.

Notes



If an IBGP neighbor is not directly connected, you need to configure IGP or a static routing protocol to implement
interconnection.



If an EBGP neighbor is not directly connected, you need to configure the ebgp-multihop parameter for the neighbor.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Enabling BGP

Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.

Verification



Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring an MD5 Password for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } password [ 0 | 7 ] string

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
0: Displays a password not encrypted.
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7: Displays a password encrypted.
string: Indicates a password for TCP MD5 authentication, consisting of a maximum of 80 characters.
Command

BGP configuration mode

Mode
Usage Guide

The same passwords must be configured on the two ends of a BGP neighborship.

Configuration Example



Configuring BGP MD5 Authentication

Scenario
Figure 1- 5

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 5.

Steps



Configure a loopback interface on B and C and create an IBGP neighbor based on the loopback interface.



Create an EBGP neighborship by using the directly connected interfaces on A and B.



Configure the passwords on A, B and C for their neighbors.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65537
A(config-router)# neighbor 192.168.1.2 remote-as 65536
A(config-router)# neighbor 192.168.1.2 password 7 ebgpneighbor

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)# ipaddress192.168.1.2255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet0/2)# ipaddress192.168.2.2255.255.255.0
B(config-if-GigabitEthernet 0/2)# exit
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B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.2 remote-as 65536
B(config-router)# neighbor 10.1.1.2 update-source loopback 0
B(config-router)# neighbor 10.1.1.2 password ibgpneighbor
B(config-router)# neighbor 192.168.1.1 remote-as 65537
B(config-router)# neighbor 192.168.1.1 password 7 ebgpneighbor
C

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 10.1.1.1 remote-as 65536
C(config-router)# neighbor 10.1.1.1 update-source loopback 0
C(config-router)# neighbor 10.1.1.1 password ibgpneighbor

Verification

Run the show command to display the BGP neighbor status.

A

A#show ip bgp neighbors
BGP neighbor is 192.168.1.2, remote AS 65536, local AS 65537, external link
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:04:54
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 7 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:6
refresh message:0 dynamic cap:0 notifications:0
Sent 7 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:6
refresh message:0 dynamic cap:0 notifications:0
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Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds

For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes

Connections established 2; dropped 1
Localhost:192.168.1.1, Local port: 1026
Foreign host: 192.168.1.2, Foreign port: 179
Nexthop: 192.168.1.1
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:04:54, due to BGP Notification sent
Notification Error Message: (Cease/Administratively Reset.)
B

B# show ip bgp neighbors
BGP neighbor is 10.1.1.2, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.2
BGP state = Established, up for 00:04:01
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
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Minimum time between advertisement runs is 30 seconds

For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes

Connections established 2; dropped 1
Local host: 10.1.1.1, Local port: 179
Foreign host: 10.1.1.2, Foreign port: 1038
Nexthop: 10.1.1.1
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:05:27, due to BGP Notification received
Notification Error Message: (Cease/Administratively Reset.)

BGP neighbor is 192.168.1.1, remote AS 65537, local AS 65536, external link
BGP version 4, remote router ID 192.168.1.1
BGP state = Established, up for 00:05:27
Lastread

, hold time is 180, keepalive interval is 60 seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
open message:1 update message:0 keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
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For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes

Connections established 2; dropped 1
Local host: 192.168.1.2, Local port: 179
Foreign host: 192.168.1.1, Foreign port: 1026
Nexthop: 192.168.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:05:27, due to BGP Notification received
Notification Error Message: (Cease/Administratively Reset.)
C

C# show ip bgp neighbors
BGP neighbor is 10.1.1.1, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:04:01
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds

www.fs.com

1136

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes

Connections established 2; dropped 1
Local host: 10.1.1.2, Local port: 1038
Foreign host: 10.1.1.1, Foreign port: 179
Nexthop: 10.1.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:05:27, due to BGP Notification received
Notification Error Message: (Cease/Administratively Reset.)
Common Errors



The passwords for MD5 encrypted authentication at the two ends of a BGP neighborship are different.

7.4.3 Configuring a Route Reflector

Configuration Effect



Configure a route reflector in the IBGP environment to reduce the number of BGP neighbor connections.

Notes



If an IBGP neighbor is not directly connected, you need to configure IGP or a static routing protocol to implement
interconnection.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Creating a BGP Reflector

(Mandatory) Perform this configuration in the BGP configuration mode.

Verification
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Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Creating aBGP Reflector

Command

neighbor { neighbor-address | peer-group-name } route-reflector-client

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.

Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring a BGP Route Reflector

Scenario
Figure 1- 6
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Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 6.

Steps



ConfigurealoopbackinterfaceonalldevicesandcreateanIBGPneighborshipbyusingtheloopbackinterface
according to the connection lines as shown in Figure 1- 6.


A

Configure route reflection on the device RR and specify A, B, C and D as reflector clients.

A# configure terminal
A(config)# interface loopback 0
A(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
A(config-if-Loopback 0)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65536
A(config-router)# neighbor 10.1.1.5 remote-as 65536
A(config-router)# neighbor 10.1.1.5 update-source loopback 0
A(config-router)# network 192.168.1.0 mask 255.255.255.0

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)# ipaddress192.168.2.2255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.5 remote-as 65536
B(config-router)# neighbor 10.1.1.5 update-source loopback 0

C

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.3 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.3.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 10.1.1.5 remote-as 65536
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C(config-router)# neighbor 10.1.1.5 update-source loopback 0
D

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.4 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.4.4 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 10.1.1.5 remote-as 65536
C(config-router)# neighbor 10.1.1.5 update-source loopback 0

RR

RR# configure terminal
RR(config)# interface loopback 0
RR(config-if-Loopback 0)# ip address 10.1.1.5 255.255.255.255
RR(config-if-Loopback 0)# exit
RR(config)# interface GigabitEthernet 0/1
RR(config-if-GigabitEthernet 0/1)# ip address 192.168.1.5 255.255.255.0
RR(config-if-GigabitEthernet 0/1)# exit
RR(config)# interface GigabitEthernet 0/2
RR(config-if-GigabitEthernet 0/2)# ip address 192.168.2.5 255.255.255.0
RR(config-if-GigabitEthernet 0/2)# exit
RR(config)# interface GigabitEthernet 0/3
RR(config-if-GigabitEthernet 0/3)# ip address 192.168.3.5 255.255.255.0
RR(config-if-GigabitEthernet 0/3)# exit
RR(config)# interface GigabitEthernet 0/4
RR(config-if-GigabitEthernet 0/4)# ip address 192.168.4.5 255.255.255.0
RR(config-if-GigabitEthernet 0/4)# exit
RR(config)# router bgp 65536
RR(config-router)# neighbor 10.1.1.1 remote-as 65536
RR(config-router)# neighbor 10.1.1.1 update-source loopback 0
RR(config-router)# neighbor 10.1.1.1 route-reflector-client
RR(config-router)# neighbor 10.1.1.2 remote-as 65536
RR(config-router)# neighbor 10.1.1.2 update-source loopback 0
RR(config-router)# neighbor 10.1.1.2 route-reflector-client
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RR(config-router)# neighbor 10.1.1.3 remote-as 65536
RR(config-router)# neighbor 10.1.1.3 update-source loopback 0
RR(config-router)# neighbor 10.1.1.3 route-reflector-client
RR(config-router)# neighbor 10.1.1.4 remote-as 65536
RR(config-router)# neighbor 10.1.1.4 update-source loopback 0
RR(config-router)# neighbor 10.1.1.4 route-reflector-client

Verification

Run the show command to display the BGP neighbor status.

RR

RR# show ip bgp summary
BGP router identifier 10.1.1.5, local AS number 65536
BGP table version is 1
0 BGP AS-PATH entries
0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

10.1.1.1

4

65536

8

9

1

0

000:05:11

1

10.1.1.2

4

65536

9

9

1

0

000:05:24

0

10.1.1.3

4

65536

8

7

1

0

000:05:10

0

10.1.1.4

4

65536

9

8

1

0

000:05:14

0

RR# show ip bgp
BGP table version is 1, local router ID is 10.1.1.5
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
*>i192.168.1.0

Next Hop
10.1.1.1

Metric
0

LocPrf
100

Weight Path
0

i

Total number of prefixes 1
D

D# show ip bgp summary
BGP router identifier 10.1.1.4, local AS number 65536
BGP table version is 1
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0 BGP AS-PATH entries
0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor
10.1.1.5

V

ASMsgRcvdMsgSent TblVer InQ OutQ Up/Down State/PfxRcd

4

65536

8

9

1

0

0 00:05:20

1

D# show ip bgp
BGP table version is 1, local router ID is 10.1.1.4
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
* i192.168.1.0

Next Hop
10.1.1.1

Metric
0

LocPrf
100

Weight Path
0

i

Totalnumber of prefixes 1

7.4.4 Configuring an AS Alliance

Configuration Effect



Configure a BGP alliance to reduce the number of BGP neighbor connections.

Notes



It is advised to use private AS numbers for sub ASs (also called member ASs) within an alliance. Private AS numbers range from
64,512 to 65,535.



WithinasubASofanalliance,fullmeshmustbeestablishedforallBGPspeakers(routereflectorscanbefurtherconfigured
within the sub AS).



An EBGP neighborship must be established between sub ASs of an alliance.



All BGP speakers within an alliance must belong to a sub AS within the alliance.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Enabling BGP

Configuring a BGP Alliance ID

(Mandatory) Perform this configuration in the BGP configuration mode.
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(Mandatory) Perform this configuration in the BGP configuration mode.




Configuring Multiple Hops for an EBGP Neighbor

Perform this configuration in the BGP configuration mode. It is mandatory when an EBGP neighbor is not directly connected.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Configuring a BGP Alliance Member

Configuring BGP Route Re-distribution to a Network

(Optional) Performthisconfigurationin theBGP configurationmode. Performthis configuration when a local routeneeds tobe
advertised. You can also configure an alternative network by means of re-distribution.

Verification



Run the show command to display the BGP neighbor status.



Run the show command to display the BGP routing table information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Enabling a BGP Alliance ID

Command

bgp confederation identifier as-number

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Configuring a BGP Alliance Member

Command

bgp confederation peers as-number [… as-number ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description
Command

BGP configuration mode

Mode
Usage Guide
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Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring Multiple Hops for an EBGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } ebgp-multihop [ ttl ]

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
ttl: Indicates the maximum number of hops that are allowed, ranging from 1 to 255.

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring BGP Route Re-distribution to a Network

Command

network network-number [ mask mask ] [ route-map map-tag ] [ backdoor ]

Parameter

network-number: Indicates the network address.

Description

mask: Indicates the subnet mask.
map-tag: Indicates the name of a route map, consisting of no more than 32 characters.
backdoor: Indicates that the route is a backdoor route.

Command

BGP configuration mode

Mode
Usage Guide

The core routing table must contain same IGP (or static and directly connected) routes.

Configuration Example



Configuring a BGP Alliance

Scenario
Figure 1- 7

Configuration



Configure BGP on A and B, set the AS number to 65,536 and configure an IBGP neighborship.

Steps



Configure BGP on C and D, set the AS number to 65,537 and configure an IBGP neighborship.
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Configure BGP on ASBR1 and E, set the AS number to 65,538 and configure an IBGP neighborship.



Configure an alliance ID 100 on A, B, C, D, E and ASBR1.



Configure the alliance member 65,537 on A, configure C as an EBGP neighbor, and set the peer AS number to
65,537.



Configure the alliance members 65,536 and 65,538 on C, configure A as an EBGP neighbor and set the peer AS
number to 65,536, configure ASBR1 as an EBGP neighbor and set the peer AS number to 65,538.



Configure the alliance members 65,537 on ASBR1, configure C as an EBGP neighbor and set the peer AS number to
65,537, configure ASBR2 as an EBGP neighbor and set the peer AS number to 200.



Configure BGP on ASBR2 and set the AS number to 200; configure ASBR1 as an EBGP neighbor and set the peer AS
number to 100.

A

A# configure terminal
A(config)# interface loopback 0
A(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
A(config-if-Loopback 0)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet0/2)# ip address 192.168.2.1 255.255.255.0
A(config-if-GigabitEthernet 0/2)# exit
A(config)# router bgp 65536
A(config-router)# bgp confederation identifier 100
A(config-router)# bgp confederation peers 65537
A(config-router)# neighbor 10.1.1.2 remote-as 65536
A(config-router)# neighbor 10.1.1.2 update-source loopback 0
A(config-router)# neighbor 10.1.1.3 remote-as 65537
A(config-router)# neighbor 10.1.1.3 ebgp-multihop 2
A(config-router)# neighbor 10.1.1.3 update-source loopback 0
A(config-router)# network 192.168.1.0 mask 255.255.255.0

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet0/1)# ipaddress192.168.1.2255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
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B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.1 remote-as 65536
B(config-router)# neighbor 10.1.1.1 update-source loopback 0
C

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.3 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.3.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/2)# exit
C(config)# interface GigabitEthernet 0/3
C(config-if-GigabitEthernet 0/3)# ip address 192.168.4.3 255.255.255.0
C(config-if-GigabitEthernet 0/3)# exit
C(config)# router bgp 65537
C(config-router)# bgp confederation identifier 100
C(config-router)# bgp confederation peers 65536 65538
C(config-router)# neighbor 10.1.1.1 remote-as 65536
C(config-router)# neighbor 10.1.1.1 update-source loopback 0
C(config-router)# neighbor 10.1.1.1 ebgp-multihop 2
C(config-router)# neighbor 10.1.1.4 remote-as 65537
C(config-router)# neighbor 10.1.1.4 update-source loopback 0
C(config-router)# neighbor 10.1.1.5 remote-as 65538
C(config-router)# neighbor 10.1.1.5 update-source loopback 0
C(config-router)# neighbor 10.1.1.5 ebgp-multihop 2

D

D# configure terminal
D(config)# interface loopback 0
D(config-if-Loopback 0)# ip address 10.1.1.4 255.255.255.255
D(config-if-Loopback 0)# exit
D(config)# interface GigabitEthernet 0/1
D(config-if-GigabitEthernet0/1)# ipaddress 192.168.3.4 255.255.255.0
D(config-if-GigabitEthernet 0/1)# exit
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D(config)# router bgp 65537
D(config-router)# neighbor 10.1.1.3 remote-as 65537
D(config-router)# neighbor 10.1.1.3 update-source loopback 0
E

E# configure terminal
E(config)# interface loopback 0
E(config-if-Loopback 0)# ip address 10.1.1.6 255.255.255.255
E(config-if-Loopback 0)# exit
E(config)# interface GigabitEthernet 0/1
E(config-if-GigabitEthernet 0/1)# ip address 192.168.5.6 255.255.255.0
E(config-if-GigabitEthernet 0/1)# exit
E(config)# router bgp 65538
E(config-router)# neighbor 10.1.1.5 remote-as 65538
E(config-router)# neighbor 10.1.1.5 update-source loopback 0

ASBR1

ASBR1# configure terminal
ASBR1(config)# interface loopback 0
ASBR1(config-if-Loopback 0)# ip address 10.1.1.5 255.255.255.255
ASBR1(config-if-Loopback 0)# exit
ASBR1(config)# interface GigabitEthernet 0/1
ASBR1(config-if-GigabitEthernet 0/1)# ip address 192.168.5.5 255.255.255.0
ASBR1(config-if-GigabitEthernet 0/1)# exit
ASBR1(config)# interface GigabitEthernet 0/2
ASBR1(config-if-GigabitEthernet 0/2)# ip address 192.168.6.5 255.255.255.0
ASBR1(config-if-GigabitEthernet 0/2)# exit
ASBR1(config)# interface GigabitEthernet 0/3
ASBR1(config-if-GigabitEthernet 0/3)# ip address 192.168.4.5 255.255.255.0
ASBR1(config-if-GigabitEthernet 0/3)# exit
ASBR1(config)# router bgp 65538
ASBR1(config-router)# bgp confederation identifier 100
ASBR1(config-router)# bgp confederation peers 65537
ASBR1(config-router)# neighbor 10.1.1.3 remote-as 65537
ASBR1(config-router)# neighbor 10.1.1.3 update-source loopback 0
ASBR1(config-router)# neighbor 10.1.1.3 ebgp-multihop 2
ASBR1(config-router)# neighbor 10.1.1.6 remote-65538
ASBR1(config-router)# neighbor 10.1.1.6 update-source loopback 0
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ASBR1(config-router)# neighbor 192.168.6.7 remote-as 200
ASBR2

ASBR2# configure terminal
ASBR2(config)# interface GigabitEthernet 0/1
ASBR2(config-if-GigabitEthernet 0/1)# ip address 192.168.6.7 255.255.255.0
ASBR2(config-if-GigabitEthernet 0/1)# exit
ASBR2(config)# router bgp 200
ASBR2(config-router)# neighbor 192.168.6.5 remote-as 100
ASBR2(config-router)# network 192.168.6.0 mask 255.255.255.0

Verification

Run the show command to display the information.

A

A# show ip bgp summary
BGP router identifier 10.1.1.1, local AS number 65536
BGP table version is 1
1 BGP AS-PATH entries
0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

10.1.1.2

4

65536

3

3

1

0

000:00:05

0

10.1.1.3

4

65537

3

3

1

0

000:00:06

1

Total number of neighbors 1

A# show ip bgp
BGP table version is 1, local router ID is 10.1.1.1
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
* 192.168.6.0

Next Hop
192.168.6.7

Metric
0

LocPrf
100

Weight Path
0 (65537 65538) 200 i

Total number of prefixes 1
ASBR1
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BGP router identifier 10.1.1.5, local AS number 200
BGP table version is 2
2 BGP AS-PATH entries
0 BGP Community entries
2 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

10.1.1.3

4

65537

3

3

2

0

0 00:00:10

1

10.1.1.6

4

65538

3

3

2

0

000:00:08

0

192.168.6.7

4

200

3

3

2

0

000:00:05

1

Total number of neighbors 1

A# show ip bgp
BGP table version is 1, local router ID is 10.1.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

* 192.168.1.0

10.1.1.1

0

100

0 (65537 65536) i

*> 192.168.6.0

192.168.6.7

0

100

0 200 i

Total number of prefixes 1
ASBR2

A# show ip bgp summary
BGP router identifier 192.168.6.7, local AS number 200
BGP table version is 1
1 BGP AS-PATH entries
0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor
192.168.6.5
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V
4

AS MsgRcvd MsgSent
100

3

3

TblVer InQ OutQ Up/Down State/PfxRcd
1

0

0 00:00:05

1
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Totalnumber of neighbors 1

A# show ip bgp
BGP table version is 1, local router ID is 10.1.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
*> 192.168.1.0

Next Hop
192.168.6.5

Metric
0

LocPrf
100

Weight Path
0(6553765538)200i

Totalnumber of prefixes 1
Common Errors



No BGP alliance neighbor is configured.



Full mesh is not established within sub ASs of an alliance.

7.4.5 Configuring Multi-path Load Balancing of BGP

Configuration Effect



Implement multi-path load balancing for IBGP routes.



Support AS-PATH loosecomparison.

Notes



Routes learned from an IBGP neighbor must have the same priority (the router-ID does not need to be compared).

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Configuring BGP Load Balancing

(Mandatory) Perform this configuration in the BGP configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring AS-PATH Loose Comparison

(Optional)PerformthisconfigurationintheBGPconfigurationmode.Performthisconfigurationwhen loadbalancing needsto
be implemented for routes learned from different ASs.
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Verification



Run the show command to display BGP routing information.



Run the show command to display the core routing table information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring BGP Load Balancing

Command

maximum-paths { ebgp | ibgp } number

Parameter

number: Indicates the maximum number of equivalent paths, ranging from 1 to device capacity. If the value is 1,

Description

multi-path load balancing of IBGP will be disabled.

Command

BGP configuration mode

Mode
Usage Guide



-

Configuring AS-PATH Loose Comparison

Command

bgp bestpath as-path multipath-relax

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring Multi-path Load Balancing of IBGP
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Scenario
Figure 1- 8

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 8.

Steps



Establish IBGP neighborships between A and B and between A and C by using directly connected interfaces.



Establish EBGP neighborships between B and D and between C and E by using directly connected interfaces.



Re-distribute the same routes to D and E.



Configure IBGP load balancing on A and enable the AS-PATH loose comparison mode.

A

A# conf terminal
A(config)# interface fastEthernet 0/0
A(config-if-FastEthernet 0/0)# ip address 10.1.1.1 255.255.0.0
A(config-if-FastEthernet 0/0)# exit
A(config)# interface fastEthernet 0/1
A(config-if-FastEthernet 0/1)# ip address 10.2.1.1 255.255.0.0
A(config-if-FastEthernet 0/1)# exit
A(config)# ip route 10.3.0.0 255.255.0.0 10.1.1.2
A(config)# ip route 10.4.0.0 255.255.0.0 10.2.1.2
A(config)# router bgp 65530
A(config-router)# neighbor 10.1.1.2 remote-as 65530
A(config-router)# neighbor 10.2.1.2 remote-as 65530
A(config-router)# bgp maximum-paths ibgp 2
A(config-router)# bgp bestpath as-path multipath-relax

B

B# conf terminal
B(config)# interface fastEthernet 0/0
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B(config-if-FastEthernet 0/0)# ip address 10.1.1.2 255.255.0.0
B(config-if-FastEthernet 0/0)# exit
B(config)# interface fastEthernet 0/1
B(config-if-FastEthernet 0/1)# ip address 10.3.1.2 255.255.0.0
B(config-if-FastEthernet 0/1)# exit
B(config)# router bgp 65530
B(config-router)# neighbor 10.1.1.1 remote-as 65530
B(config-router)# neighbor 10.3.1.1 remote-as 65531
C

C# conf terminal
C(config)# interface fastEthernet 0/0
C(config-if-FastEthernet 0/0)# ip address 10.2.1.2 255.255.0.0
C(config-if-FastEthernet 0/0)# exit
C(config)# interface fastEthernet 0/1
C(config-if-FastEthernet 0/1)# ip address 10.4.1.2 255.255.0.0
C(config-if-FastEthernet 0/1)# exit
C(config)# router bgp 65530
C(config-router)# neighbor 10.2.1.1 remote-as 65530
C(config-router)# neighbor 10.4.1.1 remote-as 65532

D

D# conf terminal
D(config)# interface fastEthernet 0/0
D(config-if-FastEthernet 0/0)# ip address 10.3.1.1 255.255.0.0
D(config-if-FastEthernet 0/0)# exit
D(config)# interface loopback 1
D(config-if)#ip address 10.5.1.1 255.255.0.0
D(config-if-FastEthernet 0/1)# exit
D(config)# router bgp 65531
D(config-router)# neighbor 10.3.1.2 remote-as 65530
D(config-router)# redistribute connected

E

E# conf terminal
E(config)# interface fastEthernet 0/0
E(config-if-FastEthernet 0/0)# ip address 10.4.1.1 255.255.0.0
E(config-if-FastEthernet 0/0)# exit
E(config)# interface loopback 1
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E(config-if)#ip address 10.5.1.2 255.255.0.0
E(config-if-FastEthernet 0/1)# exit
E(config)# router bgp 65532
E(config-router)# neighbor 10.4.1.2 remote-as 65530
E(config-router)# redistribute connected

Verification

Run the show command to display the information.

A

A# show ip bgp summary
BGP router identifier 10.2.1.1, local AS number 65530
BGP table version is 9
2 BGP AS-PATH entries
0 BGP Community entries
3 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS

MsgRcvd

MsgSent

TblVer

InQ

OutQ

Up/Down

172.16.23.140

4

65530

29

25

8

0

0

00:18:48

2

172.16.23.141

4

65530

24

21

8

0

0

00:17:58

2

State/PfxRcd

A# show ip bgp
BGP table version is 9, local router ID is 10.2.1.1
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete

Network

Next Hop

Metric

LocPrf

Weight Path

*>i10.3.0.0/16

10.3.1.1

0

100

0 65531 ?

*>i10.4.0.0/16

10.4.1.1

0

100

0 65532 ?

*i10.5.0.0/16
*>i

10.3.1.1
10.4.1.1

0

100
0

100

0 65531 ?
0 65532 ?

Total number of prefixes 3
A# show ip bgp 10.5.0.0
BGP routing table entry for 10.5.0.0/16
Paths: (2 available, best #1, table Default-IP-Routing-Table)
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Not advertised toany peer
65532
10.4.1.1 from 10.2.1.2 (172.16.24.1)
Originincomplete,metric0,localpref100,valid,internal,multipath,best
Last update: Mon Mar 21 03:45:14 2011

65531
10.3.1.1 from 10.1.1.2 (172.16.25.1)
Originincomplete, metric0, localpref100,valid, internal,multipath
Last update: Mon Mar 21 03:45:14 2011

A# show ip route

Codes: C-connected,S-static,R-RIP,B-BGP
O - OSPF,IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su -IS-IS summary,L1-IS-IS level-1,L2- IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
C

10.1.0.0/16 is directly connected, FastEthernet 0/0

C

10.1.1.1/32 is local host.

C

10.2.0.0/16 is directly connected, FastEthernet 0/1

C

10.2.1.1/32 is local host.

S

10.3.0.0/16 [1/0]via10.1.1.2

S

10.4.0.0/16 [1/0]via10.2.1.2

B

10.5.0.0/16 [200/0] via 10.3.1.1, 00:27:56
[200/0] via 10.4.1.1, 00:27:56

Common Errors



The priorities of multi-hop BGP routes are different, which causes load balancing failure.

7.4.6 Configuring EBGP FRR

Configuration Effect
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Implement EBGP FRR.

Notes



(Optional) Configure a neighbor BFD session to implement fast link fault detection.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Configuring BGPFRR

(Mandatory) Perform this configuration in the BGP configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring a Neighbor BFD Session

(Optional) Perform this configuration in the BGP configuration mode.

Verification



Run the show command to display routing information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Configuring BGPFRR

Command

bgp fast-reroute

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
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as-number: Indicates the AS number of a BGP peer (group).
Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Creating a BFD Session to a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } fall-over bfd

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.

Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring EBGP FRR

Scenario
Figure 1- 9

Configuration



Enable BGP on all devices.

Steps



Configure the addresses of the directly connected interfaces on A, B and C to establish EBGP neighborships.



Configure a BFD session for the EBGP neighborship between B and C.



Configure FRR on C.

A

A# conf terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet0/2)# ip address 192.168.2.1 255.255.255.0
A(config-if-GigabitEthernet 0/2)# exit
A(config)# router bgp 100
A(config-router)# neighbor 192.168.1.2 remote-as 300
A(config-router)# neighbor 192.168.2.2 remote-as 200
A(config-router)# redistribute connect
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B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip address 192.168.3.1 255.255.255.0
B(config-if-GigabitEthernet0/1)#bfdinterval200min_rx200multiplier5
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet0/2)# ipaddress192.168.2.2255.255.255.0
B(config-if-GigabitEthernet 0/2)# exit
B(config)# router bgp 200
B(config-router)# neighbor 192.168.3.2 remote-as 300
B(config-router)# neighbor 192.168.3.2 fall-over bfd
B(config-router)# neighbor 192.168.2.1 remote-as 100
B(config-router)# redistribute connect

C

C# configure terminal
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.1.2 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface fastEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.3.2 255.255.0.0
C(config-if-GigabitEthernet0/2)#bfdinterval200min_rx200multiplier5
C(config-if-GigabitEthernet 0/2)# exit
C(config)# router bgp 300
C(config-router)# neighbor 192.168.1.1 remote-as 100
C(config-router)# neighbor 192.168.3.1 remote-as 200
C(config-router)# neighbor 192.168.3.1 fall-over bfd
C(config-router)# address-family ipv4 unicast
C(config-router-af)# bgp fast-reroute
C(config-router-af)# redistribute connect

Verification

Run the show command to display the information.

C

C# show ip bgp summary
BGP router identifier 10.10.10.10, local AS number 300
BGP table version is 12
4 BGP AS-PATH entries
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0 BGP Community entries
3 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

192.168.1.1

4

100

76

77

12

12

0 00:59:27

3

192.168.3.1

4

200

30

30

12

12

0 00:19:03

3

Total number of neighbors 2

C# show ip bgp
BGP table version is 12, local router ID is 10.10.10.10
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
* 192.168.1.0

Next Hop
192.168.3.1

Metric
0

192.168.1.1

0

*>

0.0.0.0

0

*b

192.168.3.1

0

192.168.1.1

* 192.168.3.0

192.168.3.1

Weight Path
0 200 ?

*

*> 192.168.2.0

LocPrf

0 100 ?
32768

?

0 200 ?
0

0

0 100 ?
0 200 ?

*

192.168.1.1

0

*>

0.0.0.0

0

0 100 200?
32768

?

Total number of prefixes 3
C# show ip bgp 192.168.2.0
BGP routing table entry for 192.168.2.0/24
Paths: (2 available, best #1, table Default-IP-Routing-Table)
Advertised to non peer-group peers:
192.168.1.1
200
192.168.3.1 from 192.168.3.1 (3.3.3.3)
Origin incomplete, metric 0, localpref 100, valid, external, best
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Last update: Tue Oct 5 00:26:52 1971

100
192.168.1.1 from 192.168.1.1 (44.44.44.44)
Origin incomplete, metric 0, localpref 100, valid, external, backup
Last update: Mon Oct 4 23:46:28 1971
C# show ip route

Cod es: C - connected, S - static, R - RIP,B - BGP
O - OSPF,IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su -IS-IS summary,L1-IS-IS level-1,L2- IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
C

192.168.1.0/24 is directly connected, GigabitEthernet 1/9

C

192.168.1.2/32 is local host.

B

192.168.2.0/24 [20/0] via 192.168.3.1, 00:21:39

C

192.168.3.0/24 is directly connected, GigabitEthernet 1/11

C

192.168.3.2/32 is local host.

Common Errors



No BFD session is configured for BGP neighbors.

7.4.7 Configuring Fast Withdrawal of Specified BGP Routes

Configuration Effect



Implement fast withdrawal of specified BGP routes.

Notes



Configure fast withdrawal of specified routes to preferentially advertise the withdrawal of specified routes.

Configuration Steps




Enabling BGP

(Mandatory) Perform this configuration in global configuration mode.



Creating a BGP Neighbor
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(Mandatory) Perform this configuration in BGP configuration mode.




Configuring Fast Withdrawal of Specified BGP Routes

(Mandatory) Perform this configuration in BGP configuration mode.

Verification



Run the show command to display the configurations.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number.The value ranges from 1 to 4,294,967,295, which is 1 to 65535.65535 in dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring Fast Withdrawal of Specified BGP Routes

Command

bgp fast-withdraw { access-list { access-list-number | access-list-name } | prefix-list prefix-list-name | route-map
map-tag }

Parameter

access-list-number: Indicates the ACL number. The value ranges from 1 to 199 and 1300 to 2699.

Description

access-list-name: Indicates an ACL name.
prefix-list-name: Indicates the name of a prefix list.
map-tag: Indicates the name of a route map.
BGP configuration mode

Command
Mode
Usage Guide



N/A

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group). The value ranges from 1 to 4,294,967,295.

Command

BGP configuration mode

Mode
Usage Guide

The AS number specified for a peer (group) must be thesame as the BGP AS number of a BGP speaker at the peer end.

Configuration Example



Configuring Fast Withdrawal of Specified BGP Routes
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Scenario
Figure 1- 10

Configuration



Enable BGP on all devices.

Steps



Establish a BGP neighbor relationship between Routers A and B.



Configure ACLs on Router A.



Configure fast withdrawal of specified routes on Router A.

A

A# conf terminal

Verification

Run the show command to display the configurations.

A

A#show run router bgp

7.4.8 Configuring Local ASs

Configuration Effect



Smoothly migrate the network configurations of router A from AS 23 to AS 3600.

Notes
N/A
Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring the Local AS for a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.

Verification



Run the show command to display the information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.

www.fs.com

1162

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

instance-name: Instance name of 1 to 32 characters.
Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the Local AS for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } local-as as-number [ no-prepend [ replace-as [ dual-as ] ] ]

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number:IndicatesalocalASnumber,rangingfrom1to4,294,967,295, whichis1to65535.65535inthedot mode.
no-prepend: Does not add the local AS to theAS-PATHinthe routing information receivedby a peer.This option isnot
available by default.
replace-as: For the AS-PATH in the routing information sent by a peer, the local AS is used to replace the BGP AS. This
option is not available by default.
dual-as: Enables a peer to use the BGP AS or Local AS to establish a BGP connection witha device.This option is not
available by default.

Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring BGPLocal-AS

Scenario
Figure 1- 12
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Configuration



Create an EBGP neighborship with B on A and specify the Local-AS for the EBGP neighborship.

Steps



Create an EBGP neighborship for connecting to A on B.

A

A# configure terminal
A(config)# router bgp 3600
A(config-router)# neighbor 57.50.1.1 remote-as 5750
A(config-router)# neighbor 57.50.1.1 update-source loopback 0
A(config-router)# neighbor 57.50.1.1 ebgp-multihop 255
A(config-router)# neighbor 57.50.1.1 local-as 23 no-prepend replace-as dual-as

B

B# configure terminal
B(config)# router bgp 5750
B(config-router)# neighbor 36.0.1.1 remote-as 23
B(config-router)# neighbor 36.0.1.1 update-source loopback 0
B(config-router)# neighbor 36.0.1.1 ebgp-multihop 255

Verification

Run the show command to display the BGP neighbor status.

A

A# show ip bgp neighbors 57.50.1.1
BGP neighbor is 57.50.1.1, remote AS 5750, local AS 23(using Peer's Local AS,no-prepend, replace-as, dual-as),external
link
BGP version 4, remote router ID 0.0.0.0
BGP state = Idle
Last read, hold time is 180, keepalive interval is 60 seconds
Received 0 messages, 0 notifications, 0 in queue
open message:0 update message:0 keepalive message:0
refresh message:0 dynamic cap:0 notifications:0
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Sent 0 messages, 0 notifications, 0 in queue

7.4.9 Configuring BGP GR

Configuration Effect



Configure BGP GR to implement network deployment with high reliability.

Notes



To successfully deploy the BGP GR function, you need to use a neighbor device as the GR Helper.



In an BGP environment, you also need to configure IGP GR.



After BGP GR is enabled, you need to reset a BGP neighbor connection to make it take effect.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Configuring a BGP GR Timer

(Optional) Perform this configuration in the BGP configuration mode.




Configuring BGPGR

Perform this configuration in the BGP configuration mode, which is configured by default.




Enabling BGP

Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.

Verification



Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Configuring BGPGR

Command

bgp graceful-restart

Parameter

-

Description
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Command

BGP configuration mode

Mode
Usage Guide



-

Configuring the BGP GR Restart Timer

Command

bgp graceful-restart restart-time restart-time

Parameter

restart-time: Indicates the maximum waiting time that the GR Restarter hopes the GR Helper to wait before a new

Description

connection is created, ranging from 1 to 3600 seconds.

Command

BGP configuration mode

Mode
Usage Guide



-

Configuring the BGP GR Route Stale Timer

Command

bgp graceful-restart stalepath-time time

Parameter

time: Indicates the maximum time that a stale route keeps valid after the connection with a neighbor GR device is

Description

recovered, ranging from 1 to 3600 seconds.

Command

BGP configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide

The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuration Example



Configuring BGPGR
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Scenario
Figure 1- 13

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 13.

Steps



Configure a loopback interface on R2, R3, and R4 and create an IBGP neighborship based on the loopback interface.



Create an EBGP neighborship by using the directly connected interfaces on R1 and R2.



Enable BGP GR on R1, R2, R3, and R4.

R1

R1# configure terminal
R1(config-router)# exit
R1(config)# router bgp 100
R1(config-router)# bgp graceful-restart

R2

R2# configure terminal
R2(config)# router ospf 1
R2(config-router)# graceful-restart
R2(config-router)# exit
R2(config)# router bgp 100
R2(config-router)# bgp graceful-restart

R3

R3# configure terminal
R3(config)# router ospf 1
R3(config-router)# graceful-restart
R3(config-router)# exit
R3(config)# router bgp 100
R3(config-router)# bgp graceful-restart

R4

R4# configure terminal
R4(config)# router ospf 1
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R4(config-router)# graceful-restart
R4(config-router)# exit
R4(config)# router bgp 100
R4(config-router)# bgp graceful-restart

Verification

Run the show command to display the BGP neighbor status.

R2

R2# show ip ospf
Routing Process "ospf 1" with ID 10.0.0.2
Process uptime is 4 minutes
Process bound to VRF default
Conforms to RFC2328, and RFC1583Compatibility flag isenabled
Supports only single TOS(TOS0) routes
Supports opaque LSA
Thisrouter isan ASBR (injecting external routing information)
SPF schedule delay 5 secs, Hold time between two SPFs 10 secs
LsaGroupPacing: 240 secs
Numberof incommingcurrent DDexchange neighbors0/5
Number of outgoing current DD exchange neighbors 0/5
Number of external LSA 4. Checksum 0x0278E0
Number of opaque AS LSA 0. Checksum 0x000000
Number of non-default external LSA 4
External LSA database is unlimited.
Number of LSA originated 6
Number of LSA received 2
Log Neighbor Adjency Changes : Enabled
Graceful-restart enabled
Graceful-restarthelpersupport enabled
Numberof areas attached tothis router: 1
Area 0(BACKBONE)
······

R2# show ip bgp neighbors
BGP neighbor is 192.168.195.183, remote AS 200, local AS 100, external link
Using BFD to detect fast fallover - BFD session state up
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BGP version 4, remote router ID 10.0.0.1
BGP state = Established, up for 00:06:37
Last read 00:06:37, hold time is 180, keepalive interval is 60 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Graceful restart: advertised and received
Remote Restart timer is 120 seconds
Address families preserved by peer:
None
······
Common Errors



GR is not enabled for IGP.



GR is not enabled for a BGP neighbor device.

7.4.10 Configuring a BGP IPv6 Address Family

Configuration Effect



Configure BGP IPv6 routes to implement IPv6 network access in different ASs.

Notes



Generally, BGP uses IPv6 addresses to create neighborships and implement exchange of IPv6 routes.



In special scenarios (such as the 6PE function, see the MPLS-L3VPN-SCG.doc), BGP supports exchange ofIPv6 routes on the
neighbors with IPv4addresses.



Configurations related to BGP IPv6 services must be configured in the BGP IPv6 address family mode.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Configuring the BGP IPv4 Address Family Mode

(Optional) Perform this configuration in the BGP configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Disabling the IPv4 Address Family Capability for a BGP Neighbor

(Optional) Perform this configuration in the BGP IPv6 configuration mode.
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(Mandatory) Perform this configuration in the BGP configuration mode.




Configuring the IPv6 Address Family Capability for a BGP Neighbor

(Mandatory) Perform this configuration in the BGP IPv6 configuration mode.




Configuring the BGP IPv6 Address Family Mode

Configuring IPv6 Route Advertisement in BGP

(Optional) Perform this configuration in the BGP IPv6 configuration mode.

Verification



Run the show command to display the neighbor status.



Run the show command to display the routing status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Indicates the address of a peer, which is usually an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the BGP IPv4 Address Family Mode

Command

address-family ipv4 unicast

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Disabling the IPv4 Address Family Capability for a BGP Neighbor

Command

no neighbor { neighbor-address | peer-group-name } activate { ipv4 | ipv6 }

Parameter

neighbor-address: Indicates the address of a peer, which is usually an IPv6 address.
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Description

peer-group-name: Specifies the name of a peer group.
ipv4: Activate only IPv4 neighbors in the peer group
ipv6: Activate only IPv6neighbors in thepeer group

Command

BGP IPv4 address family mode

Mode
Usage Guide

NeighborswithIPv6 addressesareusedtoexchangeIPv6 routes.However,when aneighbor isconfiguredintheBGP
mode, BGP automatically activates the IPv4 unicast address family capability for the neighbor. Therefore, you are advised
to manually disable the IPv4 unicast address family capability.



Configuring the BGP IPv6 Address Family Mode

Command

address-family ipv6 unicast

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Configuring the IPv6 Address Family Capability for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } activate { ipv4 | ipv6 }

Parameter

neighbor-address: Indicates the address of a peer, which is usually an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
ipv4: Activate only IPv4 neighbors in the peer group
ipv6: Activate only IPv6 neighbors in the peer group

Command

BGP IPv6 address family mode

Mode
Usage Guide



-

Configuring IPv6 Route Advertisement in BGP

Command

network network-number [ mask mask ] [ route-map map-tag ] [ backdoor ]

Parameter

network-number: Indicates the network number.

Description

mask: Indicates the subnet mask.
map-tag: Indicates the name of a route map, consisting of no more than 32 characters.
backdoor: Indicates that the route is a backdoor route.

Command

BGP IPv6 address family mode

Mode
Usage Guide

-

Configuration Example



Configuring BGP to Implement IPv6 Route Exchange in Different ASs
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Scenario
Figure 1- 14

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 14.

Steps



Configure a BGP neighbor, disable the IPv4 address family capability for the neighbor and activate the IPv6 address
family capability.


A

Configure IPv6 route advertisement in BGP.

A# configure terminal
A(config)#intloopback0
A(config-if-Loopback)# ipv6 address 30::1/128
A(config-if-Loopback)# exit
A(config)# router bgp 65530
A(config-router)# neighbor 100::1 remote-as 65531
A(config-router)# address-familyipv4
A(config-router-af)# no neighbor 100::1 activate
A(config-router-af)# exit-address-family
A(config-router)# address-familyipv6
A(config-router-af)# neighbor 100::1 activate
A(config-router-af)# network 30::1/128

B

B# configure terminal
B(config)# router bgp 65531
B(config-router)# neighbor 100::2 remote-as 65530
B(config-router)# address-familyipv4
B(config-router-af)# no neighbor 100::2 activate
B(config-router-af)# exit-address-family
B(config-router)# address-familyipv6
B(config-router-af)# neighbor 100::2 activate

Verification

Run the show command to display the BGP neighbor status.

A

A# show bgp ipv6 unicast summary
BGP router identifier 1.1.1.1, local AS number 65530
BGP table version is 1
1 BGP AS-PATH entries
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0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor
100::1

V

AS MsgRcvd MsgSent

4

65531

4

TblVer InQ OutQ Up/Down State/PfxRcd

6

1

0

000:01:49

0

Total number of neighbors 1
B

Run the show command to display BGP routing information.
B# show bgp ipv6 unicast
BGP table version is 4, local router ID is 2.2.2.2
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
*> 30::1/128

Next Hop
100::2

Metric

LocPrf

Weight Path

0

065530i

Total number of prefixes 1
Common Errors



The IPv6 address family capability is not activated for BGP neighbors.



In non-6PE scenarios, IPv4 addresses are used to establish IPv6 routes for exchange between neighbors.

7.4.11 ConfiguringaBGP EVPN

Configuration Effect



Configure BGP protocol to use RR in the VXLAN scenario for L2VPN EVPN deployment.

Notes



By default, the BGP routing mode is located in the IPv4 unicast address family and a BGP EVPN must be configured in L2VPN
EVPN address family mode.

Configuration Steps



Enabling BGP



(Mandatory) Perform this configuration in global configuration mode.



Creating a BGP Neighbor



(Mandatory) Perform this configuration in BGP configuration mode.
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Activating the EVPN Capability for a BGP Neighbor



(Mandatory) Perform this configuration in BGP L2VPN EVPN address family mode.



Creating an EVI Instance



(Mandatory) Perform this configuration in EVPN configuration mode.



Creating EVI Instances in Batch



(Optional) Perform this configuration in EVPN configuration mode.



Creating RD



(Mandatory) Perform this configuration in EVPN-VNI configuration mode.



Creating Route Target



(Mandatory) Perform this configuration in EVPN-VNI configuration mode.



Configuring Route Map for EVI Instance



(Optional) Perform this configuration in EVPN-VNI address family mode.



Configuring MAC Mobility Parameters



(Optional) Perform this configuration in BGP L2VPN EVPNconfiguration mode.

Verification



Run the show command to display the information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group, consisting of no more than 32 characters.
as-number: Indicates the AS number of a BGP peer (group).
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Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Entering the L2VPN EVPN Address Family

Command

address-family l2vpn evpn

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Activating the EVPN Capability for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } activate { ipv4 | ipv6 }

Parameter

neighbor-address: Specifies the address of a peer. This address must be an IPv4 address.

Description

peer-group-name: Specifies the name of a peer group, consisting of no more than 32 characters.
ipv4: Activate only IPv4 neighbors in the peer group
ipv6: Activate only IPv6neighbors in thepeer group

Command

BGP L2VPN EVPN address family mode

Mode
Usage Guide



-

Creating an EVI Instance

Command

vni vni-id

Parameter

vni-id: indicates the VNI ID. Ranges from 1 to 16777215.

Description
Command

EVPN configuration mode

Mode
Usage Guide



After VNI configuration is completed, related RD/RT needs to be configured.

Creating EVI Instances in Batches

Command

vni range vni-id-list

Parameter

vni-id-list: Specifies the name of a VNI ID list.

Description
Command

EVPN configuration mode

Mode
Usage Guide

The configurationfails if the number of configuredVNI instancesexceeds thecapacity or aVNI instanceis being deleted.
The RD values of different VNI instances must be different. Therefore, only the automatic RD configuration mode is
available for configuring VNI instances in batches, and VNI instances cannot be configured manually.
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Configuring an RD

Command

rd { auto | rd_value }

Parameter

auto: Generates an RD value automatically.

Description

rd_value:Specifiesthevalueof anRD.
The parameter rd_value has three forms:
(1) rd_value = as_num:nn
as_num indicates the 2-byte public AS number. nn is user-defined and ranges from 0 to 4294967295.
(2) rd_value = ip_addr:nn
ip_add refers to the global IP address. nn is user-defined and ranges from 0 to 65535.
(3) rd_value = as4_num:nn
as4_numindicatesthe4-bytepublicASnumber.nnisuser-defined andrangesfrom1to65535.
The 4-byte AS number ranges from 1 to 4294967295, which is 1 to 65535.65535 in dot mode.

Command

EVPN VNI configuration mode

Mode
Usage Guide

If an EVI is defined and has an RD value configured, the RD value cannot be modified. Tomodify it, you need to delete the
EVI first, and then define the EVI again and configure a new RD value for it.
One EVI has only one RD value.
The RD value of the 4-byte AS is in the format of AS4:NN. AS4 can be expressed in decimal or dot mode. AS4
ranges from 1 to 4294967295, which is 1 to 65535.65535 in dot mode. NN ranges from 1 to 65535.
The AS number in the range of 1 to 65535 is displayed the same in both decimal mode and dot mode. Therefore,
save the AS number in the range of 1 to 65535 as a 2-byte AS number.



Configuring a Route Target

Command

route-target { import | export | both } { auto | rt_value }

Parameter

import: Specifies the import RT value.

Description

export: Specifies the export RT value.
both: Specifies the import and export RT values.
auto: Generates an RT value automatically.
rt_value: Specifies the value of an RT.
The parameter rt_value has three forms:
(1) rt_value = as_num:nn
as_num indicates the 2-byte public AS number. nn is user-defined and ranges from 0 to 4294967295.
(2) rt_value = ip_addr:nn
ip_add refers to the global IP address. nn is user-defined and ranges from 0 to 65535.
(3) rt_value = as4_num:nn
as4_numindicatesthe4-bytepublicASnumber.nnisuser-defined andrangesfrom1to65535.
The 4-byte AS number ranges from 1 to 4294967295, which is 1 to 65535.65535 in dot mode.

Command

EVPN VNI configuration mode

Mode
Usage Guide

One EVI supports multiple import and export RT values.
TheautomaticallygeneratedRTvalueisintheformatof AS2:nn.AS2indicatesthe2-byteASnumber.Ifa4-byteAS
number is used, it is split, and a two 2-byte part is filled in the position for nn while the other 2-byte part is filled in
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thepositionfor the RT value. nn indicates theVNI ID.There are four bytes of space providedfor accommodating the
3-byte VNI ID.
If the BGP AS number changes, the automatically-generated RT value will also be changed.
If the manually configured RT value is consistent with the automatically generated one, both of them are displayed.
If the automatically generated RT value is 100:1, it is directly deleted. Deleting this value does not cancel the auto
configuration mode. Tocancel the auto configuration mode, run the no form of the route-target auto command.



Configuring a Route Map for EVI Instances

Command

export map routemap-name

Parameter

routemap-name: Specifies the name of a route map.

Description
Command

EVPN VNI configuration mode

Mode
Usage Guide

This command is used to modify the extended community attribute advertised by a type 5 route converted from a local
EVPN route or IP route.
This command supports only one route map, and the old configuration is overwritten by the new configuration.

Command

import map routemap-name

Parameter

routemap-name: Specifies the name of a route map.

Description
Command

EVPN VNI configuration mode

Mode
Usage Guide

This command is used to filter the remote EVPN routes to be imported to the local VNI instance, or modify the attribute of
the remote EVPN routes imported to the local VNI instance.
This command supports only one route map, and the old configuration is overwritten by the new configuration.



Configuring MAC Mobility Parameters

Command

bgp mac-mobility timer count

Parameter

timer: Specifies the timer duration (in seconds) for MAC mobility detection. If a number of count MAC address moves are

Description

detected within the duration, it is considered that a MAC conflict occurs and syslogs are displayed to warn users. The
value is 180 by default and ranges from 1 to 3600.
count: Specifies the detection times. The value is 5 by default and ranges from 1 to 360.

Command

BGP L2VPN EVPN address family mode

Mode
Usage Guide

One MAC address may move for many times. When a MAC address move is detected by a PE through local learning, a
timer of timer seconds (default value = 180s) will be enabled. If a number of count (default value = 5) MAC address moves
are detected before the timer times out, it is considered that a MAC conflict occurs.

Configuration Example



Configuring a BGP EVPN Address Family
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Scenario Figure
7-14

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1-14.

Steps



Configure BGP neighborships as shown in Figure 1-14.



Activate the L2VPN EVPN address family capability for BGP neighbors.

A

A# config terminal
A(config)# interface gigabitEthernet 0/1
A(config-GigabitEthernet 0/1)# no shutdown
A(config-GigabitEthernet0/1)# ipaddress 172.18.2.1255.255.255.0
A(config-GigabitEthernet 0/1)# exit
A(config)# interface gigabitEthernet 0/2
A(config-GigabitEthernet 0/1)# no shutdown
A(config-GigabitEthernet0/1)# ipaddress 172.18.1.1255.255.255.0
A(config-GigabitEthernet 0/1)# exit
A(config)# router bgp 100
A(config-router)# neighbor 172.18.2.3 remote-as 100
A(config-router)# neighbor 172.18.1.2 remote-as 100
A(config-router)# address-family l2vpn evpn
A(config-router-af)# neighbor 172.18.2.3 activate
A(config-router-af)# neighbor 172.18.1.2 activate
A(config-router-af)# neighbor 172.18.2.3 route-reflector-client
A(config-router-af)# neighbor 172.18.1.2 route-reflector-client
A(config-router-af)# exit-address-family
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B

B# config terminal
B(config)# evpn
B(config-evpn)# vni 100
B(config-evpn-vni)# rd auto
B(config-evpn-vni)# route-target both auto
B(config-evpn-vni)# exit
B(config-evpn)# exit
B(config)# interface gigabitEthernet 0/1
B(config-GigabitEthernet 0/1)# no shutdown
B(config-GigabitEthernet 0/1)# ip address 172.18.2.3 255.255.255.0
B(config-GigabitEthernet 0/1)# exit
B(config)# router bgp 100
B(config-router)# neighbor 172.18.2.1 remote-as 100
B(config-router)# address-family l2vpn evpn
B(config-router-af)# neighobr 172.18.2.1 activate
B(config-router-af)# exit-address-family

C

The same as that for B.

Verification

Run the show command to display the information.

A

A#shbgp l2vpn evpn allsummary
For address family: L2VPN EVPN
BGP router identifier 3.3.3.3, local AS number 100
BGP table version is 51
1 BGP AS-PATH entries
0 BGP Community entries
6 BGP Prefix entries (Maximum-prefix:4294967295)
Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

172.18.2.3

4

100

1993

2033

49

0

0 1d04h40m

172.18.1.2

4

100

619

623

51

0

008:47:26

3
3

Total number of neighbors 2
A#sh bgp l2vpn evpn all
BGP table version is 51, local router ID is 3.3.3.3
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete
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Network

Next Hop

Metric

LocPrf

Weight Path

Route Distinguisher: 1.1.1.1:100
*>i2:0:48:0011.2233.2016:0:0.0.0.0/128
1.1.1.1

0

100

0

i

0

100

0

i

*>i2:0:48:0011.2233.2016:32:100.1.1.2/128
1.1.1.1
*>i3:0:32:1.1.1.1/72 1.1.1.1

0

100

0

i

Total number of prefixes 3
Route Distinguisher: 2.2.2.2:100
*>i2:0:48:00d0.f822.33df:0:0.0.0.0/128
2.2.2.2

0

100

0

i

0

100

0

i

*>i2:0:48:00d0.f822.33df:32:100.1.1.1/128
2.2.2.2
*>i3:0:32:2.2.2.2/72 2.2.2.2

0

100

0

i

Total number of prefixes 3
B

B#sh bgp l2vpn evpn all summary
For address family: L2VPN EVPN
BGP router identifier 1.1.1.1, local AS number 100
BGP table version is 16
1 BGP AS-PATH entries
0 BGP Community entries
6 BGP Prefix entries (Maximum-prefix:4294967295)
Neighbor
172.18.2.1

V

AS MsgRcvd MsgSent

4

100

639

625

TblVer InQ OutQ Up/Down State/PfxRcd
16

0

008:55:10

3

Total number of neighbors 1
B#sh bgp l2vpn evpn all
BGP table version is 16, local router ID is 1.1.1.1
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete
Network

Next Hop

Metric

LocPrf

Weight Path

Route Distinguisher: 1.1.1.1:100 (Default for EVI 100)
*> 2:0:48:0011.2233.2016:0:0.0.0.0/128
0.0.0.0

32768

i

0

i

32768

i

*>i2:0:48:00d0.f822.33df:0:0.0.0.0/128
2.2.2.2

0

100

*> 2:0:48:0011.2233.2016:32:100.1.1.2/128
0.0.0.0
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*>i2:0:48:00d0.f822.33df:32:100.1.1.1/128
2.2.2.2

0

100

*> 3:0:32:1.1.1.1/72 0.0.0.0
*>i3:0:32:2.2.2.2/72 2.2.2.2

0

i

32768
0

100

0

i
i

Total number of prefixes 6

Common Errors



No L2VPN EVPN address family neighbor is configured.



No VXLAN network is configured.



The EVPN address family capability is not activated for BGP neighbors.

7.4.12 Configuring Interconnection with Devices Supporting Only 2-Byte AS Numbers

Configuration Effect



Successfully interconnect devices supporting 4-byte AS numbers with devices supporting only 2-byte AS numbers.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring the Display Mode of a 4-Byte AS Number

(Optional)PerformthisconfigurationintheBGPconfigurationmode.Bydefault,a4-byteASnumberisdisplayedasdecimal
digits.

Verification



Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-numbe r[ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide
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Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the Display Mode of a BGP 4-Byte AS Number

Command

bgp asnotation dot

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring Compatibility Between BGP Devices Supporting 4-Byte AS Numbers and 2-Byte AS Numbers

Scenario
Figure 1- 18

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 18.

Steps



Configure BGP neighborships.

A

A# configure terminal
A(config)# router bgp 64496
A(config-router)# neighbor 172.18.1.2 remote-as 64497
A(config-router)# neighbor 172.18.2.3 remote-as 23456

B
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B(config)# router bgp 64497
B(config-router)# neighbor 172.18.1.1 remote-as 64496
B(config-router)# neighbor 172.18.3.3 remote-as 1.2
B(config-router)# bgp asnotation dot
B(config-router)# end
C

C# configure terminal
C(config)# router bgp 1.2
C(config-router)# neighbor 172.18.2.1 remote-as 64496
C(config-router)# neighbor 172.18.3.2 remote-as 64497

Verification

Run the show command to display the BGP neighbor status.

A

A# show ip bgp summary

BGP router identifier 172.18.1.1, local AS number 64496
BGP table version is 1, main routing table version 1

Neighbor

B

V

AS

MsgRcvd

MsgSent

TblVer

InQ

OutQ

Up/Down

172.18.1.2

4

64497

7

7

1

0

0

00:03:04

0

172.18.2.3

4

23456

4

4

1

0

0

00:00:15

0

Statd

B# show ip bgp summary

BGP router identifier 172.18.3.2, local AS number 64497
BGP table version is 1, main routing table version 1

Neighbor

V

AS

172.18.1.1

4

64496

172.18.3.2

4

1.2

MsgRcvd
7
4

MsgSent
7
4

TblVer
1

1

InQ
0
0

OutQ
0
0

Up/Down
00:00:04
00:00:16

Statd

0
0

Common Errors
N/A
7.4.13 UsingLocalIPv6LinkAddressestoEstablishBGPNeighborships

Configuration Effect



Use local IPv6 link addresses to establish BGP neighborships.

Notes
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Local IPv6 link addresses can be used for establishing only single-hop BGP neighborships.



When local IPv6 link addresses are used for establishing neighborships, local IPv6 link addresses must be configured in
address%interface name format, for example, neighbor fe80::1%Te0/1 remote-as 100.



When local IPv6 link addresses are used for establishing neighborships, using local IPv6 link addresses as information sources
must be specified on the peer end.



When local IPv6 link addresses are used for establishing neighborships, local IPv6 link addresses must be configured on both
ends.

Configuration Steps




(Mandatory) Perform this configuration in the global configuration mode.




Configuring the IPv6 Address Family Capability for a BGP Neighbor

(Mandatory) Perform this configuration in the BGP IPv6 configuration mode.




Configuring the BGP IPv6 Address Family Mode

(Mandatory) Perform this configuration in the BGP configuration mode.




Disabling the IPv4 Address Family Capability for a BGP Neighbor

(Optional) Perform this configuration in the BGP IPv6 configuration mode.




Configuring the BGP IPv4 Address Family Mode

(Optional) Perform this configuration in the BGP configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in the BGP configuration mode.




Enabling BGP

Configuring IPv6 Route Advertisement in BGP

(Optional) Perform this configuration in the BGP IPv6 configuration mode.

Verification



Run the show command to display the neighbor status.



Run the show command to display the routing status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in the dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.
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Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor neighbor-address remote-as as-number

Parameter

neighbor-address: Indicates the peer address, which must be in Linklocal address%interface name format.

Description
Command

as-number: Indicates the AS number of a BGP peer (group).
BGP configuration mode

Mode
Usage Guide



The AS specified for a peer must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the BGP IPv4 Address Family Mode

Command

address-family ipv4 unicast

Parameter

-

Description
Command

BGP configuration mode

Mode
Usage Guide



-

Disabling the IPv4 Address Family Capability for a BGP Neighbor

Command

no neighbor neighbor-address activate

Parameter

neighbor-address: Indicates the address of a peer, which is usually an IPv6 address.

Description
Command

BGP IPv4 address family mode

Mode
Usage Guide

NeighborswithIPv6 addressesareusedtoexchangeIPv6 routes.However,when aneighbor isconfiguredintheBGP
mode, BGP automatically activates the IPv4 unicast address family capability for the neighbor. Therefore, you are advised
to manually disable the IPv4 unicast address family capability.



Configuring the BGP IPv6 Address Family Mode

Command

address-family ipv6 unicast

Parameter

-

Description
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Command

BGP configuration mode

Mode
Usage Guide



-

Configuring the IPv6 Address Family Capability for a BGP Neighbor

Command

neighbor neighbor-address activate

Parameter

neighbor-address: Indicates the address of a peer, which is usually an IPv6 address.

Description
Command

BGP IPv6 address family mode

Mode
Usage Guide



-

Configuring IPv6 Route Advertisement in BGP

Command

network network-number [ mask mask ] [ route-map map-tag ] [ backdoor ]

Parameter

network-number: Indicates the network number.

Description

mask: Indicates the subnet mask.
map-tag: Indicates the name of a route map, consisting of no more than 32 characters.
backdoor: Indicates that the route is a backdoor route.

Command

BGP IPv6 address family mode

Mode
Usage Guide

-

Configuration Example



Using a Local IPv6 Link Address for Configuring a BGP Neighborship to Implement IPv6 Route Exchange in Different
ASs

Scenario
Figure 1- 19

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1- 19.

Steps



Configurea BGP neighbor, specifythe update-source,disable theIPv4 addressfamily capabilityfor theneighbor
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and activate the IPv6 address family capability.


A

Configure IPv6 route advertisement in BGP.

A# configure terminal
A(config)#intloopback0
A(config-if-Loopback)# ipv6 address 30::1/128
A(config-if-Loopback)# exit
A(config)# int GigabitEthernet 0/1
A(config-if-Loopback)#ipv6address fe80:100::2/64
A(config-if-Loopback)# exit
A(config)# router bgp 65530
A(config-router)# neighbor fe80:100::1%Gi0/1 remote-as 65531
A(config-router)# address-family ipv4
A(config-router-af)# no neighbor fe80:100::1%Gi0/1 activate
A(config-router-af)# exit-address-family
A(config-router)# address-family ipv6
A(config-router-af)# neighbor fe80:100::1%Gi0/1 activate
A(config-router-af)# network 30::1/128

B

B# configure terminal
B(config)# int GigabitEthernet 0/1
B(config-if-Loopback)# ipv6 address fe80:100::1/64
B(config-if-Loopback)# exit
B(config)# router bgp 65531
B(config-router)# neighbor fe80:100::2%Gi0/1 remote-as 65530
B(config-router)# address-familyipv4
B(config-router-af)# no neighbor fe80:100::2%Gi0/1 activate
B(config-router-af)# exit-address-family
B(config-router)# address-family ipv6
B(config-router-af)# neighbor fe80:100::2%Gi0/1 activate

Verification
A

Run the show command to display the BGP neighbor status.
A# show bgp ipv6 unicast summary
BGP router identifier 1.1.1.1, local AS number 65530
BGP table version is 1
1 BGP AS-PATH entries
0 BGP Community entries
1 BGP Prefix entries (Maximum-prefix:4294967295)
Neighbor
fe80:100::1%Gi0/1

V
4

AS MsgRcvd MsgSent
65531

4

6

TblVer InQ OutQ Up/Down State/PfxRcd
1

0

000:01:49

0

Total number of neighbors 1
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Run the show command to display BGP routing information.

B

B# show bgp ipv6 unicast
BGP table version is 4, local router ID is 2.2.2.2
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry
Origin codes: i - IGP, e - EGP, ? - incomplete
Network

Next Hop

*> 30::1/128

fe80:100::2

Metric

LocPrf

0

Weight Path
0 65530 i

Totalnumber of prefixes 1
Common Errors



Whenaneighborshipisconfigured,alocalIPv6linkaddressisusedtospecifytheneighborship;however,noupdatesourceis
specified as the interface for this local IPv6 link address during local configuration.



Only one end uses a local IPv6 link address for establishing a neighborship.

7.4.14 ConfiguringBGPTracking

Configuration Effect



Configure the BGP tracking function to ensure fast route convergence.

Notes
N/A
Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling BGP

Configuring the Tracking Function for BGP Neighbors

(Mandatory) Perform this configuration in BGP configuration mode.

Verification



Run the show command to display the information.

Related Commands



Enabling BGP

Command
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Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the Tracking Function for BGP Neighbors

Command

neighbor { neighbor-address | peer-group-name } track track-obj-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
track-obj-number: Specifies the number of the tracked object.

Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring BGPTracking

Scenario
Figure 1- 20

Configuration



Establish an EBGP neighborship between routers A and B.

Steps



Configure the loopback interface (2.2.2.2/32) on A for tracking B.

A

A# configure terminal
A(config)# ip rns 1
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A(config-ip-rns)#icmp-echo 2.2.2.2
A(config-ip-rns-icmp-echo)#timeout 6000
A(config-ip-rns-icmp-echo)#frequency 10000
A(config-ip-rns-icmp-echo)#exit
A(config)#iprnsschedule 1start-timenow lifeforever
A(config)# track 3 rns 1
A(config)# router bgp 3600
A(config-router)# neighbor 192.168.182.34 remote-as 65531
A(config-router)# neighbor 192.168.182.34 track 3
Verification

Run the show command to query the BGP neighbor status.

A

A# BGP neighbor is 192.168.182.34, remote AS 65531, local AS 65530, external link
Using TRACK to detect state
BGP version 4, remote router ID 88.5.5.5
BGP state = Established, up for 00:00:16
Last read

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Addressfamily L2VPN VPLS: advertisedand received
AddressfamilyL2VPN EVPN:advertisedand received
Graceful Restart Capability: advertised and received
Remote Restart timer is 120 seconds
Address families preserved by peer:
IPv4Unicast(wasnotpreserved)
IPv4Labeled(wasnot preserved)
VPNv4 Unicast (was not preserved)
IPv6Unicast(wasnot preserved)
IPv6Labeled(wasnot preserved)
L2VPN VPLS (was not preserved)
L2VPN EVPN (was not preserved)
L2VPN VPWS (was not preserved)
……
Common Errors
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N/A
7.4.15 Configuring BGP NSR

Configuration Effect



Configure the BGP NSR function to ensure highly reliable network deployment.

Notes



To deploy the BGP NSR function successfully, the device must support the dual engine redundancy hot backup function.



After the BGP NSR function is enabled, connections to the BGP neighbors will be reset for the function to take effect.

Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling BGP

Configuring the NSR Function for BGP Neighbors

(Mandatory) Perform this configuration in BGP configuration mode.

Verification



Run the show command to query the BGP neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicates an AS number, ranging from 1 to 4,294,967,295, which is 1 to 65535.65535 in dot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



-

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command
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Mode
Usage Guide



The AS specified for a peer (group) must be the same as the BGP AS number of a BGP speaker at the peer end.

Configuring the NSR Function for BGP Neighbors

Command

neighbor { neighbor-address | peer-group-name } ha-mode nsr

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.

Command

BGP configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring BGPNSR

Scenario
Figure 1- 21

Configuration



Enable BGP on all devices and set the AS numbers as shown in Figure 1-21.

Steps



Establish the EBGP neighborship between routers A and B via the directly connected port.



Enable the BGP NSR function on A.

A

A# configure terminal
A(config-router)# exit
A(config)# router bgp 65530
A(config-router)# neighbor 192.168.195.182 ha-mode nsr

Verification

Run the show command to query the BGP neighbor status.

A

A# show ip bgp neighbors
BGP neighbor is 192.168.195.183, remote AS 65530, local AS 65531, external link
Using BFD to detect fast fallover - BFD session state up
BGP version 4, remote router ID 10.0.0.1
BGP state = Established, up for 00:06:37
Last read 00:06:37, hold time is 180, keepalive interval is 60 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received

www.fs.com

1192

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Graceful restart: advertised and received
RemoteRestarttimeris120seconds
Addressfamilies preserved bypeer:
None
……
B

B# show ip bgp neighbors
BGP neighbor is 192.168.195.183, remote AS 65530, local AS 65531, external link
Using BFD to detect fast fallover - BFD session state up
BGP version 4, remote router ID 10.0.0.1
BGP state = Established, up for 00:06:37
Last read 00:06:37, hold time is 180, keepalive interval is 60 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Graceful restart: advertised and received
Remote Restart timer is 120 seconds
Address families preserved by peer:
None
……

Common Errors



IGP is notconfigured.



The NSR function is not enabled for BGP neighbors.

7.4.16 Configuring BGP Routes to Be Recursive Only to Host Routes

Configuration Effect



ConfigureBGProutestoberecursiveonlytohostroutes,toenableIBGPormulti-EBGProutestoberecursiveonlytohost
routes.

Notes



This feature is effective only to IBGP or multi-hop EBGP routes. It is unavailable to direct EBGP routes or routes whose next-hop
addresses are direct connection addresses.



IBGP or multi-hop EBGP neighborships of the device need to be established using the address of the Loopback interface.
Otherwise, this feature is unavailable.

Configuration Steps



Enabling BGP
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(Mandatory) Perform this configuration in global configuration mode.




Configuring BGP Routes to Be Recursive Only to Host Routes

(Mandatory) Perform this configuration in BGP address family mode.

Verification



Run the show running-config command to display the configuration.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: IndicatesanASnumber.The value range is from1to4,294,967,295, whichis1to65535.65535 indot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring BGP Routes to Be Recursive Only to Host Routes

Command

Bgp recursion host

Parameter

N/A

Description
Command

BGP address family mode

Mode
Usage Guide

N/A

Configuration Example



Configuring BGP Routes to Be Recursive Only to Host Routes

Scenario
Figure 1- 22

Configuration



Enable BGP on all devices and set the AS numbers as shown in the preceding figure.

Steps



Establish the multi-hop EBGP neighborships on Router A and Router B through the Loopback interface.



Enable the function of making BGP routes recursive only to host routes on Router A and Router B.

Verification
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Common Errors



If the feature is enabled on a devicebut IBGP or multi-hop EBGP neighborships are not established using the address of the
Loopbackinterface,the devicecannot find ahost routethat matchesthenext-hop addressof aBGP route. Asa result,thenext
hop of the BGP route is invalid and routes cannot be preferentially selected.

7.4.17 Configuring Outbound Loop Detection for a BGP Neighbor

Configuration Effect



Configure outbound loop detection for a BGP neighbor

Notes



This feature is available only to EBGP neighbors.

Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling BGP

Configuring Outbound Loop Detection for a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.

Verification



Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: IndicatesanAS number.The value range isfrom1to4,294,967,295, whichis1to65535.65535 indot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).
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Command

BGP configuration mode

Mode
Usage Guide



The AS number specified for a peer (group) must be thesame as the BGP AS number of a BGP speaker at the peer end.

Configuring Outbound Loop Detection for a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } as-loop-check out

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.

Command

BGP configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring Outbound Loop Detection for a BGP Neighbor

Scenario
Figure 1- 23

Configuration



Enable BGP on all devices and set the AS numbers as shown in the preceding figure.

Steps



Establish the EBGP neighborship between Device A and Device C, and between Device B and Device C.



On Device C, enable outbound loop detection for its neighbors: Device A and Device B.

A

A# configure terminal
A(config)# router bgp 65536
A(config-router)# neighbor 10.1.1.1 remote-as 65537

B

B# configure terminal
B(config)# router bgp 65536
B(config-router)# neighbor 20.1.1.1 remote-as 65537

C

C# configure terminal
C(config)# router bgp 65537
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C(config-router)# neighbor 10.1.1.2 remote-as 65536
C(config-router)# neighbor 10.1.1.2 as-loop-check out
C(config-router)# neighbor 20.1.1.2 remote-as 65536
C(config-router)# neighbor 20.1.1.2 as-loop-check out
Verification

Run the show command to display the BGP neighbor status.

C

C# show ip bgp neighbors 10.1.1.2
BGP neighbor is 10.1.1.2, remote AS 65536, local AS 65537, external link
Using as path loop detection in announcing route
BGP version 4, remote router ID 10.0.0.1
BGP state = Established, up for 00:06:37
Last read 00:06:37, hold time is 180, keepalive interval is 60 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Graceful restart: advertised and received
Remote Restart timer is 120 seconds
Address families preserved by peer:
None
…

7.4.18 Shutting Down BGP ConnectionsGracefully

Configuration Effect



Shut down BGP connections gracefully. Service traffic is not interrupted or is interrupted for a very short period of time in the
process from feature configuration to actual BGP connection shutdown.

Notes
N/A
Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling BGP

Shutting Down Connections of the BGP Neighbor Gracefully

(Optional) Perform this configuration in BGP configuration mode.
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Shutting Down All Connections of a BGP Instance Gracefully

(Optional) Perform this configuration in BGP configuration mode.

Verification



Run the show command to display the neighbor status.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: IndicatesanAS number.The value range isfrom1to4,294,967,295, whichis1to65535.65535 indot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS number specified for a peer (group) must be thesame as the BGP AS number of a BGP speaker at the peer end.

Shutting Down Connections of the BGP Neighbor Gracefully

Command

neighbor { neighbor-address | peer-group-name } shutdown graceful [ community value ] [ delay time ]

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.
community value: Indicates the community value carried in the route sent to the neighbor.
delaytime: Indicatesthe delay time( inseconds)for shuttingdown BGP connections.The value rangeis from1to65,535.

Command

BGP configuration mode

Mode
Usage Guide



N/A

Shutting Down All Connections of a BGP Instance Gracefully

Command

bgp shutdown graceful [ community value ] [ delay time ]

Parameter

community value: Indicates the community value carried in the route sent to the neighbor.
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Description

delaytime: Indicatesthe delaytime(inseconds)for shuttingdown BGP connections.The value range isfrom1to65,535.

Command

BGP configuration mode

Mode
Usage Guide

N/A

Configuration Example



Shutting Down BGP Connections Gracefully

Scenario
Figure 1- 24

Configuration



Enable BGP on all devices and set the AS numbers as shown in the preceding figure.

Steps



Establish the EBGP neighborship between Device A and Device C and between Device B and Device C.



On Device A, shut down all connections of a BGP instance gracefully.

A

A# configure terminal
A(config)# router bgp 65536
A(config-router)# neighbor 10.1.1.1 remote-as 65537
A(config-router)# bgp shutdown graceful med 4294967295

B

B# configure terminal
B(config)# router bgp 65536
B(config-router)# neighbor 20.1.1.1 remote-as 65537

C

C# configure terminal
C(config)# router bgp 65537
C(config-router)# neighbor 10.1.1.2 remote-as 65536
C(config-router)# neighbor 10.1.1.2 as-loop-check out
C(config-router)# neighbor 20.1.1.2 remote-as 65536
C(config-router)# neighbor 20.1.1.2 as-loop-check out

Verification

Run the show command to display the BGP neighbor status.

A

A(config)#show ip bgp neighbor 10.1.1.2

www.fs.com

1199

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

For address family: IPv4 Unicast
BGP neighbor is 10.10.10.2, remote AS 65537, local AS 65536, external link
Administratively graceful shut down
BGP version 4, remote router ID 0.0.0.0
BGP state = Idle
Last read

,hold timeis30, keepaliveinterval is1seconds

Configuredhold timeis30, keepalive interval is1seconds
Received 0 messages, 0 notifications, 0 in queue
openmessage:0updatemessage:0keepalivemessage:0
refresh message:0 dynamic cap:0 notifications:0
Sent 0 messages, 0 notifications, 0 in queue
openmessage:0updatemessage:0keepalivemessage:0
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis30seconds
Update source is Loopback 0

For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes

Connections established 0; dropped 0
BGPneighbormaybeupto255hopsaway.
Sock_fd: -1
Last Reset:

, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)

7.4.19 Configuring EBGP Multi-path Bypass Protection

Configuration Effect



Implement EBGP multi-path bypass protection.

Notes



BFD sessions can be configured for neighbors to implement fast link fault detection.
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Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Configuring BGP Multi-path Bypass Protection

(Mandatory) Perform this configuration in BGP configuration mode.




Configuring BGPECMP

(Mandatory) Perform this configuration in BGP configuration mode.




Creating a BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling BGP

Configuring a BFD Session to a BGP Neighbor

(Optional) Perform this configuration in BGP configuration mode.

Verification



Run the show command to display route information.

Related Commands



Enabling BGP

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: IndicatesanAS number.The value range isfrom1to4,294,967,295, whichis1to65535.65535 indot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring BGP Multi-path Bypass Protection

Command

bgp install standby-path

Parameter

N/A

Description
Command

BGP configuration mode

Mode
Usage Guide



N/A

Creating a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.
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Description

peer-group-name: Specifies the name of a peer group.
as-number: Indicates the AS number of a BGP peer (group).

Command

BGP configuration mode

Mode
Usage Guide



The AS number specified for a peer (group) must be thesame as the BGP AS number of a BGP speaker at the peer end.

Creating a BFD Session to a BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } fall-over bfd

Parameter

neighbor-address: Specifies the address of a peer. This address may be an IPv4 address or an IPv6 address.

Description

peer-group-name: Specifies the name of a peer group.

Command

BGP configuration mode

Mode
Usage Guide

N/A

Configuration Example
The following configuration example describes only the configuration relevant to BGP multi-path bypass protection.



Configuring BGP Multi-path Bypass Protection

Scenario
Figure 1- 25

Configuration



Enable BGP on all devices.

Steps



Configure addresses for directly-connected ports on Device A, Device B, and Device C, and mutually establish the
EBGP neighborship between every two of them.
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A



Configure BGP multi-path bypass protection on Device C.



Configure ECMP on Device C.

A# conf terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet0/2)# ip address 192.168.2.1 255.255.255.0
A(config-if-GigabitEthernet 0/2)# exit
A(config)# interface GigabitEthernet 0/3
A(config-if-GigabitEthernet0/3)# ip address 192.168.4.1 255.255.255.0
A(config-if-GigabitEthernet 0/3)# exit
A(config)# router bgp 100
A(config-router)# neighbor 192.168.1.2 remote-as 300
A(config-router)# neighbor 192.168.4.2 remote-as 300
A(config-router)# neighbor 192.168.2.2 remote-as 200
A(config-router)# maximum-paths ebgp 2
A(config-router)# redistribute connect

B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip address 192.168.3.1 255.255.255.0
B(config-if-GigabitEthernet0/1)#bfdinterval200min_rx200multiplier5
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet0/2)# ipaddress192.168.2.2255.255.255.0
B(config-if-GigabitEthernet 0/2)# exit
B(config)# router bgp 200
B(config-router)# neighbor 192.168.3.2 remote-as 300
B(config-router)# neighbor 192.168.3.2 fall-over bfd
B(config-router)# neighbor 192.168.2.1 remote-as 100
B(config-router)# redistribute connect

C

C# configure terminal
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.1.2 255.255.255.0
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C(config-if-GigabitEthernet0/1)#bfdinterval200min_rx200multiplier5
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface fastEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.3.2 255.255.0.0
C(config-if-GigabitEthernet0/2)#bfdinterval200min_rx200multiplier5
C(config-if-GigabitEthernet 0/2)# exit
C(config)# interface fastEthernet 0/3
C(config-if-GigabitEthernet 0/3)# ip address 192.168.4.2 255.255.0.0
C(config-if-GigabitEthernet0/3)#bfdinterval200min_rx200multiplier5
C(config-if-GigabitEthernet 0/3)# exit
C(config)# router bgp 300
C(config-router)# neighbor 192.168.1.1 remote-as 100
C(config-router)# neighbor 192.168.4.1 remote-as 100
C(config-router)# neighbor 192.168.3.1 remote-as 200
C(config-router)# neighbor 192.168.1.1 fall-over bfd
C(config-router)# neighbor 192.168.4.1 fall-over bfd
C(config-router)# maximum-paths ebgp 2
C(config-router)# address-family ipv4 unicast
C(config-router-af)# bgp install standby-path
C(config-router-af)# redistribute connect
Verification

Run the show command to display the configuration.

C

C# show ip bgp summary
BGP router identifier 10.10.10.10, local AS number 300
BGP table version is 12
4 BGP AS-PATH entries
0 BGP Community entries
4 BGP Prefix entries (Maximum-prefix:4294967295)

Neighbor

V

AS MsgRcvd MsgSent

TblVer InQ OutQ Up/Down State/PfxRcd

192.168.1.1

4

100

76

77

12

12

000:59:27

3

192.168.3.1

4

200

30

30

12

12

000:19:03

3

192.168.4.1

4

100

76

77

12

12

000:59:01

3

Total number of neighbors 3
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C# show ip bgp
BGP table version is 12, local router ID is 10.10.10.10
Statuscodes:ssuppressed,ddamped,hhistory,*valid,>best,i-internal,
S Stale, b - backup entry, m - multipath
Origin codes: i - IGP, e - EGP, ? - incomplete

Network
* 192.168.1.0

Next Hop
192.168.3.1

Metric

LocPrf

0

Weight Path
0 200 ?

*

192.168.4.1

0

0 100 ?

*

192.168.1.1

0

0 100 ?

*>

0.0.0.0

0

*> 192.168.2.0

192.168.4.1

0

32768

?

0 200 ?

*m

192.168.1.1

0

0 200 ?

*b

192.168.3.1

0

0 100 ?

* 192.168.3.0

192.168.3.1

0

0 200 ?

*

192.168.4.1

0

0 100 200 ?

*

192.168.1.1

0

0 100 200 ?

*>

0.0.0.0

0

* 192.168.4.0

192.168.3.1

0

32768

?

0 200 ?

*

192.168.4.1

0

0 100 ?

*

192.168.1.1

0

0 100 ?

*>

0.0.0.0

0

32768

?

Total number of prefixes 4
C# show ip bgp 192.168.2.0
BGP routing table entry for 192.168.2.0/24
Paths: (3 available, best #3, table Default-IP-Routing-Table)
Advertised to non peer-group peers:
192.168.1.1
200
192.168.3.1 from 192.168.3.1 (3.3.3.3)
Originincomplete, metric0, localpref 100, valid, external, backup
Last update: Tue Oct 5 00:26:52 1971
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100
192.168.1.1 from 192.168.1.1 (44.44.44.44)
Originincomplete,metric0,localpref100,valid,external,multipath
Last update: Mon Oct 4 23:46:28 1971

100
192.168.4.1 from 192.168.4.1 (44.44.44.44)
Originincomplete,metric0,localpref100,valid,external,multipath,best
Last update: Mon Oct 4 23:46:28 1971
C# show ip route

Codes: C-connected,S-static,R-RIP,B-BGP
O - OSPF,IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su -IS-IS summary,L1-IS-IS level-1,L2- IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
C

192.168.1.0/24 is directly connected, GigabitEthernet 0/1

C

192.168.1.2/32 is local host.

B

192.168.2.0/24 [20/0] via 192.168.1.1, 00:21:39
[20/0] via 192.168.4.1, 00:21:39

C

192.168.3.0/24 is directly connected, GigabitEthernet 0/2

C

192.168.3.2/32 is local host.

C

192.168.4.0/24 is directly connected, GigabitEthernet 0/3

C

192.168.4.2/32 is local host.

7.5 Configuring Inter-VRF Multi-Path Route Import

Configuration Effect



Ensure inter-VRF route import and ECMP multi-path for inter-imported routes.

Notes



N/A
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Configuration Steps




(Mandatory) Perform this configuration in BGP configuration mode.




Configuring BGPECMP

(Mandatory) Perform this configuration in BGP address family mode.




Importing Multi-Path Static Routes to BGP

(Mandatory) Perform this configuration in BGP address family mode.




Importing Static Routes to BGP

(Mandatory) Perform this configuration in BGP address family mode.




Configuring a BGP VRF Address Family

Configuring Inter-VRF Import for All Path Routes

(Mandatory) Perform this configuration in BGP address family mode.

Verification



Run the show command to display route information.

Related Commands



Configuring a BGP VRF Address Family

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: Indicatesan AS number.The valuerange isfrom1to4,294,967,295, which is1to65535.65535indot mode.

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

BGP configuration mode

Mode
Usage Guide



N/A

Importing Static Routes to BGP

Command

redistribute protocol-type [ route-map map-tag ] [ metric metric-value ]

Parameter

protocol-type: Indicates the source protocol type of a redistributed route.

Description

route-map map-tag: Indicates the name of an associated route map.
metric metric-value: Indicates the default metric value of a redistributed route. The value range is from 0 to
4,294,967,295.

Command

BGP address family mode

Mode
Usage Guide



N/A

Importing Multi-Path Static Routes to BGP

Command

bgp sourced-paths protocol-type all

Parameter

protocol-type: Indicates the source protocol type of a redistributed route.

www.fs.com
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Description
BGP address family mode

Command
Mode
Usage Guide

This command needs to be used together with the redistribution command to import routes with multiple next hops
from other protocols to BGP.



Configuring BGPECMP

Command

maximum-paths { ebgp | ibgp } number

Parameter

ebgp: Specifies the number of equivalent paths of the EBGP multipath load balancing function.

Description

ibgp: Specifies the number of equivalent paths of the IBGP multipath load balancing function.
number: Indicates the maximum number of equivalent paths. The minimum value is 1, and the maximum value depends
on the device capability. If the value is 1, the EBGP multipath load balancing function is disabled.

Command

BGP address family mode

Mode
Usage Guide

The maximum-paths ebgp command is also used to configure equivalence of confederation EBGP multiple paths and
local inter-VRF importroutes.
IBGP and EBGP routes cannot form equivalent routes.



Configuring Inter-VRF Import for All Path Routes

Command

import path selection { all | bestpath | multipath }

Parameter

all: Imports all routes with next hops.

Description

bestpath: Imports routes with preferred next hops. By default, only routes with preferred next hops are imported.
multipath: Imports routes with preferred and equivalent next hops.

Command

BGP address family mode

Mode
Usage Guide

This command can be used to control inter-VRF route import, L3VPN remote routes import to VRF, and EVPN routes
import to the IP route table.

Configuration Example



Configuring BGP Multi-Path Bypass Protection

Scenario
Figure 1- 26

DeviceAconnectstotwonetworksthroughVRFvpn1andvpn2,andcross-VRFaccessisimplementedthroughdeviceA.
Configuration

www.fs.com
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Steps

Configure VRF static routes.
ConfigureaVRF address family.
Import VRF static routes to BGP.
Enablemulti-pathstaticrouteimporttoBGP.
Configure BGPECMP.
Configure inter-VRF import for all path routes.

A

A# conf terminal
A(config)# ip vrf vpn1
A(config-vrf)# rd 200:1
A(config-vrf)# route-target both 100:100
A(config-vrf)# exit
A(config)# ip vrf vpn2
A(config-vrf)# rd 300:1
A(config-vrf)# route-target both 100:100
A(config-vrf)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#
A(config-if-GigabitEthernet 0/1)# ip vrf forwarding vpn1
A(config-if-GigabitEthernet0/1)# ip address 44.1.1.2 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)# ip vrf forwarding vpn1
A(config-if-GigabitEthernet0/2)# ip address 45.1.1.2 255.255.255.0
A(config-if-GigabitEthernet 0/2)# exit
A(config)# interface GigabitEthernet 0/3
A(config-if-GigabitEthernet 0/3)# ip vrf forwarding vpn2
A(config-if-GigabitEthernet0/3)# ip address 46.1.1.2 255.255.255.0
A(config-if-GigabitEthernet 0/3)# exit
A(config)# interface GigabitEthernet 0/4
A(config-if-GigabitEthernet 0/4)# ip vrf forwarding vpn2
A(config-if-GigabitEthernet0/4)# ip address 47.1.1.2 255.255.255.0
A(config-if-GigabitEthernet 0/4)# exit
A(config)# ip route vrf vpn1 100.1.1.1 255.255.255.255 44.1.1.1
A(config)# ip route vrf vpn1 100.1.1.1 255.255.255.255 45.1.1.1
A(config)# ip route vrf vpn2 200.1.1.1 255.255.255.255 46.1.1.1
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A(config)# ip route vrf vpn2 200.1.1.1 255.255.255.255 47.1.1.1
A(config)# router bgp 100
A(config-router)# address-family ipv4 vrf vpn1
A(config-router-af)# redistribute static
A(config-router-af)# maximum-paths ebgp 32
A(config-router-af)# bgp sourced-paths static all
A(config-router-af)# import path selection all
A(config-router-af)# exit-address-family
A(config-router)# address-family ipv4 vrf vpn2
A(config-router-af)# redistribute static
A(config-router-af)# maximum-paths ebgp 32
A(config-router-af)# bgp sourced-paths static all
A(config-router-af)# import path selection all
A(config-router-af)# exit-address-family

Verification

Run the show command to display the configurations.

A

A#show ip route vrf vpn1
Routing Table: vpn1

Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, EV - BGP EVPN, A - Arp to host
* - candidate default

Gatewayoflastresortisnoset
C

44.1.1.0/24 is directly connected, GigabitEthernet 0/1

C

44.1.1.2/32 is local host.

C

45.1.1.0/24 is directly connected, GigabitEthernet 0/2

C

45.1.1.2/32 is local host.

S

100.1.1.1/32 [1/0] via44.1.1.1
[1/0] via 45.1.1.1
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B

200.1.1.1/32 [20/0] via 47.1.1.1, 02:32:01
[20/0]via 46.1.1.1,02:32:01

A#show ip route vrf vpn2
Routing Table: vpn2

Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU-IS-IS summary,L1-IS-IS level-1,L2-IS-ISlevel-2
IA - Inter area, EV - BGP EVPN, A - Arp to host
* - candidate default

Gatewayof lastresort isnoset
C

46.1.1.0/24 is directly connected, GigabitEthernet 0/3

C

46.1.1.2/32 is local host.

C

47.1.1.0/24 is directly connected, GigabitEthernet 0/4

C

47.1.1.2/32 is local host.

B

100.1.1.1/32 [20/0] via 45.1.1.1, 03:27:07
[20/0]via 44.1.1.1,03:27:07

S

200.1.1.1/32 [1/0] via 46.1.1.1
[1/0] via 47.1.1.1

7.5.1 Configuring BMP Monitoring

Configuration Effect



Enable BGP to be monitored by the BMP server.

Notes
None
Configuration Steps




Creating a BMP Server Instance

(Mandatory) Perform this configuration in global configuration mode.



Configuring the Address and Port Number of the BMP Server
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(Mandatory) Perform this configuration in BMP configuration mode.




(Optional) Perform this configuration in BMP configuration mode.




Configuring the Description for BMP Instance

(Optional) Perform this configuration in BMP configuration mode.




Configuring the Interval to Establish a TCP Connection to the BMP Server

(Optional) Perform this configuration in BMP configuration mode.




Configuring the VRF Instance to Which a TCP Connection to the BMP Server Belongs

(Optional) Perform this configuration in BMP configuration mode.




Configuring the Source Address of a TCP Connection to the BMP Server

Configuring the Max Bytes of Packet in Buffer for BMP Instance

(Optional) Perform this configuration in BMP configuration mode.



Configuring the BMP Server to Monitor Routing Information Received from a BGP Peer After the Routing Policy Is
Applied



(Optional) Perform this configuration in BMP configuration mode.




(Optional) Perform this configuration in BMP configuration mode.




Configuring the BMP Server to Monitor BGP Packets

(Optional) Perform this configuration in BGP configuration mode.




Configuring All BMP Servers to Monitor BGP Peers

(Optional) Perform this configuration in BGP configuration mode.




Configuring the BMP Server to Monitor BGP Peers

(Mandatory) Perform this configuration in BGP configuration mode.




Configuring the BMP Server to Monitor Routing Information Sent to a BGP Peer After the Routing Policy Is Applied

(Optional) Perform this configuration in BMP configuration mode.




Configuring the BMP Server to Monitor Unchanged Routing Information Received from a BGP Peer

Configuring the Interval for Sending Status Statistics to the BMP Server

(Optional) Perform this configuration in BGP configuration mode.

Verification



Run the show running-config command to display the configurations.

Related Commands



Creating a BMP Server Instance
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Command

bmp server server-number

Parameter

server-number: Specifies the ID of a BMP server instance.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Address and Port Number of the BMP Server

Command

address bmp-server-address port port-number

Parameter

bmp-server-address: Specifies the address of the BMP server.

Description

port-number: Specifies the port number of the BMP server.

Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the Source Address of a TCP Connection to the BMP Server

Command

update-source interface-type interface-number

Parameter

interface-type interface-number: Indicates an interface name.

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the VRF Instance to Which a TCP Connection to the BMP Server Belongs

Command

vrf vrf-name

Parameter

vrf-name: Specifies the VRF instance name.

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the Interval to Establish a TCP Connection to the BMP Server

Command

failure-retry-delay time

Parameter

Time: Specifies the interval

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the Description for BMP instance

Command

description text

Parameter

text: Specifies the description for BMP instance.

Description
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Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the Max Bytes of Packet in Buffer for BMP Instance

Command

buffer-size maximum

Parameter

Maximum: Configure the max bytes of packet in buffer for BMP instance.

Description
Command

BMP configuration mode

Mode
Usage Guide

Use this command to configure the max bytes of packet in buffer for BMP instance. When the device can not forward
monitor packets due to insufficient server memory or other reasons, these packets will continually occupy the memory
space, so there should be a limit of the max bytes of packet in buffer. When bytes reach the limit, the session with BMP
server will be reset to release the space.



Configuring the BMP Server to Monitor Routing Information Received from a BGP Peer After the Routing Policy Is
Applied

Command

adj-rib-in post-policy

Parameter

N/A

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the BMP Server to Monitor Unchanged Routing Information Received from a BGP Peer

Command

adj-rib-in pre-policy

Parameter

N/A

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the BMP Server to Monitor Routing Information Sent to a BGP Peer After the Routing Policy Is Applied

Command

adj-rib-out post-policy

Parameter

N/A

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the BMP Server to Monitor BGP Peers

Command

neighbor { neighbor-address | peer-group-name } bmp-active { all | server server-number [ server-number
[ server-number ] ] }

Parameter
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Description

peer-group-name: Specifies a peer group name.
server-number: Specifies the ID of a BMP server instance.
BGP configuration mode

Command
Mode
Usage Guide



N/A

Configuring All BMP Servers to Monitor BGP Peers

Command

bgp bmp-active

Parameter

N/A

Description
Command

BGP configuration mode

Mode
Usage Guide



N/A

Configuring the BMP Server to Monitor BGP Packets

Command

route mirroring

Parameter

N/A

Description
Command

BMP configuration mode

Mode
Usage Guide



N/A

Configuring the Interval for Sending Status Statistics to the BMP Server

Command

stats-reporting-period time

Parameter

time: Specifies the interval.

Description
Command

BMP configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring BMPMonitoring

Scenario
Figure 1-26

The BGP peers established by devices A and B are monitored by the BMP server.
Configuration



Configure the BGP peers.

Steps



Create a BMP server instance.



Configure the address and port number of the BMP server.
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Configure the types of routes to be monitored by the BMP server.



Configure the BMP server to monitor BGP peers.

A#configure

A

A(config)#interface tenGigabitEthernet 0/1
A(config-if-TenGigabitEthernet0/1)#ipaddress 11.1.1.1 24
A(config-if-TenGigabitEthernet 0/1)#end
A(config)#bmp server 1
A(config-bmpsrvr)#address 11.1.1.2 port 12345
A(config-bmpsrvr)#update-source tenGigabitEthernet 0/1
A(config-bmpsrvr)#adj-rib-in post-policy
A(config)#interface tenGigabitEthernet 0/2
A(config-if-TenGigabitEthernet 0/2)#ip address 10.1.1.1 24
A(config)#router bgp 100
A(config-router)#neighbor 10.1.1.2 remote-as 100
A(config-router)#neighbor 10.1.1.2 bmp-active server 1
B

B#configure
B(config)#interface tenGigabitEthernet 0/2
B(config-if-TenGigabitEthernet 0/2)#ip address 10.1.1.2 24
B(config)#router bgp 100
B(config-router)#neighbor 10.1.1.1 remote-as 100

Verification

Run the show command to display the configurations.

A

A# #show bgp all summary
For address family: IPv4 Unicast
BGP router identifier 7.7.7.7, local AS number 100
BGP table version is 1
1 BGP AS-PATH entries
0 BGP Community entries
25 BGP Prefix entries (Maximum-prefix:262144)
Neighbor
10.1.1.2

V
4

AS MsgRcvd MsgSent
100

0

TblVer InQ OutQ Up/Down State/PfxRcd

0

0

0

0 05:36:32

23

A#show bgp bmp neighbor
Neighbor
10.1.1.2

CfgSvr#

ActSvr#

1

1

A#show bgp bmp summary
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Host

1

11.1.1.2

Port
12345

State

Time

Established 05:36:12

NBRs
1
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7.5.2 Configuring Domain of Neighbor

Configuration Effect



Configure to not suppress detailed routings in the domain group of neighbor.

Notes
None
Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Configuring Domain Group of Neighbor

Configuring to not Suppress Detailed Routings in Domain Group of Neighbor

(Mandatory) Perform this configuration in global configuration mode.

Verification



Run the show running-config command to display the configurations.

Related Commands



Configuring Domain Group of Neighbor

Command

neighbor { neighbor-address | peer-group-name } domain domain-name

Parameter

neighbor-address: IP address of the peer

Description

peer-group-name: Name of the peer group
domain-name: Domain name

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring to not Suppress Detailed Routing in Domain Group of Neighbor

Command

neighbor { neighbor-address | peer-group-name } domain-unsuppress

Parameter

neighbor-address: IP address of the peer

Description

peer-group-name: Name of the peer group

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring Domain Group of Neighbor
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Scenario
Figure 1-27

Configuration



Run BGP protocol on all devices, set AS numbers as the figure shows

Steps



Configure Loopback on A, B and C to establish IBGP neighbor



Establish EBGP neighbor between C and D



Create IBGP peer group on C



Configure host route 11.1.1.1 on D



Configure domain test on C to neighbors of A and D, and configure domain-suppress to neighbors of A

A

A# configure terminal
A(config)# interface loopback 0
A(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
A(config-if-Loopback 0)# exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ipaddress 192.168.1.1255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65536
A(config-router)# neighbor 10.1.1.3 remote-as 65536
A(config-router)# neighbor 10.1.1.3 update-source loopback 0

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip address 192.168.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.3 remote-as 65536
B(config-router)# neighbor 10.1.1.3 update-source loopback 0

C

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.3 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.1.3 255.255.255.0
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C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/2)# exit
C(config)# interface GigabitEthernet 0/3
C(config-if-GigabitEthernet 0/3)# ip address 192.168.3.3 255.255.255.0
C(config-if-GigabitEthernet 0/3)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 10.1.1.1 remote-as 65536
C(config-router)# neighbor 10.1.1.1 update-source loopback 0
C(config-router)# neighbor 10.1.1.1 domain test
C(config-router)# neighbor 10.1.1.1 domain-suppress
C(config-router)# neighbor 10.1.1.2 remote-as 65536
C(config-router)# neighbor 10.1.1.2 update-source loopback 0
C(config-router)# neighbor 192.168.3.4 remote-as 65537
C(config-router)# neighbor 192.168.3.4 domain test
C(config-router)#aggregate-address 11.0.0.0 255.0.0.0 summary-only
D

D# configure terminal
D(config)# interface loopback 0
D(config-if-Loopback 0)# ip address 11.1.1.1 255.255.255.255
D(config)# interface GigabitEthernet 0/1
D(config-if-GigabitEthernet0/1)# ipaddress 192.168.3.4 255.255.255.0
D(config-if-GigabitEthernet 0/1)# exit
D(config)# router bgp 65537
D(config-router)# neighbor 192.168.3.3 remote-as 65536
D(config-router)# network 11.1.1.1 mask 255.255.255.255

Verification

Run the show command to display the configurations.

A

A# show ip bgp neighbor
BGP neighbor is 10.1.1.3, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:00:05
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:1
refresh message:0 dynamic cap:0 notifications:0
Sent 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:1
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 0 seconds
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Update source is Loopback 0
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 0, Offset 0, Mask 0x1
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
Local host: 10.1.1.1, Local port: 1039
Foreign host: 10.1.1.3, Foreign port: 179
Nexthop: 10.1.1.1
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
LastReset:

, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)
A#show ip bgp
BGP table version is 3, local router ID is 10.1.1.3
Statuscodes:ssuppressed,ddamped, hhistory,*valid,>best,i-internal,
S Stale, b - backup entry, m - multipath, f Filter
Origin codes: i - IGP, e - EGP, ? - incomplete
Network

Next Hop

Metric

LocPrf

Weight Path

*> 11.0.0.0

10.1.1.3

0

0

i

*> 11.1.1.1

192.168.3.4

0

0

65537 i

B# show ip bgp neighbor

B

BGP neighbor is 10.1.1.3, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:00:07
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:1
refresh message:0 dynamic cap:0 notifications:0
Sent 2 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:1
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0
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For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 0, Offset 0, Mask 0x1
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
Local host: 10.1.1.2, Local port: 1041
Foreign host: 10.1.1.3, Foreign port: 179
Nexthop: 10.1.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
LastReset:

, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)
B#show ip bgp
BGP table version is 3, local router ID is 10.1.1.3
Statuscodes:ssuppressed,ddamped, hhistory,*valid,>best,i-internal,
S Stale, b - backup entry, m - multipath, f Filter
Origin codes: i - IGP, e - EGP, ? - incomplete
Network
*> 11.0.0.0
C

Next Hop

Metric

10.1.1.3

LocPrf

0

Weight Path
0

i

C# show ip bgp neighbor
BGP neighbor is 10.1.1.1, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:01:13
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0
peer belong to domain test
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peer domain unsuppress
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
Local host: 10.1.1.3, Local port: 179
Foreign host: 10.1.1.1, Foreign port: 1039
Nexthop: 10.1.1.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
BGP neighbor is 10.1.1.2, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 10.1.1.2
BGP state = Established, up for 00:01:17
Lastread

,holdtimeis180,keepaliveintervalis60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1 updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1 updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
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Local host: 10.1.1.3, Local port: 179
Foreign host: 10.1.1.2, Foreign port: 1041
Nexthop: 10.1.1.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
BGP neighbor is 192.168.3.4, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
BGP version 4, remote router ID 192.168.3.4
BGPstate= Established, up for 00:01:01
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0
peer belong to domain test
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
Local host: 192.168.3.3, Local port: 179
Foreign host: 192.168.3.4, Foreign port: 1018
Nexthop: 192.168.3.3
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
D

D# show ip bgp neighbor
BGP neighbor is 192.168.3.3, remote AS 65536, local AS 65536, internal link
Member of peer-group ibgp-group for session parameters
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BGP version 4, remote router ID 10.1.1.3
BGP state = Established, up for 00:01:01
Last read

,holdtimeis180,keepaliveintervalis60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Sent 3 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:2
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis0seconds
Update source is Loopback 0
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
ibgp-group peer-group member
0 accepted prefixes
0 announced prefixes
Connections established 1; dropped 0
Localhost:192.168.3.4, Local port: 1018
Foreign host: 192.168.3.3, Foreign port: 179
Nexthop: 192.168.3.4
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network

7.5.3 Configuring Link State Tracking Group of Neighbor

Configuration Effect



Associate the link state tracking group for the BGP neighbor.

Notes
None
Configuration Steps




Enabling BGPProtocol

(Mandatory) Perform this configuration in global configuration mode.
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(Mandatory) Perform this configuration in BGP configuration mode.




Configuring Delay Time to Enable Downlink Port of Link State Tracking Group after BGP Neighbor is up

(Mandatory) Perform this configuration in BGP configuration mode.




Creating Link State Tracking Group Associated with BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.




Creating BGP Neighbor

Configuring Link State Tracking Group Associated with Port

(Mandatory) Perform this configuration in interface configuration mode.

Verification



Run the show running-config command to display the configurations.

Related Commands



Enabling BGPProtocol

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: AS number. Range: 1..4294967295

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Creating BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } remote-as as-number

Parameter

neighbor-address: IP address of the peer

Description

peer-group-name: Name of the peer group
as-number: AS number of peer (group)

Command

BGP configuration mode

Mode
Usage Guide



AS number specified for peer (group) should be consistent with the AS number of peer BGP Speaker

Creating Link State Tracking Group Associated with BGP Neighbor

Command

neighbor { neighbor-address | peer-group-name } link state group num

Parameter

neighbor-address: IP address of the peer

Description

peer-group-name: Name of the peer group
num: Link state tracking group ID

Command

BGP configuration mode

Mode
Usage Guide
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Configuring Delay Time to Enable Downlink Port of Link State Tracking Group after BGP Neighbor is up

Command

bgp link-state-group up-delay delay-time

Parameter

delay-time: Delay time

Description
Command

BGP configuration mode

Mode
Usage Guide



Adding Port to Specified Link State Tracking Group

Command

link state group num { upstream | downstream }

Parameter

num: Link state tracking group ID

Description

upstream: Configure the port as the uplink port of link state tracking group
downstream: Configure the port as the downlink port of link state tracking group

Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring BGP MD5 Verification

Scenario
Figure 1-28

Configuration



Run BGP protocol on all devices, set AS numbers as the figure shows

Steps



Configure Loopback on B and C to establish IBGP neighbor



Establish EBGP neighbor between A and B



Configure link state tracking group 1 on GE 0/2 on B



On B, associate link state tracking group 1 with A’s neighbor

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ipaddress 192.168.1.1255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65537
A(config-router)# neighbor 192.168.1.2 remote-as 65536
A(config-router)# neighbor 192.168.1.2 password 7 ebgpneighbor

B

B# configure terminal
B(config)# interface loopback 0
B(config-if-Loopback 0)# ip address 10.1.1.1 255.255.255.255
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B(config-if-Loopback 0)# exit
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip address 192.168.1.2 255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)# ip address 192.168.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/2)# link state group 1 downstream
B(config-if-GigabitEthernet 0/2)# exit
B(config)# router bgp 65536
B(config-router)# neighbor 10.1.1.2 remote-as 65536
B(config-router)# neighbor 10.1.1.2 update-source loopback 0
B(config-router)# neighbor 10.1.1.2 password ibgpneighbor
B(config-router)# neighbor 192.168.1.1 remote-as 65537
B(config-router)# neighbor 192.168.1.1 link state group 1
C

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.2 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.2.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 10.1.1.1 remote-as 65536
C(config-router)# neighbor 10.1.1.1 update-source loopback 0
C(config-router)# neighbor 10.1.1.1 password ibgpneighbor

Verification
A

Run the show command to display the configurations.
A#show ip bgp neighbors
BGP neighbor is 192.168.1.2, remote AS 65536, local AS 65537, external link
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:04:54
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 7 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:6
refresh message:0 dynamic cap:0 notifications:0
Sent 7 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:6
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
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For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes
Connections established 2; dropped 1
Localhost: 192.168.1.1,Local port: 1026
Foreign host: 192.168.1.2, Foreign port: 179
Nexthop: 192.168.1.1
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:04:54, due to BGP Notification sent
Notification Error Message: (Cease/Administratively Reset.)
B

B# show ip bgp neighbors
BGP neighbor is 10.1.1.2, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.2
BGP state = Established, up for 00:04:01
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes
Connections established 2; dropped 1
Local host: 10.1.1.1, Local port: 179
Foreign host: 10.1.1.2, Foreign port: 1038
Nexthop: 10.1.1.1
Nexthop global: ::
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Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:05:27, due to BGP Notification received
Notification Error Message: (Cease/Administratively Reset.)
BGP neighbor is 192.168.1.1, remote AS 65537, local AS 65536, external link
BGP version 4, remote router ID 192.168.1.1
BGP state = Established, up for 00:05:27
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalivemessage:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetweenadvertisementrunsis30seconds
Link state group 1
For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes
Connections established 2; dropped 1
Local host: 192.168.1.2, Local port: 179
Foreign host: 192.168.1.1, Foreign port: 1026
Nexthop: 192.168.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
Last Reset: 00:05:27, due to BGP Notification received
Notification Error Message: (Cease/Administratively Reset.)
C

C# show ip bgp neighbors
BGP neighbor is 10.1.1.1, remote AS 65536, local AS 65536, internal link
BGP version 4, remote router ID 10.1.1.1
BGP state = Established, up for 00:04:01
Lastread

,holdtimeis180,keepaliveinterval is60seconds

Neighbor capabilities:
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Route refresh: advertised and received (old and new)
Four-octets ASN Capability: advertised and received
Address family IPv4 Unicast: advertised and received
Received 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Sent 8 messages, 0 notifications, 0 in queue
openmessage:1updatemessage:0keepalive message:7
refresh message:0 dynamic cap:0 notifications:0
Route refresh request: received 0, sent 0
Minimumtimebetween advertisement runs is30 seconds
For address family: IPv4 Unicast
BGP table version 1, neighbor version 0
Index 1, Offset 0, Mask 0x2
0 accepted prefixes
0 announced prefixes
Connections established 2; dropped 1
Local host: 10.1.1.2, Local port: 1038
Foreign host: 10.1.1.1, Foreign port: 179
Nexthop: 10.1.1.2
Nexthop global: ::
Nexthop local: ::
BGP connection: non shared network
LastReset: 00:05:27, due toBGP Notificationreceived
NotificationErrorMessage:(Cease/AdministrativelyReset.)

7.5.4 Configuring BGP Additional Paths

Configuration Effect



Configure the BGP add-path to receive multiple routes with the same prefix from an IBGP neighbor.

Notes
None
Configuration Steps




(Mandatory) Perform this configuration in global configuration mode.




Enabling BGPProtocol

Creating BGP Neighbor

(Mandatory) Perform this configuration in BGP configuration mode.
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(Mandatory) Perform this configuration in BGP configuration mode.




Advertising add-path Routes to Peer

(Mandatory) Perform this configuration in BGP configuration mode.




Enabling add-path Route Preference

Enabling add-path Capability on Specified Peer

(Mandatory) Perform this configuration in interface configuration mode.

Verification



Run the show running-config command to display the configurations.

Related Commands



Enabling BGPProtocol

Command

router bgp as-number [ instance instance-name ]

Parameter

as-number: AS number. Range: 1..4294967295

Description

instance: The instance should be specified for the non-default instance, and the instance name is required.
instance-name: Instance name of 1 to 32 characters.

Command

Global configuration mode

Mode
Usage Guide



N/A

Creating BGP Neighbor

Command

neighbor { peer-address | peer-group-name } remote-as as-number

Parameter

peer-address: IP address of the peer

Description

peer-group-name: Name of the peer group
as-number: AS number of peer (group)

Command

BGP configuration mode

Mode
Usage Guide



AS number specified for peer (group) should be consistent with the AS number of peer BGP Speaker

Enabling add-path Route Preference

Command

bgp additional-paths select { all | best number | ecmp }

Parameter

all: Select all valid routes as the add-path routes in the type of “all”.

Description

best number: Select the next-best routes as the add-path routes in the type of“best number”. Range of number: 2-3.
ecmp: Select the ecmp routes as the add-path routes in the type of “ecmp”. Additional configuration is needed to select
the ecmp routes.

Command

BGP configuration mode

Mode
Usage Guide



N/A

Advertising add-path Routes to Peer

Command
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Parameter

peer-address: IP address of the peer

Description

peer-group-name: Name of the peer group
all: Select all valid routes as the add-path alternative routes in the type of “all”
best number: Select the next-best routes as the add-path alternative routes in the type of “best number”. Range of
number: 2-3.
ecmp: Select the ecmp routes as the add-path alternative routes in the type of“ecmp”.Additional configuration is needed
to select the ecmp routes.
BGP configuration mode

Command
Mode
Usage Guide



Enabling add-path Capability on Specified Peer

Command

neighbor { peer-address | peer-group-name } additional-paths { send [receive] | receive }

Parameter

peer-address: IP address of the peer

Description

peer-group-name: Name of the peer group
send: Enable the device to send the add-path route. Only when the peer enables the receive capability, the device can
advertise the add-path route.
receive: Enable the device to receive the add-path route. Only when the peer enables the send capability, the device can
receive the add-path route.

Command

BGP configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring BGPadd-path

Scenario
Figure 1-28

Configuration
Steps
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Configure the interconnection addresses among A, B, C, D and RR, configure the IBGP peer among A, B, C and RR
which is the BGP RR, and configure the EBGP peer between B and D/C and D.
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Configure the loopback address on D and advertise it to BGP.



Enable RR to advertise the add-path route, and enable A to receive the add-path route.

A# configure terminal

A

A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet0/1)# ipaddress 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet 0/1)# exit
A(config)# router bgp 65536
A(config-router)# neighbor 192.168.1.5 remote-as 65536
A(config-router)# neighbor 192.168.1.5 additional-paths receive
B

B# configure terminal
B(config)# interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)# ip address 192.168.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/1)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)# ip address 192.168.4.2 255.255.255.0
B(config-if-GigabitEthernet 0/2)# exit
B(config)# router bgp 65536
B(config-router)# neighbor 192.168.2.5 remote-as 65536
B(config-router)# neighbor 192.168.4.4 remote-as 65535

C

C# configure terminal
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.3.3 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/2
C(config-if-GigabitEthernet 0/2)# ip address 192.168.5.3 255.255.255.0
C(config-if-GigabitEthernet 0/2)# exit
C(config)# router bgp 65536
C(config-router)# neighbor 192.168.3.5 remote-as 65536
C(config-router)# neighbor 192.168.5.4 remote-as 65535

D

C# configure terminal
C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.4 255.255.255.255
C(config-if-Loopback 0)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.4.4 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ip address 192.168.5.4 255.255.255.0
C(config-if-GigabitEthernet 0/1)# exit
C(config)# router bgp 65535
C(config-router)# neighbor 192.168.4.2 remote-as 65536
C(config-router)# neighbor 192.168.5.3 remote-as 65536
C(config-router)# network 10.1.1.4 mask 255.255.255.255

RR
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C(config)# interface loopback 0
C(config-if-Loopback 0)# ip address 10.1.1.5 255.255.255.255
C(config-if-Loopback 0)# exit
RR(config)# interface GigabitEthernet 0/1
RR(config-if-GigabitEthernet 0/1)# ip address 192.168.1.5 255.255.255.0
RR(config-if-GigabitEthernet 0/1)# exit
RR(config)# interface GigabitEthernet 0/2
RR(config-if-GigabitEthernet 0/2)# ip address 192.168.2.5 255.255.255.0
RR(config-if-GigabitEthernet 0/2)# exit
RR(config)# interface GigabitEthernet 0/3
RR(config-if-GigabitEthernet 0/3)# ip address 192.168.3.5 255.255.255.0
RR(config-if-GigabitEthernet 0/3)# exit
R4(config)#ip route 192.168.4.0 255.255.255.0 192.168.2.2
R4(config)#ip route 192.168.5.0 255.255.255.0 192.168.3.3
RR(config)# router bgp 65536
RR(config-router)# bgp additional-paths select best 2
RR(config-router)# neighbor 192.168.1.1 remote-as 65536
RR(config-router)# neighbor 192.168.1.1 route-reflector-client
RR(config-router)# neighbor 192.168.2.2 remote-as 65536
RR(config-router)# neighbor 192.168.2.2 route-reflector-client
RR(config-router)# neighbor 192.168.3.3 remote-as 65536
RR(config-router)# neighbor 192.168.3.3 route-reflector-client
RR(config-router)# neighbor 192.168.1.1 advertise additional-paths best 2
RR(config-router)# neighbor 192.168.1.1 additional-paths send
Verification

Run the show command to display the configurations.

RR
RR# show ip bgp
BGP table version is 3, local router ID is 10.1.1.5
Statuscodes:ssuppressed,ddamped, hhistory,*valid,>best,i-internal,
S Stale, b - backup entry, a additional-path
Origin codes: i - IGP, e - EGP, ? - incomplete
Network
* ia10.1.1.4/32
*>i

Next Hop
192.168.4.4

Metric
0

192.168.5.4

LocPrf

100
0

100

Weight Path

0 65535 i
0 65535 i

Total number of prefixes 2
A

A# show ip bgp
BGP table version is 2, local router ID is 192.168.1.1
Statuscodes:ssuppressed,ddamped, hhistory,*valid,>best,i-internal,
S Stale, b - backup entry, a additional-path
Origin codes: i - IGP, e - EGP, ? - incomplete
Network
* i 10.1.1.4/32
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Next Hop
192.168.5.4

Metric
0

100

LocPrf

Weight Path

0 65535 i
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*i

192.168.4.4

0

100

065535 i

Totalnumber of prefixes 2

7.6 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears BGP IPv4 unicast routes.

clear ipbgp[ instance as-number ][ vrfvrf-name ] { *| as-number|neighbor-address } [ soft ]
[ in | out ]
clear bgp [ instance as-number ] ipv4 unicast [ vrf vrf-name ] { * | as-number |
neighbor-address } [ soft ] [ in | out ]
clear ip bgp [ instance as-number ] [ vrf vrf-name ] update-group [ update-group-index |
neighbor-address ] [ soft ] [ in | out ]
clear bgp [ instance as-number ] ipv4 unicast [ vrf vrf-name ] update-group
[ update-group-index | neighbor-address ] [ soft ] [ in | out ]

Clears BGP IPv6 unicast routes.

clear bgp [ instance as-number ] ipv6 unicast [ vrf vrf-name ] { * | as-number |
neighbor-address } [ soft ] [ in | out ]
clear bgp [ instance as-number ] ipv6 unicast [ vrf vrf-name ] update-group
[ update-group-index | neighbor-address ] [ soft ] [ in | out ]

Clears BGP L2VPN EVPN routes.

clear bgp [ instance as-number ] l2vpn evpn { * | as-number | neighbor-address} [ soft ] [ in |
out ]
clear bgp [ instance as-number ] l2vpn evpn update-group [ update-group-index |
neighbor-address ] [ soft ] [ in | out ]

Clears EVPN conflict MAC

clear evpn conflict mac [ vni-id ]

Displaying
Description

Command

Displays the BGP IPv4 unicast routes.

show ip bgp
show bgp ipv4 unicast

Displays the update-group information

show ip bgp [ instance as-number ] [ vrf vrf-name ] update-group [ neighbor-address |

of BGP IPv4 unicast address family.

update-group-index ] [ summary ]
show bgp [ instance as-number ] ipv4 unicast [ vrf vrf-name ] update-group
[ neighbor-address | update-group-index ] [ summary ]

Displays BGP IPv6 unicast routes.

show bgp [ instance as-number ] ipv6 unicast

Displays the update-group information

show bgp [ instance as-number ] ipv6 unicast [ vrf vrf-name ] update-group

of BGP IPv6 unicast address family.

[ neighbor-address | update-group-index ] [ summary ]

Displays BGP L2VPN EVPN routes.

show bgp [ instance as-number ] l2vpn evpn all

Displays the update-group information

show bgp [ instance as-number ] l2vpn evpn all update-group [ neighbor-address |

of BGP L2VPN EVPN address family.

update-group-index ] [ summary ]

Displays the MAC mobility or conflict.

show evpn mac {conflict | mobility } [ vni-id ]

Displays BGP statistics.

show bgp [ instance as-number ] statistics [ vrf vrf-name ]

www.fs.com
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Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Enables all BGP debugging.

debug ip bgp all

Debugs BGP route flapping.

debug ip bgp dampening

Debugs BGP event processing.

debug ip bgp event

Debugs BGP route filtering.

debug ip bgp filter

Debugs BGP status machine.

debug ip bgp fsm

Debugs BGP neighbor keepalive.

debug ip bgp keepalives

Debugs BGP core route processing.

debug ip bgp nsm

Debugs BGP UPDATE packets.

debug ip bgp update

Debugs BGP EVPN.

debug ip bgp evpn

Debugs BGP VXLAN exchanging.

debug ip bgp vxlan

Debugs BGP TRACK exchanging.

debug ip bgp track

Debugs BGP UPDATE-GROUP.

debug ip bgp update-group

8 Configuring RIPng
8.1 Overview
RIP next generation (RIPng) is a unicast routing protocol that applies to IPv6 networks. RIPng-enabled routers exchange routing
information to obtain routes to remote networks.
As an Interior Gateway Protocol (IGP), RIPng can run only within the autonomous system (AS) and is applicable to small-sized
networks with routes no more than 16 hops.
Protocols and Standards



RFC2080: Defines the RIPng.

8.2 Application
RIPng is generally used on some small-sized networks, such as office networks of small companies.
Asshown inthe following figure,the company builds an IPv6 network, on which all routers support IPv6.The network is small insize,
but the workload is still heavy if the network is maintained manually. In this case, RIPng can be configured to adapt to topological
changes of the small-sized network, which reduces the workload.
Figure 8- 1
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8.3 Features
Basic Concepts



IGP and EGP

IGP runs within an AS. For example, RIPng is a type of IGP.
Exterior Gateway Protocol (EGP) runs between ASs. For example, BGP is a type of EGP.
Feature
Feature

Description

RIPng and RIP

RIPng is an extension of RIPv2 on the basis of IPv6. Both are similar in functions and configurations.

Exchanging Routing

By exchanging routing information, RIPng-enabled devices can automatically obtain routes to a remote

Information

network and update routes in real time.

Routing Algorithm

RIPng is a protocol based on the distance-vector algorithm. It uses the vector addition method to compute
the routing information.

Avoiding Route Loops

RIPng uses functions, such as split horizon and poison reverse, to avoid route loops.

8.3.1 RIPng and RIP

RIP applies to IPv4 networks. Two RIP versions are available, including RIPv1 and RIPv2.
RIPng is an extension of RIPv2 on the basis of IPv6. Both are similar in functions and configurations.
Working Principle



RIPv2

RIPv2 packets are multicast. The multicast address is 224.0.0.9, and the UDP port ID is 520. RIPv2 can identify the subnet mask.



RIPng

RIPng packets are multicast. The multicast address is FF02::9, the source address is FE80::/10, and the UDP port ID is 521. RIPng can
identify the subnetmask.
This chapter describes functions and configurations of RIPng. For details about RIPv2, see "Configuring RIP".
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Related Configuration



Enabling the RIPng Process

By default, the RIPng process is disabled.
Run the ipv6 router rip command to enable the RIPng process.
You must enable the RIPng process on a device; otherwise, all functions related to RIPng cannot take effect.



Running RIPng on an Interface

By default, RIPng does not run on an interface.
Run the ipv6 rip enable command to run RIPng on an interface.
AfterRIPngrunsonaninterface,RIPngpacketscanbeexchangedontheinterfaceandRIPngcanlearnroutestothenetwork
segments directly connected to the device.



Prohibiting an Interface from Sending or Receiving Packets

By default, a RIPng-enabled interface is allowed to send and receive RIPng packets.
Run the passive-interface command to prohibit an interface from sending RIPng packets.
8.3.2 Exchanging Routing Information

Compared withstatic routing, thedynamic routing protocol has a significant advantage, that is, by exchanging routing information,
devices can automatically obtain routes to a remote network and update the routes in real time.
Working Principle



Initialization

After RIPng isenabled on a router, the router sends a request packet to its neighbor router, requesting for all routing information, that
is, the routing table. After receiving the request message, the neighbor router returns a response packet containing the local routing
table. After receiving the response packet, the router updates the local routing table, and sends an update packet to the neighbor
router, informing the neighbor router of the route update information. After receiving the update packet, the neighbor router updates
the local routing table, and sends the update packet to other adjacent routers. After a series of updates, all routers can obtain and
retain the latest routing information.



Periodical Update

Bydefault,periodicalupdateisenabledforRIPng.Adjacent routersexchangecompleteroutinginformationwitheachotherevery30s
(update timer), that is, the entire routing table is sent to neighbor routers.
For every non-local route, if the route is not updated within 180s (invalid timer), the metric of the route is changed to 16
(unreachable). If the route is still not updated in the next 120s (flush timer), the route is deleted from the routing table.



Default Route

In the routing table, a route to the destination network ::/0 is called default route.
The default route can be learned from a neighbor router, or sent to a neighbor router.



Route Redistribution

ForRIPng,othertypesofroutes(suchasdirectroutes,staticroutes,androutesofotherroutingprotocols)arecalledexternalroutes.
External routes (excluding the default route) can be redistributed to RIPng and advertised to neighbors.

www.fs.com
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Route Filtering

Filtering conditions can be configured to limit the routing information exchanged between adjacent routers. Only the routing
information that meets filtering conditions can be sent or received.
Related Configuration



RIPng Timers

By default, the update timer is 30s, the invalid timeris 180s,and the flushtimer is120s.
Run the timers basic command to modify durations of RIPng timers.
Increasing the duration of the flushtimer can reduce the route flapping. Decreasing the duration of the flush timer helps accelerate
route convergence.
ThedurationsofRIPngtimersmustbeconsistentonadjacentrouters.Unlessotherwiserequired,youareadvisednot tomodifythe
RIPng timers.



Default Route

Run the ipv6 rip default-information command to advertise the default route to neighbors on an interface.



Route Redistribution

Run theredistributecommand toredistributeexternal routes (excluding the default route) toRIPng and advertisethem to
neighbors.



Route Filtering

Run the distribute-list out command to set filtering rules to limit the routing information sent by the device.
Run the distribute-list in command to set filtering rules to limit the routing information received by the device.
8.3.3 Routing Algorithm

RIPng is a protocol based on the distance-vector algorithm. It uses the vector addition method to compute the routing information.
Working Principle



Distance-Vector Algorithm

RIPng isa protocol based on the distance-vector algorithm. The distance-vector algorithm treats a route as a vector that consistsof
the destination network and distance (metric). The router obtains a route fromits neighbor and adds the distancevector from itself to
the neighbor to the route to form its own route.
RIPng uses the hop count to evaluate the distance (metric) to the destination network. By default, the hop count from a router to its
directly connected network is 0, the hop count from a router to a network that can be reached through a router is 1, and so on. That is,
the metric is equal to the number of routers from the local network to the destination network. Torestrict the convergence time,
RIPng stipulates that the metric must be an integer between 0 and 15. If the metric is equal to or greater than 16, the destination
network or host is unreachable. For this reason, RIPng cannot be applied to a large-scale network.
Asshown inthe following figure 8-2, Router Ais connected tothe network2::/64. Router B obtains the route (2::/64, 0) from Router A
and adds the metric 1 to the route to obtain its own route (2::/64, 1), and the next hop points to Router A.
Figure 8- 2
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Selecting theOptimum Route

RIPng selects an optimum route based on the following principle: If multiple routes to the same destination network isavailable, a
router preferentially selects the route with the smallest metric.
Asshown inthe following figure8-3, Router A isconnected tothe network 2::/64. Router C obtains the route (2::/64, 0) fromRouter A
and the route (2::/64, 1) from Router B. Router C will select the route that is obtained from Router A and add metric 1 to this route to
form its own route (2::/64, 1), and the next hop points to Router A.
Figure 8- 3

When routes coming from different sources exist on a router, the route with the smaller distance is preferentially selected.
Route Source

Default Distance

Directly-connected network

0

Static route

1

OSPF route

110

IS-IS route

115

RIPng route

120

Unreachable route

255

Related Configuration



Modifying the Distance

By default, the distance of a RIPng route is 120.
Run the distance command to modify the distance of a RIPng route.



Modifying the Metric
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For a RIPng route that is proactively discovered by a device, the default metric is equal to the number of hops from the local network
to the destination network. The metric offset of the interface is 1.
For a RIPng router that ismanually configured (default route or redistributed route), thedefault metricis1.
Run the ipv6 rip metric-offset command to modify the metric offset of the interface.
Run the default-metric command to modify the default metric of an external route (redistributed route).
Run the redistribute command to modify the metric of an external route (redistributed route) when advertising this route.
Run the ipv6 rip default-information command to modify the metric of a default route when advertising the default route.
8.3.4 Avoiding Route Loops

RIPng uses functions, such as split horizon and poison reverse, to avoid route loops.
Working Principle



Route Loop

A RIPng route loop occurs due to inherent defects of the distance-vector algorithm.
As shown in the following figure 8-4, Router A is connected to the network 2::/64, and sends an update packet every 30s. Router B
receives the route to 2::/64 from Router A every 30s. If Router Ais disconnected from 2::/64, the route to 2::/64 will be deleted from the
routing table on Router A. Next time, the update packet sent by Router A no longer contains this route. As Router B does not receive
an update packet related to2::/64, Router B determines that the routeto 2::/64 isvalid within 180s and uses the update packet to send
this route to Router A. As the route to 2::/64 does not exist on Router A, the route learned from Router B is added to the routing table.
Router Bdetermines that data canreach2::/64 throughRouter A,and Router Adetermines that datacan reach2::/64through Router
B. In this way, a route loop is formed.
Figure 8- 4



Split Horizon

Split horizon can prevent route loops. After split horizon is enabled, a route received on this interface will not be sent out from this
interface.
As shown in the following figure 8-5, after split horizon is enabled on Router B, Router B will not send the route to 2::/64 back to
Router A. Router B will learn 180s later that 2::/64 is not reachable.
Figure 8- 5
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Poison Reverse

Poisonreversecanalsopreventrouteloops.Comparedwithslithorizon,poisonreverseismorereliable,butbringsmoreprotocol
packets, which makes network congestion more severe.
After poison reverse is enabled on an interface, a route received from this interface will be sent out from this interface again, but the
metric of this router will be changed to 16 (unreachable).
Asshown inthe followingfigure,afterpoison reverseisenabledon RouterA, ifRouteAdetectsadisconnectionfrom2::/64, RouterA
will not delete the route to 2::/64. Instead, Router A changes the number of hops to 16, and advertises the route through the update
packet. On receiving the update packet, Router B learns that 2::/64 is not reachable.
Figure 8- 6

Related Configuration



Split Horizon

By default, split horizon is enabled.
Run the no split-horizon command to disable split horizon.



Poison Reverse

By default, poison reverse is disabled.
Run the split-horizon poisoned-reverse command to enable poison reverse. (After poison reverse is enabled, split horizon is
automatically disabled.)

8.4 Configuration
Configuration
Configuring RIPng Basic
Functions

Related Commands
(Mandatory) It is used to build a RIPng routing domain.
ipv6 router rip

EnablesaRIPngroutingprocessand entersrouting
process configuration mode.

ipv6 rip enable
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Configuration

Related Commands
split-horizon

Enables split horizon or poison reverse.

passive-interface

Configures a passive interface.

Advertising the Default Route
or External Routes

Optional.
ipv6 rip default-information

Advertise the default route to neighbors on an
interface.

redistribute

Redistributes routes and advertising external
routes to neighbors.

Setting Route Filtering Rules

Optional.
distribute-list in

Filters the received RIPng routing information.

distribute-list out

Filters the sent RIPng routing information.

Modifying Route Selection
Parameters

Optional.
distance

Modifies the administrative distance of a RIPng
route.

ipv6 rip metric-offset

Modifies the metric offset on an interface.

default-metric

Configure the default metric for route
redistribution.

Modifying Timers

Optional.
timers

Modifies the update timer, invalid timer, and flush
timer of RIPng.

8.4.1 Configuring RIPng Basic Functions

Configuration Effect



Build a RIPng routing domain on the network.



Routers in the domain obtain routes to a remote network through RIPng.

Notes



IPv6 addresses must be configured.



IPv6 unicast routes must be enabled.

Configuration Steps



Enabling a RIPng Routing Process



Mandatory.



Unless otherwise required, perform this configuration on every router in the RIPng routing domain.



Running RIPng on an Interface



Mandatory.



Unless otherwise required, perform this configuration on every interconnected interface of routers in the RIPng routing domain.



Enabling Split Horizon or Poison Reverse



By default, split horizon is enabled and poison reverse is disabled.
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Unlessotherwiserequired,enablesplithorizononeveryinterfaceconnectedtothebroadcastnetwork,suchastheEthernet.
(Retain the default setting.)



Unlessotherwiserequired,enable splithorizononeveryinterfaceconnectedtothepoint-to-point(P2P) network,suchasthe
PPP and HDLC. (Retain the default setting.)



Itisrecommendedthatsplithorizon and poisonreversebedisabledonan interfaceconnectedtoanon-broadcastmulti-access
network, such as FR and X.25; otherwise, some devices cannot learn the complete routing information.



Ifthesecondary IPaddressisconfiguredforan interfaceconnectedto anon-broadcast, itisrecommendedthat splithorizon
and poison reverse be disabled.



Configuring a Passive Interface



This configuration is recommended.



Usethe passiveinterfacetosettheboundary oftheRIPngroutingdomain.The networksegment of thepassiveinterface
belongs to the RIPng routing domain, but RIPng packets cannot be sent over the passive interface.



IfRIPngroutes needtobeexchangedon aninterface(suchastherouterinterconnectinterface)intheRIPngroutingdomain,
this interface cannot be configured as a passive interface.

Verification



Check the routing table on a router to verify that the route to a remote network can be obtained through RIPng.

Related Commands



Enabling a RIPng Routing Process

Command

ipv6 router rip

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



This command is used to create a RIPng routing process and enter routing process configuration mode.

Running RIPng on an Interface

Command

ipv6 rip enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The configuration for running the RIPng on an interface is different from that of RIPv2. In RIPv2, the network
commandisconfigured inroutingprocessconfigurationmode todefine anIPaddressrange.IftheIPaddressof an
interface belongs to this IP address range, RIP automatically runs on this interface.



Enabling Split Horizon

Command

split-horizon [ poisoned-reverse ]

Parameter

poisoned-reverse: Indicates that the split horizon function contains the poison reverse function.

Description
Command
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Mode
Usage Guide

Run the show ipv6 rip command to check whether split horizon is enabled.
The configuration isdifferent fromthat of RIPv2. In RIPv2, thesplit horizon functionisconfigured in interface
configuration mode.



Configuring a Passive Interface

Command

passive-interface { default | interface-type interface-num }

Parameter

default: Indicates all interfaces.

Description

interface-type interface-num: Specifies an interface.

Command

Routing process configuration mode

Mode
Usage Guide

First, run the passive-interface default command to configure all interfaces as passive interfaces.
Then, run the no passive-interface interface-type interface-num command so that the interfaces used for
interconnection between routers in the domain are not passive interface.



Displaying the IP Routing Table

Command

show ipv6 route

Parameter

N/A

Description
Command

Privileged EXEC mode or global configuration mode

Mode
Usage Guide

Check whether the routing table contains any route to a remote network that is learned through RIPng.

Configuration Example



Building a RIPng Routing Domain

Scenario
Figure 8- 7

Configuration



Configure IPv6 addresses on all routers.

Steps



Enable RIPng on all routers.

A

A# configure terminal
Enter configurationcommands,oneper line. End withCNTL/Z.
A(config)# ipv6 router rip
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A(config-router)# exit
A(config)# interface GigabitEthernet 0/0
A(config-if-GigabitEthernet 0/0)# ipv6 address 2001:db8::1/32
A(config-if-GigabitEthernet 0/0)# ipv6 rip enable
B

B# configure terminal
Enter configurationcommands,oneper line. End withCNTL/Z.
B(config)# ipv6 router rip
B(config-router)# exit
B(config)# interface GigabitEthernet 0/0
B(config-if-GigabitEthernet 0/0)# ipv6 address 2001:db8::2/32
B(config-if-GigabitEthernet 0/0)# ipv6 rip enable

C

C# configure terminal
Enter configurationcommands,oneper line. End withCNTL/Z.
C(config)# ipv6 router rip
C(config-router)# exit
C(config)# interface GigabitEthernet 0/0
C(config-if-GigabitEthernet 0/0)#
C(config-if-GigabitEthernet 0/0)# ipv6 address 2001:db8::3/32
C(config-if-GigabitEthernet 0/0)# ipv6 rip enable
C(config)# interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)# ipv6 address 2::1/64
C(config-if-GigabitEthernet 0/1)# ipv6 rip enable

Verification

Check the routing tables on Router A, Router B, and Router C. The routing tables should contain routes to a remote
network that are learned through RIPng.

A

A# show ipv6 route

IPv6 routing table name - Default - 6 entries
Codes: C - Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area
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B

R

2::/64 [120/2] via FE80::2D0:F8FF:FEFB:D521, GigabitEthernet 0/0

C

2001:DB8::/32 via GigabitEthernet 0/0, directly connected

L

2001:DB8::1/128 via GigabitEthernet 0/0, local host

C

FE80::/10 via ::1, Null0

C

FE80::/64 via GigabitEthernet 0/0, directly connected

L

FE80::2D0:F8FF:FEFB:E7CE/128 via GigabitEthernet 0/0, local host

B# show ipv6 route

IPv6 routing table name - Default - 6 entries
Codes: C - Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1,N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

C

R

2::/64 [120/2] via FE80::2D0:F8FF:FEFB:D521, GigabitEthernet 0/0

C

2001:DB8::/32 via GigabitEthernet 0/0, directly connected

L

2001:DB8::2/128 via GigabitEthernet 0/0, local host

C

FE80::/64 via GigabitEthernet 0/0, directly connected

L

FE80::2D0:F8FF:FEFB:C9BA/128 via GigabitEthernet 0/0, local host

FS# show ipv6 route

IPv6 routing table name - Default - 9 entries
Codes: C - Connected, L - Local, S- Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1,N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area
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C

2001:DB8::/32 via GigabitEthernet 0/0, directly connected

L

2001:DB8::3/128 via GigabitEthernet 0/0, local host

C

FE80::/10 via ::1, Null0

C

FE80::/64 via GigabitEthernet 0/0, directly connected

L

FE80::2D0:F8FF:FEFB:D521/128 via GigabitEthernet 0/0, local host

C

FE80::/64 via GigabitEthernet 0/1, directly connected

L

FE80::2D0:F8FF:FEFB:D521/128 via GigabitEthernet 0/1, local host

Common Errors



The IPv6 address is not configured on an interface.



The interface used for interconnection between devices is configured as a passive interface.

8.4.2 Advertising the Default Route or External Routes

Configuration Effect



In the RIPng domain, introduce a unicast route of another AS sothat the unicast routing serviceto this AS can be provided for
users in the RIPng domain.



In the RIPng domain, inject a default route to another AS so that the unicast routing service to this AS can be provided for users
in the RIPng domain.

Notes



The RIPng basic functions must be configured.

Configuration Steps



Configuring External Route Redistribution



Optional.



Perform this configuration if external routes of the RIPng domain should be introduced to the AS border router (ASBR).



Generating a Default Route



Optional.



Performthisconfiguration ifthedefault routeshould be introduced toan ASBR sothat other routers intheRIPng domainaccess
other AS domains through this ASBR by default.

Verification



Run theshow ipv6 route rip command on a non-ASBR to checkwhether the external routes of the domain and default route
have been loaded.

Related Commands



Advertising the Default Route to Neighbors on an Interface

Command
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Parameter

only: Advertises only IPv6 default route.

Description

originate: Advertises the IPv6 default route and other routes.
metric metric-value: Indicates the metric of the default route. The value ranges from 1 to 15. The default value is 1.

Command

Interface configuration mode

Mode
Usage Guide

After this command is configured on the interface,an IPv6 default routeis advertised tothe external devices through
this interface, but the route itself is not added to the route forwarding table or the device and the RIPng route
database.
Toprevent occurrence of a route loop, once this command isconfigured on an interface, RIPng refusestoreceive the
default route updates advertised by neighbors.



Redistributing Routes and Advertising External Routes to Neighbors

Command

redistribute { bgp | connected | isis [ area-tag ] | ospf process-id | static } [ metric metric-value | route-map
route-map-name ]

Parameter

bgp: Indicates redistribution from BGP.

Description

Connected: Indicates redistribution from direct routes.
isis [ area-tag ]: Indicates redistribution from IS-IS. area-tag indicates the IS-IS process ID.
ospf process-id: Indicates redistribution from OSPF.process-id indicates the OSPF process ID.The value ranges from 1
to 65535.
static: Indicates redistribution from static routes.
metric metric-value: Sets the metric of the route redistributed to the RIPng domain.
route-map route-map-name: Sets the redistribution filtering rules.

Command

Routing process configuration mode

Mode
Usage Guide

During route redistribution, it is not necessary to convert the metric of one routing protocol to the metric of another
routing protocol because different routing protocols use completely different metric measurement methods. RIP
measures the metric based on the hop count, and OSPF measures the metric based on the bandwidth. Therefore, the
computed metrics cannot be compared with each other.

Configuration Example
Scenario
Figure 8- 8

Configuration



Configure the interface IPv6 addresses on all routers. (Omitted)

Steps



Configure the RIPng basic functions on all routers. (Omitted)



On Router B, configure redistribution of static routes.



On the GE0/1 interface of Router A, configure advertisement of the default route.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ipv6 rip default-information originate
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B

B# configure terminal
B(config)#ipv6routerrip
B(config-router)# redistribute static

Verification



Check the routing tables on Router A and Router B, and confirm that Router A can learn the route
3001:10:10::/64, and Router B can learn the default route ::/0.

A

A# show ipv6 route rip

IPv6 routing table name - Default - 17 entries
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS
N1 - OSPF NSSA external type 1,N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area
R
B

3001:10:10::/64 [120/2] via FE80::2D0:F8FF:FE22:334A, GigabitEthernet 0/1

B# show ipv6 route rip

IPv6 routing table name - Default - 17 entries
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS
N1 - OSPF NSSA external type 1,N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area
R

::/0 [120/2] via FE80::21A:A9FF:FE41:5B06, GigabitEthernet 0/1

8.4.3 Setting Route Filtering Rules

Configuration Effect



Routes that do not meet filtering criteria cannot be loaded to the routing table, or advertised to neighbors. In this way, users
within the network can be prevented from accessing specified destination networks.

Notes



The RIPng basic functions must be configured.

Configuration Steps



Filtering the Received RIP Routing Information
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Torefusereceivingsome specified routes,you canconfiguretheroute distributioncontrollist toprocessall thereceivedroute
update packets. If no interface is specified, route update packets received on all interfaces will be processed.



Filtering the Sent RIP Routing Information



If this command does not contain any optional parameter, route update advertisement control takes effect on all interfaces. If
thecommandcontainstheinterfaceparameter,routeupdateadvertisementcontroltakeseffectonlyon thespecifiedinterface.
Ifthecommand containsother routingprocessparameters,route updateadvertisement controltakeseffectonly on the
specified routing process.

Verification



Run the show ipv6 route rip command to check that the routes that have been filtered out are not loaded to the routing table.

Related Commands
Command

distribute-list prefix-list prefix-list-name { in | out } [ interface-type interface-name ]

Parameter

prefix-list prefix-list-name: Indicates the name of the prefix list, which is used to filter routes.

Description

in | out: Specifies update routes (received or sent routes) that are filtered.
interface-type interface-name: Indicates that the distribution list is applied to the specified interface.

Command

Routing process configuration mode

Mode
Usage Guide

N/A

Configuration Example
Scenario
Figure 8- 9

Configuration



Configure the interface IPv6 addresses on all routers. (Omitted)

Steps



Configure the RIPng basic functions on all routers. (Omitted)



On router A, configure route filtering.

A

A# configure terminal
A(config)# ipv6 prefix-list hello permit 4001::/64
A(config)# ipv6 router rip
A(config-router)# distribute-list prefix-list hello in

Verification

www.fs.com
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A

A# show ipv6 route rip
IPv6 routing table name - Default - 17 entries
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area
R

4001::/64 [120/2] via FE80::2D0:F8FF:FE22:334A, GigabitEthernet 0/1

8.4.4 Modifying Route Selection Parameters

Configuration Effect



Change the RIPng routes to enable the traffic pass through specified nodes or avoid passing through specified nodes.



Change the sequence that a router selects various types of routes so as to change the priorities of RIPng routes.

Notes



The RIPng basic functions must be configured.

Configuration Steps



Modifying the Administrative Distance of a RIPng Route



Optional.



Perform this configuration if you wish to change the priorities of RIPng routes on a router that runs multiple unicast routing
protocols.



Modifying the Metric Offset on an Interface



Optional.



Unless otherwise required, perform this configuration on a router where the metrics of routes need to be adjusted.



Configuring the Default Metric of an External Route Redistributed to RIPng



Optional.



Unless otherwise required, perform this configuration on an ASBR to which external routes are introduced.

Verification



Run the show ipv6 rip command to display the administrative distance of RIPng routes.



Run the show ipv6 rip data command to display the metrics of external routes redistributed to RIPng.

Related Commands



Modifying the Administrative Distance of a RIPng Route
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Command

distance distance

Parameter

distance: Sets the administrative distance of a RIPng route. The value is an integer ranging from 1 to 254.

Description
Command

Routing process configuration mode

Mode
Usage Guide



Run this command to set the administrative distance of a RIPng route.

Modifying the Metric Offset on an Interface

Command

ipv6 rip metric-offset value

Parameter

value: Indicates the interface metric offset. The value ranges from 1 to 16.

Description
Command

Routing process configuration mode

Mode
Usage Guide

Before a route is added to the routing table, the metric of the route must be added with the metric offset set on the
interface. You can control the use of a route by setting the interface metric offset.



Configuring the Default Metric of an External Route Redistributed to RIPng

Command

default-metric metric

Parameter

metric: Indicates the default metric.The valid value ranges from 1 to 16. If the value is equal to or greater than 16, the

Description

FSOS determines that this route is unreachable.

Command

Global configuration mode

Mode
Usage Guide

If the metric is not specified during redistribution of a routing protocol process, RIPng uses the metric defined by the
default-metric command. If the metricisspecified, the metricdefined by thedefault-metric command is
overwritten by the specified metric. If this command is not configured, the value of default-metric is 1.

Configuration Example



Modifying the Administrative Distance of a RIPng Route

Scenario
Figure 8- 10

Configuration



Configure the interface IPv6 addresses on all routers. (Omitted)

Steps



Configure the RIPng basic functions on all routers. (Omitted)



On Router A, set the administrative distance of a RIPng route to 160.

A# configure terminal
A(config)# ipv6 router rip
A(config-router)# distance 160
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Verification



On Router A, check whether the administrative distance of a RIPng route is 160.

A# show ipv6 route rip | in 3001::/64
R

3001::/64 [160/2] via FE80::2D0:F8FF:FE22:334A, GigabitEthernet 0/1

8.4.5 Modifying Timers

Configuration Effect



Change the duration of RIPng timers to accelerate or slow down the change of the protocol state or occurrence of an event.

Notes



The RIPng basic functions must be configured.



Modifying the protocol control parameters may result in protocol running failures.Therefore, you are advised not tomodify the
timers.

Configuration Steps



Modifying the Update Timer, Invalid Timer, and Flush Timer



Mandatory.



Unless otherwise required, perform this configuration on a router where RIPng timers need to be modified.

Verification



Run the show ipv6 rip command to display settings of timers.

Related Commands
Command

timers update invalid flush

Parameter

Update: Indicates the route update time in second. It defines the interval at which the device sends the route update

Description

packet.Each timean update packet is received, theinvalid timer and flush timerare reset.By default,a route update
packet is sent every 30s.
Invalid:Indicates the route invalid time insecond, counted fromthe last timewhen a valid update packet is received.
It defines the time after which the route in the routing list becomes invalid because the route is not updated. The
duration of the invalid timer must be at least three times the duration of the update timer. If no update packet is
received before the invalid timer expires, the corresponding route enters the invalid state. If the update packet is
received before the invalid timer expires, the timer is reset. The default duration of the invalid timer is 180s.
Flush: Indicates the route flushing time in second, counted from the time when the RIPng route enters the invalid
state. When the flush timer expires, the route in the invalid state will be deleted from the routing table. The default
duration of the flush timer is 120s.

Command

Routing process configuration mode

Mode
Usage Guide

By default, the update timer is 30s, the invalid timer is 180s, and the flush timer is 120s.

Configuration Example
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Scenario
Figure 8- 11

Configuration



Configure the interface IPv6 addresses on all routers. (Omitted)

Steps



Configure the RIPng basic functions on all routers. (Omitted)



On Router A, configure the update timer, invalid timer, and flush timer.

B

B# configure terminal
B(config)#ipv6routerrip
B(config-router)# timers 10 30 90

Verification



B

B# show ipv6 rip

On Router B, check the settings of RIPng timers.

Routing Protocol is "RIPng"
Sending updates every 10 seconds with +/-50%, next due in 12 seconds
Timeout after 30 seconds, garbage collect after 90 seconds
Outgoing update filter list for all interface is: not set
Incoming update filter list for all interface is: not set
Default redistribution metric is 1
Default distance is 120
Redistribution:
Redistributing protocol connected
Defaultversioncontrol: sendversion1,receive version1
Interface
GigabitEthernet 0/1

Send
1

Recv
1

Routing Information Sources:
Gateway: fe80::2d0:f8ff:fe22:334a Distance: 120
Last Update: 00:00:02

Bad Packets: 0

Bad Routes: 0

Common Errors



Settings of RIPng timers on devices connected to the same network are inconsistent. Consequently, routes cannot be learned
properly.
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8.5 Monitoring
Displaying
Description

Command

Displays information about the RIPng

show ipv6 rip

process.
Displays the RIPng routing table.

show ipv6 rip database

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs RIPng.

debug ipv6 rip [interface interface-type interface-num | nsm | restart ]

9 Configuring PBR
9.1 Overview
Policy-based routing (PBR) is implemented by applying a route map including policies to interfaces and devices.
Similartostaticrouting,PBRisalsomanuallyconfiguredandcannotautomaticallyupdatewithnetworkchanges.Inaddition,PBRis
effectiveonlyforpacketssentfromlocalinterfacesanddevices.Ascomparedwithstaticanddynamicrouting, PBRismoreflexible.
Static and dynamic routing can forward packets only based on destination addresses. PBR can forward packets based on source and
destination addresses, packet length and input interface.

9.2 Applications
Application

Description

Selecting an ISP by Using PBR

Specify preferential output interfaces for packets from different subnets.

Implementing Traffic Classification by

Specify QoS values for packets from different subnets.

Using PBR
9.2.1 Selecting an ISP by Using PBR

Anexistingusernetworkoften usesresourcesof multipleinternetserver providers(ISPs).PBRneeds tobeusedsince different
bandwidths may be requested from different ISPs or the network resources for key users need to be protected. By controlling
forwardingofcertaindatapackets,youcanmakefulluseISPresourcesaswellasmeettherequirementsofflexibleanddiversified
applications.
Scenario
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Figure 9- 1

A LAN has two output interfaces for connecting the Internet. PBR is configured on the layer-3 deviceDEV1 toenable the two output
interfaces to implement load sharing and mutual backup.
The specific requirements are as follows:



Data streams from subnet 1 are sent from GE 0/1.



Data streams from subnet 2 are sent from GE 0/2.



If the GE 0/1 link is disconnected, the data streams on GE 0/1 are switched to GE 0/2. Vice versa.

Deployment



Configure two different ACLs on the layer-3 device DEV1:
ACL1: source addresses belong to subnet 1.
ACL2: source addresses belong to subnet 2.



Configure two policies in the route map on the layer-3 device DEV1:
Policy 1: sets the next hops for packets matching ACL1 to GE0/1 and GE0/2 (Based on the configuration sequence, GE0/1 takes
effect first and GE0/2 works in the backup mode).
Policy 2: sets the next hops for packets matching ACL2 to GE0/2 and GE0/1 (Based on the configuration sequence, GE0/2 takes
effect first and GE0/1 works in the backup mode).



Configure PBR on GE0/3 (by using a route map). Then, packets received on this interface are forwarded based on the policies.

9.2.2 Implementing Traffic Classification by Using PBR

Scenario
Networksof medium- andsmall-sizedenterpriseshavesimplestructures.Differentbranchnodesareinterconnectedtothecentral
nodes through carrier dedicated lines or the Internet VPN mode. Enterprise networks often need to implement three-in-on
integration (of audio, video and data) to maximize the utilization of existing IP networks and save costs. Sinceall traffic isoutput from
a single output interface, it is necessary to adjust the QoS policies for the output interface, in order to provide preferential
communication quality for bandwidth- and delay-sensitive applications.
Figure 9- 2
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ALANhasanoutputinterfaceforconnectingtheInternet.PBRisconfiguredonthelayer-3deviceDEV1tochange theQoSvaluesfor
packets from different networks.
The specific requirements are as follows:



For data streams from subnet 1, representing audio streams, set the DSCP value to 56.



For data streams from subnet 2, representing video streams, set the DSCP value to 40.



For data streams from subnet 3, representing data streams, set the DSCP value to 24.

Deployment



Configure three different ACLs on the layer-3 device DEV1:
ACL1: source addresses belong to subnet 1.
ACL2: source addresses belong to subnet 2.
ACL3: source addresses belong to subnet 3.



Configurethreepoliciesintheroutemaponthelayer-3deviceDEV1:
Policy 1: sets the DSCP value for packets matching ACL1 to 56.
Policy 2: sets the DSCP value for packets matching ACL2 to 40.
Policy 3: sets the DSCP value for packets matching ACL3 to 24.



Configure PBR on GE0/3 (by using a route map). Then, the DSCP values for packets received on this interface are changed based
on the policies.

9.3 Features
Feature

Description

Configuring a Policy

Before configuring PBR, configure policies in a route map.

Configuring PBR

Apply a route map including policies to interfaces and devices to implement PBR.

9.3.1 Configuring a Policy

A policy is a "match …, set…" statement, which indicates that "if certain conditions are matched, perform certain processing actions".
For detailed introduction to the policies, see the section "Route Map".
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Executing Policies
Intheglobal configuration mode,you canrun theroute-maproute-map-name [permit |deny] [sequence-number]command to
create a policy in a route map.
A route map may contain multiple policies. Each policy has a corresponding sequence number. A smaller sequence number means a
higher priority. Policies are executed based on their sequence numbers. Once the matching condition of a policy is met, the
processing action for this policy needs to be executed and the route map exits. If no matching condition of any policy is met, no
processing action will be performed.
Policies have two working modes:



permit: When the matching condition of a policy is met, perform the processing action for this policy and exit the route map.



deny: When the matching condition of a policy is met, do not perform the processing action for this policy and exit the route
map.

Matching conditions of policies
The matching conditions of a policy may contain 0, 1 or more matching rules.



If 0 matching rule is contained, no packet will be matched.



If one or more match rules are contained, all match rules must be matched at the same time to meet the matching conditions of
the policy.

In the route map mode, run the match command to configure match rules. One match command is mapped to one match rule.
PBR supports the following match commands:
Command

Description

match ip address

The source IPv4 address (and the destination IPv4 address) is used as the
matching condition.
Multiple match ip address commands can be configured in a policy.

match ipv6 address

IPv6
PBR

The source IPv6 address (and the destination IPv6 address) is used as the
matching condition.
Only one match ipv6 policy command can be configured in a policy.

IPv4 PBR defines the source IP address (and destination IP address) ranges of packets by using the IP standard or extended ACLs.
IPv6 PBR defines the source IPv6 address (and destination IPv6 address) ranges of packets by using the IPv6 extended ACLs.
Packet forwarding based on policies of IPv4 PBR interfaces supports expert-level and MAC name ACLs. Packet forwarding based
on local policies does not support expert-level and MAC name ACLs.
WhenPBR uses an ACL that is unavailable, theroute sub-map will not be matched and the next route sub-map will be matched
instead. Ifno routesub-map ismatched, acommon routewillbe selectedfor forwarding. If onlyACLs areconfigured but no ACE
is configured, the PBR forwarding behavior is the same as that in a scenario where an ACL is unavailable
On a switch, if a route sub-map uses multiple ACLs in PBR, only the first ACL is matched.
Processing action for a policy
The processing action of a policy may contain 0, 1 or more set rules.



If 0 set rule is contained, no processing action will be performed and the route map will directly exit.

www.fs.com

1259

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



If one or more set rules are contained, all processing actions will be performed and the route map will exit.
If set rules have different priorities, the set rule with the highest priority will take effect.

In the route map mode, run the set command to configure set rules. One set command is mapped to one set rule.
PBR supports the following set commands:

IPv4

Command

Description

set ip tos

Modifies the tos field of an IPv4 packet.

PBR

Command set ip and dscp cannot work with each other.
set ip precedence

Modifies the precedence field of an IPv4 packet.
Command set ip and dscp cannot work with each other.

set ip dscp

Modifies the dscp field of an IPv4 packet.
Command set ip tos and precedence cannot work with each other.

set ip next-hop

Configures the next hop of IPv4 packet forwarding.The next hop must be directly
connected; otherwise, this command is invalid.
A packet matching the match rules will be forwarded to the next hop specified by
set ip next-hop first, no matter whether the route selected for the packet in the
routing table is consistent with the next hop specified by PBR.
On aswitch, theoutput interfaces fornext hops supported by PBR include
the SVI, routing and layer-3 AP interfaces.

set ip next-hop recursive

Configurestherecursivenext hop ofIPv4 packetforwarding.The next hop canbe
directly connected or not directly connected. A non-directly-connected next hop
will recur to a static or dynamic route in the routing table.
This command supports recursion to multiple ECMP next hops of a static or
dynamicroute. A maximum of 32 next hops are supported. If a recursiveroute isa
static route, only one next hop is supported for the static recursive route.
The redundant backup or load balancing mode of multiplerecursivenext hops is
also determined by the ip policy { redundance | load-balance } command.
A packet matching the match rules will be forwarded to the recursive next hop
specifiedby set ipnext-hoprecursive first, no matter whetherthe routeselected
for the packet in the routing table is consistent with the next hop specified by PBR.
Only when a static or dynamic route has an output interface and a next-hop
IP address, the policy-based recursive next hop can take effect.

set ip default next-hop

Configures the default next hop of IPv4 packet forwarding.
A packet matching the match rules will be forwarded to the default next hop
specified by this command if a route fails to be selected or the default route is
selected for this packet in the routing table.

IPv6

set ipv6 precedence

PBR

Modifies the precedence field of an IPv6 packet.
IPv6 PBR does not support set ipv6 tos or set ipv6 dscp.

set ipv6 next-hop

Configures the next hop of IPv6 packet forwarding.
An IPv6 packet matching the match rules will be forwarded to the next hop
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Command

Description
specified by set ipv6 next-hop first, no matter whether the route selected for the
IPv6 packet in the routing table is consistent with the next hop specified by PBR.
The next hop must be directly connected; otherwise, this command is invalid.

set ipv6 next-hop recursive

Configures the recursive next hop for IPv6 packet forwarding. The next hop can be
directly or indirectly connected. An indirectly connected next hop will be recursed
to a static or dynamic route in the routing table.
This command supports recursion to multiple ECMP next hops of a static or
dynamic route, and a maximum of 32 next hops are supported.
The redundancy or load balancing mode of multiple recursive next hops is
determined by the ipv6 policy { redundance | load-balance } command.
A packet matching the match rules will be first forwarded to the next hop specified
by the set ipv6 next-hop recursive command, regardless of whether the route
selected for the packet in the routing table is consistent with the next hop
specified by PBR.
The recursive next hop takes effect only upon recursion to a static or dynamic
route that has an egress and next-hop IPv6 address.

set ipv6 default next-hop

Configures the default next hop of IPv6 packet forwarding.
An IPv6 packet matching the match rules will be forwarded to the default next hop
specified by this command if a route fails to be selected or the default route is
selected for this packet in the routing table.
The next hop must be directly connected; otherwise, this command is invalid.

The priority sequenceis as follows: set vrf > set ip next-hop >set ip next-hop > set ip next-hop recursive > common route>
set ip default next-hop > default route. The preceding set commands can be configured at the same time but only the
command with the highest priority takes effect.
The priority sequence is as follows: set ipv6 next-hop > set ipv6 next-hop recursive > common route > set ipv6 default
next-hop > default route. The preceding set commands can be configured at the same time but only the command with the
highest priority takes effect.
For switches, the set ipv6 default next-hop command does not take effect for IPv6 addresses whose mask length exceeds 64.
9.3.2 Configuring PBR

PBR
Apply a route map including policies to interfaces or devices to implement PBR.



Apply a route map to an interface so that packets received by the interface are routed based on the policy.
ThePBRisoftenusedtocontroluserpacketsreceivedbyadevice.Thiscommandiseffectiveonlyforforwardedpackets,but
not for locally initiated packets.



Apply a route map to a device so that packets locally initiated are routed based on the policy.
The PBR is often used to control protocol packets exchanged between devices (such as ping packets sent locally). This command
is effective only for locally initiated packets, but not for forwarded packets.
By default, PBR is not unavailable on a device and packets are forwarded based on a routing table.
On a switch, the interfaces which support PBR are L3 Ethernet interface, SVI interface and L3 AP interface.
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Redundant backup or load balancing
Youcan set multiple next hops in a policy. Either redundant backup or load balancing can be implemented among multiple next hops.
Redundant backup is implemented by default.
Redundant backup or load balancing isonly effective for next hops configured in the set ip next-hop, set ipnext-hop
recursive,setipdefaultnext-hop,setipv6next-hop,setipv6next-hoprecursiveand setipv6default next-hop
commands, and only effective among multiple next hops in the same set rule.



Redundant backup
Basedontheconfigurationsequence,thefirstaccessiblenexthoptakeseffect.Whenthecurrentlyeffectivenext hop(R1)is
faulty, the traffic automatically switches to the next accessible next hop (R2). When R1 becomes accessible again, the traffic
automatically switches back to R1.
A newly added next hop is arranged at the last of the sequence. Assume that the original sequence of multiple next hops is R1 >
R2 > R3. After R1 is deleted and added again, the sequence changes to R2 > R3 > R1.
If no next hop is accessible, packets will be discarded.

Correlation with BFD
Correlation between PBR and BFD is effective only for next hops configured by the set ip next-hop or set ipv6 next-hop command.
The set ip next-hop and set ipv6 next-hop commands carry the verify-availability and bfd [ vrf vrf-name ] interface-type
interface-number gateway parameters, which can establish correlation between PBR and a BFD session and monitor the accessibility of
next hops.
Correlation between PBR and BFD helps enhance the PBR's perception about network environment changes. When BFD detects that
the current next hop is not accessible, the BFD will immediately notify the PBR to switch the traffic to another accessible next hop (to
implement redundant backup) or all the other accessible next hops (to implement load balancing).
For the configuration and related commands for correlation between PBR and BFD, see the "BFD" section.
Correlation with Track
Correlation between PBR and Track is effective only for next hops configured by the set ip next-hop command.
The set ip next-hop command carries the verify-availability and track track-obj-number parameters, which can establish correlation
between PBR and a Track session and monitor the accessibility of next hops.
Correlation between PBR and Track helps enhance the PBR's perception about network environment changes. When Track detects
that the current next hop is not accessible, theTrack will immediately notify the PBR to switch the traffic to another accessible next
hop (to implement redundant backup) or all the other accessible next hops (to implement load balancing).
Only IPv4 PBR supports correlation with Track.
For the configuration and related commands for correlation between PBR and Track, see the "RNS" section.
Source-addressed-based PBR
Run the global configuration commands ip policy-source in-interface and ipv6 policy-source in-interface to directly generate
source-address-based PBR. You do not need to configure a route map.



Ifonly sourceIPv4 or Ipv6 addressesneedtobematched forpacketsforwarded byan interface, you can applythecommand for
source-address-based PBR. The procedure for configuring this command is simpler than that for interface-based PBR.



If source-address-based PBR is applied to a specified interface, packets received on this interface will be routed based on
policies according to the source addresses.
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ThePBRisoftenusedtocontroluserpacketsreceivedbyadevice.Thiscommandiseffectiveonlyforforwardedpackets,but
not for locally initiated packets.
Source-address-basedPBRhas ahigherprioritythaninterface-basedPBR.Ifsource-address-basedPBRand interface-basedPBR
are applied to the same interface, only interface-based PBR takes effect.
By default, source-address-based routing is not available on devices and packets are forwarded based on the routing table.

9.4 Limitations



If PBR refers ACL which does not exist, the route submap is not matched but match the next route submap. When all route
submaps do not match, it is forwarded through common route. It is the same if only ACL is configured but the ACE is not.



On a switch, if a route submap of PBR refers to multiple ACLs, it matches only the first ACL and does not match the
subsequent ACL.

9.5 Configuration
Configuration

Description and Command
(Mandatory) It is used to apply PBR to forward packets.
ip policy route-map

Configuring Basic Functions of PBR
ipv6 policy route-map

Applies PBR for IPv4 packets received by an
interface.
Applies PBR for IPv6 packets received by an
interface.

ip local policy route-map

AppliesPBRfor IPv4packetslocallyinitiated.

ipv6 local policy route-map

AppliesPBRfor IPv6packetslocallyinitiated.

(Optional)ItisusedtosetwhetherPBR implementsredundantbackupor loadbalancing
among multiple nexthops.
Sets whether IPv4 PBR implements
Setting Redundant Backup or Load

ip policy { redundance | load-balance }

Balancing

redundant backup orload balancing among
multiple next hops. The default setting is
redundant backup.
Sets whether IPv6 PBR implements

ipv6 policy { redundance | load-balance }

redundant backup orload balancing among
multiple next hops. The default setting is
redundant backup.

(Optional) It is used to apply source-address-based PBR to forward packets.
Configuring Source-Address-Based
PBR

ip policy-source in-interface
Ipv6 policy-source in-interface
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9.5.1 Configuring Basic Functions of PBR

Configuration Effect
Perform personalized routing management for user data streams by preparing flexible policies.
Perform personalized management for protocol interaction and network topologies by preparing flexible policies.
Notes



A route map must be used when PBR is configured; therefore, you must configure a route map on a device.



If an ACL is used when the route map is configured, you must configure the ACL on the device.

Configuration Steps



Applying PBR for IPv4 packets received by an interface



To perform personalized routing management for IPv4 user data streams passing a device, you should perform this
configuration.



Perform this configuration on the input interface for user data streams.



Runtheippolicyroute-mapcommandtoapplyaroutemaptoaninterface.Then,PBRisexecutedforIPv4packetsreceivedon
this interface.

Command

ip policy route-map route-map-name

Parameter

route-map-name: Indicates the name of a route map.

Description
Defaults

By default, PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Interface configuration mode

Mode
Usage Guide

Only one ip policy route-map command can be configured for an interface. If multiple ip policy route-map
commandsareconfiguredforaninterface,onlythelastconfigurationtakeseffect.
If the route map used in PBR is unavailable, the PBR does not take effect.
It will not take effect, if the PBR is configured on DAILER, loopback or tunnel interface.



Applying PBR for IPv6 packets received by an interface



To perform personalized routing management for IPv6 user data streams passing a device, you should perform this
configuration.



Perform this configuration on the input interface for user data streams.



Runtheipv6policyroute-mapcommandtoapplyaroutemaptoaninterface.Then,PBRisexecutedforIPv6packetsreceived
on this interface.

Command

ipv6 policy route-map route-map-name

Parameter

route-map-name: Indicates the name of a route map.

Description
Defaults

By default, PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Interface configuration mode

Mode
Usage Guide
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commandsareconfiguredforaninterface,onlythelastconfigurationtakeseffect.
If the route map used in PBR is unavailable, the PBR does not take effect.
It will not take effect, if the PBR is configured on DAILER, loopback or tunnel interface.



Applying PBR for IPv4 packets locally initiated



Toperformpersonalizedmanagement forIPv4protocol interactionand IPv4 networktopologies, youshouldperformthis
configuration.



Runtheiplocalpolicyroute-mapcommandtoapplyaroutemaptoadevice.Then,PBRisexecutedforIPv4packetslocally
initiated.

Command

ip local policy route-map route-map-name

Parameter

route-map-name: Indicates the name of a route map.

Description
Defaults

By default, PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Global configuration mode

Mode
Usage Guide

Only one ip local policy route-map command can be configured for a device.
If the route map used in PBR is unavailable, the PBR does not take effect.



Applying PBR for IPv6 packets locally initiated



Toperformpersonalizedmanagement forIPv6protocol interactionand IPv6 networktopologies, youshouldperformthis
configuration.



Runtheipv6localpolicyroute-mapcommandtoapplyaroutemaptoadevice.Then,PBRisexecutedforIPv6packetslocally
initiated.

Command

ipv6 local policy route-map route-map-name

Parameter

route-map-name: Indicates the name of a route map.

Description
Defaults

By default, PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Global configuration mode

Mode
Usage Guide

Only one ipv6 local policy route-map command can be configured for a device.
If the route map used in PBR is unavailable, the PBR does not take effect.

Verification



Check the configurations of PBR.



Check the configurations of the route map used by PBR.



If an ACL is used when the route map is configured, you should check the configurations of the ACL.



Checking the configurations of IPv4 PBR

Command

show ip policy [ route-map-name ]

Parameter

route-map-name: Indicates the name of a route map.

Description
Command

www.fs.com
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Mode
Usage Guide

Check theinterfaces configured with IPv4 PBR according to the output information and the name of the used route
map.
FS# show ip policy
Banlance mode: redundance
Interface

Route map

local

RM_for_PBR_1

GigabitEthernet0/1

RM_for_PBR_2

Local indicates applying policy-based routing for IPv4 packets locally initiated.



Checking the configurations of IPv6 PBR

Command

show ipv6 policy [ route-map-name ]

Parameter

route-map-name: Indicates the name of a route map.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Check theinterfaces configured with IPv6 PBR according to the output information and the name of the used route
map.
FS#show ipv6 policy
Banlance mode: redundance
Interface

Route map

local

RM_for_PBR_1

VLAN 1

RM_for_PBR_2

Local indicates applying policy-based routing for IPv6 packets locally initiated.



Checking the configurations of a route map

Command

show route-map [ route-map-name ]

Parameter

route-map-name: Indicates the name of a route map.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Multipleroute maps may be available on a device. Focus on the route map used in PBR and check itspolicy settings.
FS# show route-map
route-map RM_FOR_PBR, permit, sequence 10
Match clauses:
ip address acl1
Set clauses:
ip next-hop 200.24.18.1
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route-map RM_FOR_PBR, permit, sequence 20
Match clauses:
ip address acl2
Set clauses:
ip next-hop 200.24.19.1



Checking the configurations of an ACL

Command

show access-lists [ acl-id | acl-name ]

Parameter

acl-id: Indicates the ACL ID.

Description

acl-name: Indicates the ACL name.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Multiple ACLs may be available on a device. Focus on the ACL used by a route map and check its configurations.
FS# show access-lists 1
ip access-list standard 1
10 permit 200.24.16.0 0.0.0.255
ip access-list standard 2
10 permit 200.24.17.0 0.0.0.255



Checking the routing information of IPv4 PBR

Command

show ip pbr route [ interface if-name | local ]

Parameter

if-name: Indicates an interface name.

Description

local: Indicates local.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

SpecifyalocalinterfaceordeviceandchecktheroutinginformationofIPv4PBR.
FS# show ip pbr route
PBR IPv4 Route Summay : 1
Interface
Sequence

10

Min Length

: None

Max Length

: None

VRF ID

0

Route Flags

:

RouteType

: PBR

Direct

: Permit

Priority

www.fs.com
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Tos_Dscp

:None

Precedence

:None

Tos_Dscp

:0

Precedence

:0

Mode

: redundance

Nexthop Count : 1



Nexthop[0]

: 192.168.8.100

Weight[0]

:1

Ifindex[0]

2

Checking the routing information of IPv6 PBR

Command

show ipv6 pbr route [ interface if-name | local ]

Parameter

if-name: Indicates an interface name.

Description

local: Indicates local.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

SpecifyalocalinterfaceordeviceandchecktheroutinginformationofIPv6PBR.
FS# show ipv6 pbr route
PBR IPv6 Route Summary : 1
Interface

: GigabitEthernet 0/1

Sequence

10

ACL[0]

2900

ACL_CLS[0]

5

Min Length

: None

Max Length

: None

VRF ID

0

Route Flags
RouteType

: PBR

Direct

: Permit

Priority
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:

: High

Tos_Dscp

: None

Precedence

: None

Tos_Dscp

0

Precedence

0

Mode

: redundance

Nexthop Count

1
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Nexthop[0]

:10::2

Weight[0]

:1

Ifindex[0]

2

Checking a route map used by IPv4 PBR

Command

show ip pbr route-map rmap-name

Parameter

rmap-name: Indicates the route map name.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Specify a route map and check the route map used by IPv4 PBR.
FS# show ip pbr route-map rm
PBR VRF: GLOBAL, ID: 0
Forward Mode: redundance
Forwarding: On

Route-map rm
Route-map index: Sequence 10, permit
Match rule:
ACL ID :

2900, CLS: 1, Name: acl1

Set rule:
IPv4nexthop: 192.168.8.100, (VRF name:,ID: 0),Weight:0
PBRstateinfoifx:2,Connected:True,Trackstate:Up



Checking a route map used by IPv6 PBR

Command

show ipv6 pbr route-map rmap-name

Parameter

rmap-name: Indicates the route map name.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Specify a route map and check the route map used by IPv6 PBR.
FS# show ipv6 pbr route-map rm6
PBR VRF: GLOBAL, ID: 0
Forward Mode: redundance
Forwarding: On

Route-map rm6
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Route-map index: Sequence 10, permit
Match rule:
ACL ID :

2901, CLS: 5, Name: acl6

Set rule:
IPv6 nexthop: 10::2, (VRF name: , ID: 0), Weight: 0
PBR state info ifx: 2, Connected: True, Track state: Up



Checking the statistics about packets forwarded by IPv4 PBR

Command

show ip pbr statistics [ interface if-name | local ]

Parameter

if-name: Indicates an interface name.

Description

local: Indicates local.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

FS# show ip pbr statistics
IPv4 Policy-based route statistic
gigabitEthernet 0/1
statistics : 10



Checking the statistics about packets forwarded by IPv6 PBR

Command

show ipv6 pbr statistics [ interface if-name | local ]

Parameter

if-name: Indicates an interface name.

Description

local: Indicates local.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

FS# show ipv6 pbr statistics
IPv6 Policy-based route statistic
gigabitEthernet 0/1
statistics : 20

Configuration Example
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Configuring IPv4 PBR and selecting an output link based on source addresses of packets

Scenario
Figure 9- 3

Thelayer-3deviceDEV1isconnectedtosubnet1andsubnet2throughGE0/3.Thenetworksegmentwheresubnet
1 resides is 200.24.16.0/24 whereas the network segment where subnet 2 resides is 200.24.17.0/24.
DEV 1 isconnected to theInternet through GE0/1 and GE0/2 and their next hops are 200.24.18.1 and 200.24.19.1.
This LAN has two output interfaces for connecting the Internet. The requirements are as follows:



Data streams from subnet 1 for accessing the Internet should pass GE 0/1.



Data streams from subnet 2 for accessing the Internet should pass GE 0/2.



If the GE 0/1 link isdisconnected, the data streams on the GE 0/1 interface are switched to the GE 0/2interface.
Vice versa.

Configuration



Configure two ACLs to match packets from subnets 1 and 2 respectively.

Steps



Set a policyto set the next hops for packets from subnet 1 toGE0/1 and GE0/2. (Pay attention to the
configuration sequence.)



Set a policyto set the next hops for packets from subnet 2 toGE0/2 and GE0/1. (Pay attention to the
configuration sequence.)



Apply the policy to GE 0/3.



Set PBR to implement redundant backupamong multiplenext hops. (The default setting isredundant backup.)
During redundant backup, based on the configuration sequence, the first next hop takes effect first.

DEV1(config)# access-list 1 permit 200.24.16.0 0.0.0.255
DEV1(config)# access-list 2 permit 200.24.17.0 0.0.0.255
DEV1(config)# route-map RM_FOR_PBR 10
DEV1(config-route-map)# match ip address 1
DEV1(config-route-map)# set ip next-hop 200.24.18.1
DEV1(config-route-map)# set ip next-hop 200.24.19.1
DEV1(config-route-map)# exit
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DEV1(config)# route-map RM_FOR_PBR 20
DEV1(config-route-map)# match ip address 2
DEV1(config-route-map)# set ip next-hop 200.24.19.1
DEV1(config-route-map)# set ip next-hop 200.24.18.1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)#ippolicy route-map RM_FOR_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ip policy redundance

Verification



Check the configurations of IPv4 PBR.



Check the configurations of the route map.



Check the configurations of an ACL.

DEV1# show ip policy
Interface
GigabitEthernet 0/3

Route map
RM_FOR_PBR

DEV1# show route-map
route-map RM_FOR_PBR, permit, sequence 10
Match clauses:
ip address 1
Set clauses:
ip next-hop 200.24.18.1 200.24.19.1
route-map RM_FOR_PBR, permit, sequence 20
Match clauses:
ip address 2
Set clauses:
ip next-hop 200.24.19.1 200.24.18.1
DEV1# show access-lists
ip access-list standard 1
10 permit 200.24.16.0 0.0.0.255
ip access-list standard 2
10 permit 200.24.17.0 0.0.0.255



Configuring IPv6 PBR and selecting an output link based on source addresses of packets
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Scenario
Figure 9- 4

DEV1isconnectedtosubnet1and subnet2throughGE0/3.Thenetworksegmentwheresubnet 1residesis
2003::/64 whereas the network segment where subnet 2 resides is 2004::/64.
DEV1 is connected to the Internet through GE0/1 and GE0/2 and their next hops are 2001::1/64 and 2002::1/64.
This LAN has two output interfaces for connecting the Internet. The requirements are as follows:



Data streams from subnet 1 for accessing the Internet should pass GE 0/1.



Data streams from subnet 2 for accessing the Internet should pass GE 0/2.



If the GE 0/1 link isdisconnected, the data streams on the GE 0/1 interface are switched to the GE 0/2interface.
Vice versa.

Configuration



Configure two ACLs to match packets from subnets 1 and 2 respectively.

Steps



Set a policyto set the next hops for packets from subnet 1 toGE0/1 and GE0/2. (Pay attention to the
configuration sequence.)



Set a policyto set the next hops for packets from subnet 2 toGE0/2 and GE0/1. (Pay attention to the
configuration sequence.)



Apply the policy to GE 0/3.



Set PBR to implement redundant backup among multiple next hops.
During redundant backup, based on the configuration sequence, the first next hop takes effect first.

DEV1(config)# ipv6 access-list net1
DEV1(config-ipv6-acl)# permit ipv6 2003::/64 any
DEV1(config-ipv6-acl)# exit
DEV1(config)# ipv6 access-list net2
DEV1(config-ipv6-acl)# permit ipv6 2004::/64 any
DEV1(config-ipv6-acl)# exit
DEV1(config)# route-map RM_FOR_PBR 30
DEV1(config-route-map)# match ipv6 address net1
DEV1(config-route-map)# set ipv6 next-hop 2001::1
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DEV1(config-route-map)# set ipv6 next-hop 2002::1
DEV1(config-route-map)# exit
DEV1(config)# route-map RM_FOR_PBR 40
DEV1(config-route-map)# match ipv6 address net2
DEV1(config-route-map)# set ipv6 next-hop 2002::1
DEV1(config-route-map)# set ipv6 next-hop 2001::1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)# ipv6policyroute-map RM_FOR_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ipv6 policy redundance

Verification



Check the configurations of IPv6 PBR.



Check the configurations of the route map.



Check the configurations of an ACL.

DEV1# show ipv6 policy
Interface
GigabitEthernet 0/3

Route map
RM_FOR_PBR

DEV1# show route-map
route-map RM_FOR_PBR, permit, sequence 11
Match clauses:
ipv6 address net1
Set clauses:
ipv6 next-hop 2001::1 2002::1
route-map RM_FOR_PBR, permit, sequence 21
Match clauses:
ipv6 address net2
Set clauses:
ipv6 next-hop 2002::1 2001::1
DEV1# show access-lists
ipv6 access-list net1
10permitipv62003::/64any
(0 packetsmatched)
ipv6 access-list net2
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10 permit ipv6 2004::/64 any
(0 packets matched)



Configuring correlation between IPv4 PBR and Track

Scenario
Figure 9- 5

Thelayer-3deviceDEV1isconnectedtosubnet1andsubnet2throughGE0/3.Thenetworksegmentwheresubnet
1 resides is 200.24.16.0/24 whereas the network segment where subnet 2 resides is 200.24.17.0/24.
DEV 1 isconnected to theInternet through GE0/1 and GE0/2 and their next hops are 200.24.18.1 and 200.24.19.1.



DEV1 can fast detect a faulty output link and switch to a backup link.

Configuration

WhenconfiguringIPv4PBRandselectinganoutputlinkbasedonsourceaddressesofthepackets,addormodifythe

Steps

following configurations (red fields):

DEV1



Set two Track objects and track the accessibility of the next hops of the two output interfaces.



When configuring a policy, set the correlation between the next hops and the Track objects.

DEV1(config)# ip access-list extended 101
DEV1(config-ip-acl)#permit ip200.24.16.0 0.0.0.255 any
DEV1(config-ip-acl)# exit
DEV1(config)# ip access-list extended 102
DEV1(config-ip-acl)#permit ip200.24.17.0 0.0.0.255 any
DEV1(config-ip-acl)# exit
DEV1(config)#ip rns 1
DEV1(config-ip-rns)#icmp-echo 200.24.18.1
DEV1(config)#ip rns schedule 1 start-time now life forever
DEV1(config)#track 1 rns 1
DEV1(config)#ip rns 2
DEV1(config-ip-rns)#icmp-echo 200.24.19.1
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DEV1(config)#ip rns schedule 2 start-time now life forever
DEV1(config)#track 2 rns 2
DEV1(config)# route-map RM_FOR_PBR 10
DEV1(config-route-map)# match ip address 101
DEV1(config-route-map)# set ip next-hop verify-availability 200.24.18.1 track 1
DEV1(config-route-map)# set ip next-hop verify-availability 200.24.19.1 track 2
DEV1(config-route-map)# exit
DEV1(config)# route-map RM_FOR_PBR 20
DEV1(config-route-map)# match ip address 102
DEV1(config-route-map)# set ip next-hop verify-availability 200.24.19.1 track 2
DEV1(config-route-map)# set ip next-hop verify-availability 200.24.18.1 track 1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)#ippolicy route-map RM_FOR_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ip policy redundance

Verification



DEV1

FS#show track

Check whether the Track objects are up.

Track 1
Reliable Network Service 1
The state is Up
1 change, current state last: 120 secs
Delay up 30 secs, down 50 secs
Track 2
Reliable Network Service 2
The state is Up
1 change, current state last: 130 secs
Delay up 30 secs, down 50 secs




Configuring IPv4 recursive PBR, selecting an output link based on source addresses of the packets, and recurring to the
output link of a dynamic route

www.fs.com

1276

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 9- 6

The layer-3 device DEV 1 is connected to subnet 1 through GE0/3. The network segment where subnet 1 resides is
200.24.16.0/24.
DEV 1 is connected to subnet 2 through GE0/1 and GE0/2 and their next hops are 200.24.18.1 and 200.24.19.1.
Subnet 1 is connected to subnet 2 through two output interfaces of DEV1. The requirements are as follows:



Configurestatic or dynamic routes in advance to ensure that static or dynamic routes inthe network segment
200.24.20.0 are available in the routing table of DEV1.



Datastreamsfromsubnet1foraccessingtheInternetcanrecurtoadynamicroutewhoseIPaddressis
200.24.20.1.



If the GE 0/1 link is disconnected, the data streams on GE 0/1 are switched to GE 0/2. Vice versa.

Configuration



Configure an ACL to match packets from subnet 1.

Steps



Set a policy to set the recursive next hop for packets from subnet 1 to 200.24.20.1.



Apply the policy to GE 0/3.



Set PBR to implement redundant backupamong multiplenext hops. (The default setting isredundant backup.)
During redundant backup, the sequence for the next hops to takeeffect is related to the sequence for the static
or dynamic routes to take effect.

DEV1(config)# access-list 1 permit 200.24.16.0 0.0.0.255
DEV1(config)# route-map RM_FOR_PBR 10
DEV1(config-route-map)# match ip address 1
DEV1(config-route-map)# set ip next-hop recursive 200.24.20.1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)#ippolicy route-map RM_FOR_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ip policy redundance

Verification



Check the configurations of IPv4 PBR.



Check the configurations of the route map.



Check the configurations of the ACLs.

DEV1# show ip policy
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Interface

Route map

GigabitEthernet 0/3

RM_FOR_PBR

DEV1# show route-map
route-map RM_FOR_PBR, permit, sequence 10
Match clauses:
ip address 1
Set clauses:
ip next-hop recursive 200.24.20.1
DEV1# show access-lists
ip access-list standard 1
10 permit 200.24.16.0 0.0.0.255
Common Errors



A route map is used when PBR is configured but the route map does not exist.



An ACL is used when a route map is configured but the ACL does not exist.

9.5.2 Setting Redundant Backup or Load Balancing

Configuration Effect



Using multiple next hops in the mutual backup mode can enhance the network reliability.



Implementing load balancing among multiple next hops can expand the network bandwidth.

Notes



The basic functions of PBR must be configured.



Redundant backup and load balancing are effective only for the next hops set by the following set commands.

Command

Description

set ip next-hop

Configuresthenext hop of IPv4packets.Thiscommandcarriestheweight parameter,whichisusedto
set the weight of the WCMP. The default value is 1.

set ip default next-hop

Configuresthedefault next hopof IPv4packets.This commandcarries theweight parameter,whichis
used to set the weight of the WCMP. The default value is 1.

set ipv6 next-hop

Configuresthenext hop of IPv6packets.Thiscommandcarriestheweight parameter,whichisusedto
set the weight of the WCMP. The default value is 1.

set ipv6 default next-hop

Configuresthedefault next hopof IPv6packets.This commandcarries theweight parameter,whichis
used to set the weight of the WCMP. The default value is 1.

set ip next-hop recursive

Configurestherecursivenext hop ofIPv4packets.Onlyone commandcanbeconfiguredforaroute
map and packets can recur to multiple next hops (up to 32 next hops) of a static or dynamic ECMP
route. The redundant backup or load balancing mode for recurring to multiple next hops is also
determined by the ip policy { redundance | load-balance } command.

set ip next-hop recursive
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map and packets can recur tomultiple next hops (up to 32 next hops) of a static or dynamic ECMP
route. The redundant backup or load balancing mode for recurring to multiple next hops is also
determined by the ip policy { redundance | load-balance } command.
Up to eight next hops can be set for WCMP whereas up to 32 next hops can be set for ECMP.
Configuration Steps



Setting whether IPv4 PBR implements redundant backup or load balancing among multiple next hops



If load balancing needs to be implemented among multiple next hops, this configuration needs to be performed.



If load balancing is configured at present, you also needtoperform thisconfiguration toreset redundant backup.



This configuration is effective for all PBRs configured on a device.

Command

ip policy { redundance | load-balance }

Parameter

redundance: Indicates redundant backup.

Description

load-balance: Indicates load balancing.

Defaults

Redundant backup is configured by default.

Command

Global configuration mode

Mode
Usage Guide

If redundant backup is selected, the first next hop takes effect based on the configuration sequence.
If load balancing is selected, all next hops take effect at the same time and share traffic by weight.



Setting whether Ipv6 PBR implements redundant backup or load balancing among multiple next hops



If load balancing needs to be implemented among multiple next hops, this configuration needs to be performed.



If load balancing is configured at present, you also needtoperform thisconfiguration toreset redundant backup.



This configuration is effective for all PBRs configured on a device.

Command

ipv6 policy { redundance | load-balance }

Parameter

redundance: Indicates redundant backup.

Description

load-balance: Indicates load balancing.

Defaults

Redundant backup is configured by default.

Command

Global configuration mode

Mode
Usage Guide

If redundant backup is selected, the first next hop takes effect based on the configuration sequence.
If load balancing is selected, all next hops take effect at the same time and share traffic by weight.

Verification



Checkwhetherredundant backuporload balancingisimplementedamong multiplenext hops.



Checking whether IPv4 PBR implements redundant backup or load balancing among multiple next hops

Command

show ip policy [ route-map-name ]

Parameter

route-map-name: Specifies a route map.

Description
Command

Privilege, global and interface configuration modes

Mode
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Usage Guide

See the following example and focus on the red field.
FS# show ip policy
Banlance mode: redundance
Interface

Route map

local

test

GigabitEthernet 0/3



test

Checking whether IPv6 PBR implements redundant backup or load balancing among multiple next hops

Command

show ipv6 policy [ route-map-name ]

Parameter

route-map-name: Specifies a route map.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

See the following example and focus on the red field.
PE#show ipv6 policy
Banlance mode: redundance
Interface

Route map

VLAN 1

RM_for_Vlan_1

VLAN 2

RM_for_Vlan_2

Configuration Example



Configuring IPv4 PBR to implement redundant backup among multiple next hops

See the preceding example: Configuring IPv4 PBR and selecting an output link based on source addresses of packets



Configuring IPv6 PBR to implement redundant backup among multiple next hops

See the preceding example: Configuring IPv6 PBR and selecting an output link based on source addresses of packets



Configuring IPv4 PBR to implement load balancing among multiple next hops
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Scenario
Figure 9- 7

Thelayer-3deviceDEV1isconnectedtosubnet1andsubnet2throughGE0/3.Thenetworksegmentwheresubnet
1 resides is 200.24.16.0/24 whereas the network segment where subnet 2 resides is 200.24.17.0/24.
DEV 1 isconnected to theInternet through GE0/1 and GE0/2 and their next hops are 200.24.18.1 and 200.24.19.1.
This LAN has two output interfaces for connecting the Internet.The requirements are as follows:The trafficisequally
shared by GE0/1 and GE0/2.
Configuration



Configure basic functions of PBR. Specify multiple next hops.

Steps



Set the load balancing mode.

DEV1(config)# route-map RM_LOAD_PBR 10
DEV1(config-route-map)# set ip next-hop 200.24.18.1
DEV1(config-route-map)# set ip next-hop 200.24.19.1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)# ippolicy route-map RM_LOAD_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ip policy load-balance

Verification



Check the configurations of IPv4 PBR.



Check the configurations of the route map.

DEV1# show ip policy
Balance mode: load-balance
Interface
GigabitEthernet 0/3

Route map
RM_LOAD_PBR

DEV1# show route-map
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route-map PBR-VRF-Selection, permit, sequence 10
Match clauses:
Set clauses:
ip next-hop 200.24.18.1 8
ip next-hop 200.24.19.1 8



Configuring IPv6 PBR to implement load balancing among multiple next hops

Scenario
Figure 9- 8

DEV1isconnectedtosubnet1and subnet2throughGE0/3.Thenetworksegmentwheresubnet 1residesis
2003::/64 whereas the network segment where subnet 2 resides is 2004::/64.
DEV1 is connected to the Internet through GE0/1 and GE0/2 and their next hops are 2001::1/64 and 2002::1/64.
This LAN has two output interfaces for connecting the Internet.The requirements are as follows:The trafficisequally
shared by GE0/1 and GE0/2.
Configuration



Configure basic functions of PBR. Specify multiple next hops.

Steps



Set the load balancing mode.

DEV1(config)# route-map RM_LOAD_PBR 20
DEV1(config-route-map)# set ipv6 next-hop 2001::1
DEV1(config-route-map)# set ipv6 next-hop 2002::1
DEV1(config-route-map)# exit
DEV1(config)# interface GigabitEthernet 0/3
DEV1(config-if-GigabitEthernet0/3)# ipv6 policy route-map RM_LOAD_PBR
DEV1(config-if-GigabitEthernet 0/3)#exit
DEV1(config)# ipv6 policy load-balance

Verification
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Check the configurations of the route map.

DEV1# show ipv6 policy
Balance mode: load-balance
Interface
GigabitEthernet 0/3

Route map
RM_LOAD_PBR

DEV1# show route-map
route-map PBR-VRF-Selection, permit, sequence 10
Match clauses:
Set clauses:
ipv6 next-hop 2001::1
ipv6 next-hop 2002::1

9.5.3 Configuring Source-Address-Based PBR

Configuration Effect
Perform personalized routing management for IPv4 or IPv6 addresses of user data streams by preparing flexible policies.
Notes



Source-address-based PBR has a higher priority than interface-based PBR. When they are applied to an interface at the same
time, interface-based PBR takes effect whereas source-address-based PBR does not take effect.

Configuration Steps



Applying source-address-based PBR for IPv4 packets received by an interface



To perform personalized routing management based on source IPv4 addresses for IPv4 user data streams passing a device, you
should perform thisconfiguration.



The global configuration takes effect on the input interface of specified user data streams.



Run the ip policy-source in-interface command to perform source-address-based PBR for IPv4 packets received by a specified
interface.

Command

ip policy-source in-interface interface-type sequence {source-address mask | source-address/mask} {[default]
next-hop ip-address [weight] | [default] interface out-interface-type | vrf vrf-name}

Parameter

interface-type: Specifies the type of an interface to which source-address PBR is applied.

Description

sequence: Indicates the sequence number of a policy. A smaller sequence number means a higher priority.
source-address: Indicates the source IPv4 address.
mask: Indicates the mask of the source IPv4 address.
ip-address: Indicates the next-hop IPv4 address.
weight: Indicates the weight of a next hop.
out-interface-type: Indicates the type of the next hop output interface.
vrf-name: Indicates the name of a VRF instance.

Defaults

By default, source-address-based PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Global configuration mode
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Mode
Usage Guide

Configure multiple ip policy-source in-interface commands for the same interface. The sequence numbers of
different source addresses are different. A smaller sequence number means a higher priority of the
source-address-based PBR.
When the sequence number is the same, the priorities of next hops are as follows: vrf vrf-name > next-hop
ip-address > interface out-interface-type> default next-hop ip-address > default interface out-interface-type.
Source-address-based PBR has a higher priority than interface-based PBR. When they are applied to an interface at
the same time, interface-based PBR takes effect whereas source-address-based PBR does not take effect.



Applying source-address-based PBR for IPv6 packets received by an interface



To perform personalized routing management based on source IPv6 addresses for IPv6 user data streams passing a device, you
should perform thisconfiguration.



The global configuration takes effect on the input interface of specified user data streams.



Run the ipv6 policy-source in-interface command to perform source-address-based PBR for IPv6 packets received by a
specified interface.

Command

ipv6 policy-source in-interface interface-type sequence {source-address/prefix-length} {[default] next-hop
ipv6-address [weight] | [default] interface out-interface-type | vrf vrf-name}

Parameter

interface-type: Specifies the type of an interface to which source-address PBR is applied.

Description

sequence: Indicates the sequence number of a policy. A smaller sequence number means a higher priority.
source-address: Indicates the source IPv6 address.
prefix-length: Indicates the prefix length of a source IPv6 address.
ipv6-address: Indicates the next-hop IPv6 address.
weight: Indicates the weight of a next hop.
out-interface-type: Indicates the type of the next hop output interface.
vrf-name: Indicates the name of a VRF instance.

Defaults

By default, source-address-based PBR is unavailable on a device and packets are forwarded based on a routing table.

Command

Global configuration mode

Mode
Usage Guide

Configure multiple ipv6 policy-source in-interface commands for the same interface. The sequence numbers of
different source addresses are different. A smaller sequence number means a higher priority of the
source-address-based PBR.
When the sequence number is the same, the priorities of next hops are as follows: vrf vrf-name > next-hop
ipv6-address > interface out-interface-type> default next-hop ipv6-address > default interface out-interface-type.
Source-address-based PBR has a higher priority than interface-based PBR. When they are applied to an interface at
the same time, interface-based PBR takes effect whereas source-address-based PBR does not take effect.

Verification



Checking the routing information of source-address-based IPv4 PBR

Command

show ip pbr source-route [ interface if-name ]

Parameter

if-name: Indicates an interface name.

Description
Command

Privilege, global and interface configuration modes

Mode
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Usage Guide

Specify an interface and check the routing information of IPv4 source-address-based PBR.
FS# show ip pbr source-route
PBR IPv4 Source Route
Interface

: GigabitEthernet 0/1

Sequence

: 10

Source address : 10.1.1.1/24
VRF ID
Route Flags

:0
:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist
Mode

: redundance

Nexthop Count : 1



Nexthop[0]

: 192.168.8.100

Weight[0]

:1

Ifindex[0]

2

Checking the routing information of IPv6 PBR

Command

show ipv6 pbr source-route [ interface if-name ]

Parameter

if-name: Indicates an interface name.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

Specify an interface and check the routing information of IPv6 PBR.
FS# show ipv6 pbr source-route
PBR IPv6 Source Route
Interface

: GigabitEthernet 0/1

Sequence

10

Source address : 1000::1/64
VRFID
Route Flags

0
:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist

www.fs.com

1285

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Mode

: redundance

Nexthop Count : 1
Nexthop[0]

: 1001::2

Weight[0]

:1

Ifindex[0]

3

Configuration Example



Configuring IPv4 source-address-based PBR and selecting an output link based on source addresses of packets

Scenario
Figure 9- 9

Thelayer-3deviceDEV1isconnectedtosubnet1andsubnet2throughGE0/3.Thenetworksegmentwheresubnet
1 resides is 200.24.16.0/24 whereas the network segment where subnet 2 resides is 200.24.17.0/24.
DEV 1 isconnected tothe Internet through GE0/1 and GE0/2 and their next hops are 200.24.18.1 and 200.24.19.1.
This LAN has two output interfaces for connecting the Internet. The requirements are as follows:

Configuration



Data streams from subnet 1 for accessing the Internet should pass GE 0/1.



Data streams from subnet 2 for accessing the Internet should pass GE 0/2.



If the GE 0/1 link is disconnected, the data streams on GE 0/1 are switched to GE 0/2. Vice versa.



Set source-address-based PBR and set the next hops for packets from the GE0/3 subnet 1 to GE0/1 and GE0/2.
(Pay attention to the configuration sequence.)

Steps



Set source-address-based PBR and set the next hops for packets from the GE0/3 subnet 2 to GE0/2 and GE0/1.
(Pay attention to the configuration sequence.)



Set PBR toimplement redundant backup among multiplenext hops. (The default setting isredundant backup.)
During redundant backup, based on the configuration sequence, the first next hop takes effect first.

DEV1(config)# ip policy-source in-interface gigabitEthernet 0/3 1 200.24.16.0/24 next-hop 200.24.18.1 200.24.19.1
DEV1(config)# ip policy-source in-interface gigabitEthernet 0/3 2 200.24.17.0/24 next-hop 200.24.19.1 200.24.18.1
DEV1(config)# ip policy redundance

www.fs.com

1286

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Verification



Check the routing information of source-address-based IPv4 PBR.

DEV1# show ip pbr source-route
PBR IPv4 Source Route
Interface

: GigabitEthernet 0/3

Sequence

1

Source address : 200.24 16.0/24
VRF ID

0

Route Flags

:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist
Mode

: redundance

Nexthop Count

2

Nexthop[0]

: 200.24.18.1

Weight[0]

1

Ifindex[0]

1

Nexthop[1]

: 200.24.19.1

Weight[1]

1

Ifindex[1]

2

Interface

: GigabitEthernet 0/3

Sequence

2

Source address : 200.24 17.0/24
VRF ID

0

Route Flags

:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist
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Nexthop[0]
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Weight[0]

1
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Ifindex[0]



2

Nexthop[1]

: 200.24.18.1

Weight[1]

:1

Ifindex[1]

1

Configuring IPv6 source-address-based PBR and selecting an output link based on source addresses of packets

Scenario
Figure 9- 10

DEV1isconnectedtosubnet1andsubnet2throughGE0/3.The networksegment wheresubnet 1residesis
2003::/64 whereas the network segment where subnet 2 resides is 2004::/64.
DEV1 is connected to the Internet through GE0/1 and GE0/2 and their next hops are 2001::1/64 and 2002::1/64.
This LAN has two output interfaces for connecting the Internet. The requirements are as follows:

Configuration



Data streams from subnet 1 for accessing the Internet should pass GE 0/1.



Data streams from subnet 2 for accessing the Internet should pass GE 0/2.



If the GE 0/1 link is faulty, the data streams on GE 0/1 are switched to GE 0/2. Vice versa.



Set source-address-based PBR and set the next hops for packets from the GE0/3 subnet 1 to GE0/1 and GE0/2.

Steps

(Pay attention to the configuration sequence.)



Set source-address-based PBR and set the next hops for packets from the GE0/3 subnet 2 to GE0/2 and GE0/1.
(Pay attention to the configuration sequence.)



Set PBR to implement redundant backup among multiple next hops.
During redundant backup, based on the configuration sequence, the first next hop takes effect first.

DEV1(config)# ipv6 policy-source in-interface gigabitEthernet 0/3 1 2003::/64 next-hop 2001::1 2002::1
DEV1(config)# ip policy-source in-interface gigabitEthernet 0/3 2 2004::/64 next-hop 2002::1 2001::1
DEV1(config)# ipv6 policy redundance

Verification
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DEV1# show ipv6 pbr source-route
PBR IPv6 Source Route
Interface

: GigabitEthernet 0/3

Sequence

1

Source address : 2003::/64
VRF ID
Route Flags

0
:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist
Mode

: redundance

Nexthop Count : 2
Nexthop[0]

: 2001::1

Weight[0]

1

Ifindex[0]

1

Nexthop[1]

: 2002::1

Weight[1]

1

Ifindex[1]

Interface

2

: GigabitEthernet 0/3

Sequence

2

Source address : 2004::/64
VRF ID
Route Flags

0
:

RouteType

: PBR

Direct

: Permit

Priority

: High

Match_ipaddr : Exist
Mode

: redundance

Nexthop Count : 2
Nexthop[0]

: 2002::1

Weight[0]

1

Ifindex[0]
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Nexthop[1]

: 2001::1

Weight[1]

:1

Ifindex[1]

:1

9.6Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the statistics about packets forwarded by

clear ip pbr statistics [ interface if-name | local ]

IPv4 PBR.
Clears the statistics about packets forwarded by

clear ipv6 pbr statistics [ interface if-name | local ]

IPv6 PBR.
Displaying
Description

Command

Displays the configurations of IPv4 PBR.

show ip policy

Displays the configurations of IPv6 PBR.

show ipv6 policy

Displays the configurations of a route map.

show route-map [ name ]

Displays the configurations of an ACL.

show access-list

Displays the correlation between IPv4 PBR and
BFD.
Displays the correlation between IPv6 PBR and
BFD.

show ip pbr bfd
show ipv6 pbr bfd

Displays the routing information of IPv4 PBR.

show ip pbr route [ interface if-name | local ]

Displays the routing information of IPv6 PBR.

show ipv6 pbr route [ interface if-name | local ]

Displays a route map used by IPv4 PBR.

show ip pbr route-map rmap-name

Displays a route map used by IPv6 PBR.

show ipv6 pbr route-map rmap-name

Displays the routing information of IPv4
source-address-based PBR.
Displays the routing information of IPv6
source-address-based PBR.

show ip pbr source–route [ interface if-name ]
show ipv6 pbr source-route [ interface if-name ]

Displays the statistics about IPv4 PBR.

show ip pbr statistics [ interface if-name | local ]

Displays the statistics about IPv6 PBR.

show ipv6 pbr statistics [ interface if-name | local ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs PBR errors.

debug pbr error

Debugs PBR events.

debug pbr events

Debugs multiple service cards supported by
PBR.
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Description

Command

Debugs PBR message communication.

debug pbr msg

Debugs interaction between PBR and NSM.

debug pbr nsm

Debugs packet forwarding of PBR.

debug pbr packet

Debugs PBR GR.

debug pbr restart

10 Managing Routes
10.1 Overview
The network service module (NSM) manages the routing table, consolidates routes sent by various routing protocols, and selects and
sends preferred routes to the routing table. Routes discovered by various routing protocols are stored in the routing table. These
routes are generally classified by source into three types:



Direct route: It is the route discovered by a link-layer protocol and is also called interface route.



Staticroute: It ismanually configured by the network administrator.Astatic route is easy toconfigureand lessdemanding on
thesystem, and therefore applicable to a small-sized network that is stable and has a simple topology. However, when the
network topology changes, the static route must be manually reconfigured and cannot automatically adapt to the topological
changes.



Dynamic route: It is the route discovered by a dynamic routing protocol.

10.2 Applications
Application

Description

Basic Functions of the Static Route

Manually configure a route.

Floating Static Route

Configure a standby route in the multipath scenario.

Load Balancing Static Route

Configure load balancing static routes in the multipath scenario.

Correlation of Static Routes with BFD

Use the Bidirectional Forwarding Detection (BFD) function to test whether the next hop of a
static route is reachable.

Fast Reroute of Static Routes

Use the fast reroute function to improve the switching performance in the multipath scenario.

ARP-to-host Conversion

Use the ARP-to-host conversion to not transmit ARP packets sent by hosts across the whole
network.

ND-to-route Conversion

Use the ND-to-route conversion to not transmit ND across the whole network

ND-to-route Delayed Release

Specify the time of delayed release to not immediately release the ND-to-route route

10.2.1 Basic Functions of the Static Route

Scenario
On a network with a simple topology, you can configure only static routes to implement network interworking. Appropriate
configuration and use of static routes can improve the network performance and guarantee the bandwidth for important network
applications.
As shown in Figure 10- 1, to implement interworking between PC 1, PC 2, and PC 3, you can configure static routes on R 1, R 2, and R 3.



On R 1, configure a route to the network segment of PC 2 through R 2, and a route to the network segment of PC 3 through R 3.



On R 2, configure a route to the network segment of PC 1 through R 1, and a route to the network segment of PC 3 through R 3.
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On R 3, configure a route to the network segment of PC 1 through R 1, and a route to the network segment of PC 2 through R 2.

Figure 10- 1

Deployment



Configure the address and subnet mask of each interface.



Configure static routes on R 1, R 2, and R 3.

10.2.2 Floating StaticRoute

Scenario
If no dynamic routing protocol is configured, you can configure floating static routes to implement dynamic switching of routes to
prevent communication interruption caused by the network connection failures.
As shown inFigure 10- 2, to prevent communication interruption caused by a line failurebetween R 1 and R 3, you can configure a
floatingstaticrouterespectivelyon R1and R3. Normally,packetsareforwardedon apath withasmalladministrativedistance.If a
link on this path is down, the route is automatically switched to the path with a large administrative distance.



On R1, configure two routes to the network segment of PC 3, including a route through R 3 (default distance = 1) and a route
through R 2 (default distance = 2).



On R 3, configure two routes to the network segment of PC 1, including a route through R 1 (default distance = 1) and a route
through R 2 (default distance = 2).
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Figure 10- 2

Deployment



Configure the address and subnet mask of each interface.



Configure static routes on R 1, R 2, and R 3.

10.2.3 Load Balancing Static Route

Scenario
If thereare multiplepaths tothe samedestination, you can configure load balancing routes. Unlikefloating routes,the administrative
distances of load balancingroutes are the same. Packets are distributed among these routes based on the balanced forwarding policy.
Asshown inFigure10- 3, load balancing routes areconfigured respectively on R1and R3sothat packetssent tothenetwork
segment of PC 3 or PC 1 are balanced between two routes, including a route through R 2 and a route through R 4.



On R 1, configure two routes to the network segment of PC 3, including a route through R 2 and a route through R 4.



On R 3, configure two routes to the network segment of PC 1, including a route through R 2 and a route through R 4.

Figure 10- 3

Remarks

On the switch, the load is balanced based on the destination IP address by default.

Deployment
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Configure the address and subnet mask of each interface.



Configure static routes on R 1, R 2, R 3, and R 4.



Configure the load balancing policy on R 1 and R 3.

10.2.4 Correlation of Static Routes with Track, BFD or ARP

Scenario
When the floating static routes or load balancing static routes are configured, the static routes may fail to sense the route failures if the
line is faulty but the interface status is normal. To resolve this problem, the device needs to check whether the next hop of a static
route is reachable. If the next hop is not reachable, the device can switch the traffic to the standby route.
YoucanusetheTrack,BFDorARPfunctiontocheckwhetherthenext hopofastaticrouteisreachable.Thefollowingscenariotakes
BFD as anexample.
Three modes can all checkwhether the next hop of a static route is reachable. If more than one mode is configured, when one
mode checks the next hop of a static route is unreachable, then the static route is invalid. Therefore, it is recommend to take
only one mode.
Asshown inFigure 10-4, to prevent communication interruption causedby a linefailurebetween R 1 and R3, you canconfigure a
floating static route respectively on R 1 and R 3, and correlate static routes with BFD.



On R 1, configure two routes to the network segment of PC 3, including a route through R 3 (default distance = 1) and a route
through R2 (default distance = 2). BFD isenabled on thefirst route tocheck whether the next hop 1.1.13.3 is reachable, and on
the second route to check whether the next hop 1.1.12.2 is reachable.



On R 3, configure two routes to the network segment of PC 1, including a route through R 1 (default distance = 1) and a route
through R2 (default distance = 2). BFD isenabled on thefirst route tocheck whether the next hop 1.1.13.1 is reachable, and on
the second route to check whether the next hop 1.1.23.2 is reachable.

Figure 100- 4

Deployment



Configure the address and subnet mask of each interface.



Configure the BFD parameters on each interface.



Configure static routes and correlate these static routes with BFD on R 1, R 2, and R 3.
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10.2.5 Fast Reroute of Static Routes

Scenario
Toaccelerate route switching and shorten the communication interruption time when no dynamic routing protocol is configured, you
caneither correlatestatic routes withTrack, BFDor ARP tocheckwhether the next hop isreachable. Inaddition, you canor configure
fast reroute to further improve the convergence performance.
As shown in Figure 10- 5, to prevent communication interruption caused by a line failure between R 1 and R 3, you can configure static
fast reroute respectively on R 1 and R 3. Normally, packets are forwarded on the path between R 1 and R 3. When the link on this route
is down, packets are automatically rerouted to R 2.



On R 1, configure a route with the exit interface set to Gi0/3 and the next hop set to 1.1.13.3, and a standby route with the exit
interface set to Gi0/2 and the next hop set to 1.1.12.2.



On R 3, configure a route with the exit interface set to Gi0/1 and the next hop set to 1.1.13.1, and a standby route with the exit
interface set to Gi0/2 and the next hop set to 1.1.23.2.

Figure 10- 5

Deployment



Configure the address and subnet mask of each interface.



Configure static routes on R 1, R 2, and R 3.



Configure static fast reroute on R 1, R 2, and R 3.

10.2.6 ARP-to-host Conversion

Scenario
In special requirement scenarios, communication is required between hosts, but ARP packets sent by hosts are not desired to transmit
across the whole network. In this case, you can run the arp-to-host command on the devices connected to hosts to convert ARP
entries to host routes, so that the remote devices learn the host routes through BGP redistribution tomeet the scenario requirement.
Asshowninthefollowingfigure,PC1and PC2aretwohostsinthesamenetworksegment.PC1and PC2arerequiredtocommunicate
witheach other,but ARPpacketsarenot desiredtotransmitacrossthewhole network.Run the arp-to-hostcommand on R1and R2 to
generate ARP host routes, establish a BGP neighbor relationship between R1 and R2, and enable ARP host route redistribution. In this
case, both R1 and R2 can obtain routes to PC1 and PC2 to implement network interconnection.
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Figure 10- 6

Deployment



Configure IP addresses and masks for interfaces.



Enable ARP-to-host conversion on interfaces of R1 and R2.



Establish a BGP neighbor relationship between R1 and R2, and redistribute ARP host routes.

10.2.7 nd-to-route Conversion

Scenario
Inspecialrequirementscenarios,interconnectionisrequiredamonghosts,butNDpacketssentbyhostsarenot desiredtotransmit
across the whole network. In this case, you can run the nd-to-route command on the devices connected to hosts to convert ND
entriesto routes, so that the remote devices learn the nd-route route through BGP redistribution to meet the scenariorequirement.
Asshowninthefollowingfigure,PC1and PC2aretwohostsinthesamenetworksegment.PC1andPC2arerequiredtocommunicate
witheach other, but ND packets are not desired to transmit acrossthe whole network. Run the nd-to-routecommand on R1 and R2 to
generatend-routeroutes,establishaBGPneighborrelationshipbetweenR1andR2, andenablend-routerouteredistribution.Inthis
case, both R1 and R2 can obtain routes to PC1 and PC2 to implement network interconnection.
The hardware delivery performance of remote route is better than that of local device, so the time to release nd-route route should be
controlled to avoid premature traffic diversion to the local device. By configuring the nd-route delayed redistribution function, you
can configure the time to redistribute the nd-route route based on the actual scenario.
By default, the route converted by ND is a static route with a mask of 128 bits. If there are too many ND entries, a large number of
nd-route routes are generated, which greatly increases the memory overhead and reduces the computational performance of the
route, so you need to aggregate nd-route on the same network segment. You can convert nd-route routes to routes with fixed-length
masks to aggregate nd-route routes on the same network segment.
Figure 100- 7

Deployment



Configure IP addresses and masks for interfaces.



Enable nd-to-route conversion on interfaces of R1 and R2.



Establish a BGP neighbor relationship between R1 and R2, and redistribute nd-route routes.

www.fs.com

1296

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

10.3 Features
Feature

Description

Route Computation

Generate a valid route on a device.

Optimal Route Selection Select an optimal route to forward packets.
Default Route

Forward all packets and help reduce the size of a routing table.

Route Reliability

Quickly detect a route failure and recover communication.

10.3.1 Route Computation

Routing Function
RoutingfunctionsareclassifiedintoIPv4and IPv6 routingfunctions.Iftherouting functionsaredisabled, adeviceisequivalent toa
host and cannot forward routes.
Dynamic Route
Adynamic routingprotocol learns remoteroutes and dynamicallyupdatesroutes by exchanging routes withneighbors.If aneighbor
is the next hop of a route and this neighbor fails, the route fails as well.
StaticRoute
On a network with a simple topology, you can configure only static routes to implement network interworking. Appropriate
configuration and use of static routes can improve the network performance and guarantee the bandwidth for important network
applications.
Whether a static route is active is computed based on the status of the local interface. When the exit interface of a static route is
locatedat layer 3(L3) and is inUp status (thelink status isUp and the IPaddress is configured), thisrouteis active and can be used for
packet forwarding.
AstaticroutecangoacrossVPNrouting&forwarding(VRF)instances.Thenext hoporexitinterfaceofastaticrouteofVRF1canbe
configured on VRF 2.
ARP-to-host Conversion
Enable ARP-to-host conversion on a specified interface. If the interface is a Layer-3 interface in up status, ARP entries will be converted
into 32-bit host routes on the interface.
ND-to-route Conversion
Enablend-to-routeconversionon aspecifiedinterface.IftheinterfaceisaLayer-3interfaceinupstatus,NDentrieswillbeconverted
into routes with fixed-length masks on the interface. By configuring the delayed redistribution of nd-to-route, the nd-to-route is
redistributed according to the configured time.
10.3.2 Optimal RouteSelection

Administrative Distance
When multiple routing protocols generate routes tothe same destination, the priorities of these routes can be determined based on
the administrative distance. A smaller administrative distance indicates a higher priority.
Equal-Cost Route
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If multiple routes to the same destination have different next hops but the same administrative distance, these routes are mutually
equal-cost routes. Packets are distributed among these routes to implement load balancing based on the balanced forwarding policy.
On a specific device, the total number of equal-cost routes is limited. Routes beyond the limit do not participate in packet forwarding.
Floating Route
If multiple routes to the same destination have different next hops and different administrative distances,these routes are mutually
floating routes. The route with the smallest administrative distance will be first selected for packet forwarding. If this route fails, a
routewithalarger administrativedistanceisfurtherselectedforforwarding,thus preventingcommunicationinterruptioncausedby
a network line failure.
10.3.3 Default Route

In the forwarding routing table, the route with the destination network segment 0.0.0.0 and the subnet mask 0.0.0.0 is the default
route. Packets that cannot be forwarded by other routes will be forwarded by the default route. The default route can be statically
configured or generated by a dynamic routing protocol.
Static Default Route
Ona L3switch, astaticroute withthe networksegment 0.0.0.0 and the subnet mask 0.0.0.0 isconfigured togenerate thedefault
route.
Default Network
The default network is configured to generate a default route. If the ip default-network command is configured to specify a network
(aclassful network, such as a Class A, B, or C network), and this networkexists in therouting table, the router will use this network as
the default network and the next hop of this network is the default gateway. As the network specified by the ip default-network
command is a classful one, if this command is used to identify a subnet in a classful network, the router automatically generates a
static route of the classful network instead of any default route.
10.3.4 Route Reliability

When a device on a network is faulty, some routes become unreachable, resulting in traffic interruption. If connectivity of the next
hop can be detected in real time, the route can be re-computed when a fault occurs, or traffic can be switched over to the standby
route.
Correlation with Track
A track object is an abstract concept. It can be used to trace whether an IP address is reachable or whether an interface is up. If a
dynamic routing protocol or a static route is correlated with the Track function, the dynamic routing protocol or the static route can
quickly learn whether the next hop is reachable so as to respond quickly.
Correlation with BFD
The BFD protocol provides a light-load and fast method for detecting the connectivity of the forwarding path between two adjacent
routers. If a dynamic routing protocol or a static route is correlated with the BFD function, the dynamic routing protocol or the static
route can quickly learn whether the next hop is reachable so as to respond quickly.
The detection performance of BFD is better than that of Track.
Correlation with ARP
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If a static route is correlated with the ARP function, when the ARP does not exist, the static route can quickly learn that the next hop is
unreachable so as to respond quickly.
Fast Reroute
Fast reroute provides a standby route. Whena dynamic routing protocol or a staticroute detects that the next hop is unreachable, it
immediately switches traffic over to the standby route to recovery communication.

10.4 Limitations
Support 64 groups of ECMP,and each group supports a maximum of 32 entries. A group refers to multiple equivalent next hops of
a prefix.

10.5 Configuration
Configuration Item

Description and Command
(Mandatory) It is used to configure a static route entry.

Configuring a Static Route

ip route

Configures an IPv4 static route.

ipv6 route

Configures an IPv6 static route.

(Optional) It is used to configure the default gateway.
ip route 0.0.0.0 0.0.0.0 gateway
Configuring a Default Route
ipv6 route ::/0 ipv6-gateway
ip default network

Configures an IPv4 default gateway on a L3
device.
Configures an IPv6 default gateway on a L3
device.
Configures an IPv4 default network on a L3
device.

(Optional) It is used to limit the number of equal-cost routes and number of static routes, or
disable routing.
maximum-paths

Configuring Route Limitations

ip static route-limit
ipv6 static route-limit

Correlating a Static Route with
BFD

Configure Static Fast Reroute

routes.
Configures the maximum number of IPv4 static
routes.
Configures the maximum number of IPv6 static
routes.

no ip routing

Disables IPv4 routing.

noipv6 unicast-routing

Disables IPv6 routing.

no ip route static inter-vrf

Prohibits static routing across VRFs.

(Optional) It is used to correlate a static route with BFD.
ip route static bfd

Correlates an IPv4 static route with BFD.

ipv6 route static bfd

Correlates an IPv6 static route with BFD.

(Optional) It is used to configure static fast reroute.
route-map
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Configuration Item

Description and Command
Configures the standby interface and standby

set fast-reroute backup-nexthop

next hop for fast reroute.

ip fast-reroute

Configures static fast reroute.

ip route arp-to-host interface interface-name

Configure ARP-to-host

ip route arp-to-host tag tag-number

Configures ARP-to-host conversion on a specified
interface.
Configures the tag of ARP-to-host

Conversion
ip route arp-to-host delay-time time-number
redistribute arp-host[ route-map map-tag ]
[ metricmetric-value ]

Configuresthedelayedredistributionof
ARP-to-host route

ConfiguresBGP redistributionof ARP host route.

Configures the delayed redistribution of

ipv6 route nd-to-route delay-time time-number

nd-to-route

ipv6 route nd-to-route interface interface-name
[ipv6-prefix X:X:X:X::X/<0-128>] [prefix-len masklen]
Configure nd-to-route
Conversion

ipv6 route nd-to-route tag tag-number

Configures the tag of nd-to-route
Ignores the alarm log of nd-to-route

ipv6 route nd-to-route warning-ignore
redistribute

nd-route[

[ metricmetric-value ]

route-map

Enables nd-to-route on a specific interface

conversion
map-tag

]

Configures BGP redistribution of nd-route
route

10.5.1 Configuring a Static Route

Configuration Effect



Generate a static route in the routing table. Use the static route to forward packets to a remote network.

Notes



If the no ip routingcommand is configured on a L3 switch, you cannot configure IPv4 static routes on this switch, and existing
IPv4 static routes willalso be deleted. Before the device is restarted, reconfiguring the ip routing command can recover the
deleted IPv4 static routes. After the device is restarted, deleted IPv4 static routes cannot be recovered.



Ifthe noipv6 unicast- routing command isconfigured ona L3switch, you cannot configureIPv6 static routes on thisswitch,
and existing IPv6 static routes will also be deleted. Before the device is restarted, reconfiguring the ipv6 unicast- routing
commandcanrecoverthedeletedIPv6staticroutes.Afterthedeviceisrestarted,deletedIPv6staticroutescannotbe
recovered.



To correlate a static route with the Track function, you must run the track command to configure a track object.

Configuration Steps



Configuring a Static IPv4 Route
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Configure the following command on an IPv4-enabled router.
Command

iproute[vrf vrf_name]networknet-mask {ip-address | interface[ip-address]} [distance] [tag tag] [permanent | track
object-number| arp ] [weight number] [descriptiondescription-text] [disabled | enabled] [global]

Parameter

vrfvrf_name

(Optional)Indicates the routingVRF,which can be a single-protocol IPv4VRF or a multi-protocol

Description

VRF of a configured IPv4 address family. The VRF is a global VRF by default.
network

Indicates the address of the destination network.

net-mask

Indicates the mask of the destination network.

ip-address

(Optional) Indicates the next-hop address of the static route. You must specify at least one of
ip-addressandinterface,orbothofthem.Ifip-addressisnotspecified,astaticdirectrouteis
configured.
(Optional) Indicates the next-hop exit interface of the static route. Youmust specify at least one of

interface

ip-addressandinterface,orbothofthem.Ifinterfaceisnotspecified,arecursivestaticdirectroute
is configured. The exit interface is obtained by the next hop in the routing table.
(Optional)Indicatestheadministrativedistanceofthestaticroute.Theadministrativedistanceis1

distance

by default.
tag

(Optional) Indicates the tag of the static route. The tag is 0 by default.

permanent

(Optional) Indicates the flag of the permanent route. The static route is not a permanent route by
default.

track object-number

(Optional)Indicates correlation withTrack. object-number indicatesthe ID of the trackobject. By
default, the static route is not correlated with the Track function.

weight number

(Optional) Indicates the weight of the static route. The weight is 1 by default.

descriptiondescripti

(Optional) Indicates the description of the static route. By default, no description is configured.

on-text

description-text is a string of one to 60 characters.

disabled/enabled

(Optional) Indicates the enable flag of the static route. The flag is enabled by default.

global

(Optional) Indicates that the next hop belongs to a global VRF.By default, the VRF of the next
hop is the same as the VRF specified by vrf name.

arp

(Optional) Correlate the static route with ARP function. By default, it is not correlated.

Defaults

By default, no static route is configured.

Command

Global configuration mode

Mode
Usage Guide

The simplest configuration of this command is ip route networknet-maskip-address.
If the static route is correlated withTrack and the down status of the trace object is detected, the static route is not active
and does not participate in packet forwarding.
If the static route is correlated with ARP,but no ARP information is detected, the static route is not active and does not
participate in packet forwarding.



Configuring an IPv6 Static Route

Configure the following command on an IPv6-enabled router.
Command

ipv6 route [vrfvrf-name] ipv6-prefix/prefix-length { ipv6-address [nexthop-vrf {vrf-name1| default}] | interface
[ ipv6-address [nexthop-vrf {vrf-name1| default}]] } [distance] [weightnumber] [descriptiondescription-text]

Parameter

vrfvrf-name

Description

address family. The VRF is a global VRF by default.
ipv6-prefix
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prefix-length

Indicates the length of the IPv6 prefix. Note that a slash (/) must be added in front of the length.

ipv6-address

(Optional) Indicates the next-hop address of the static route. You must specify at least one of
ipv6-address and interface, or both of them. If ipv6-address is not specified, a static direct route is
configured.

interface

(Optional) Indicates the next-hop exit interface of the static route. Youmust specify at least one of
ipv6-address and interface, or both of them. If interface is not specified, a recursive static direct
route is configured. The exit interface is obtained by the next hop in the routing table.

nexthop-vrf

(Optional) Indicates the routing VRF of the next hop, which must be a multi-protocol VRF of a

vrf-name1

configured IPv6 address family. By default, the VRF of the next hop is the same as the VRF specified
by the VRF name.nexthop-vrf default indicates that the VRF of the next shop is a global VRF.

distance

(Optional)Indicatestheadministrativedistanceofthestaticroute.Theadministrativedistanceis1
by default.

weight number

(Optional) Indicates the weight of the static route, which must be specified when you configure
equal-cost routes.The weight ranges from 1 to 8. When the weights of all equal-costroutes of a
routearesummed up, thesum cannot exceed the maximum number of equal-cost routes that can
be configured for the route. Weighting of equal-cost routes of a route indicates the traffic ratio of
these routes. The weight is 1 by default.

descriptiondescripti

(Optional) Indicates the description of the static route. By default, no description is configured.

on-text

description-text is a string of one to 60 characters.

Defaults

By default, no static route is configured.

Command

Global configuration mode

Mode
Usage Guide

The simplest configuration of this command is ipv6 routeipv6-prefix / prefix-lengthipv6-address.

Verification



Run the showip routecommand todisplay the IPv4 routing table and check whether the configured IPv4 staticroute takes
effect.



Run the showipv6 routecommand to display theIPv6 routing tableand check whether the configured IPv6 staticroute takes
effect.

Configuration Example



Configuring Static Routes to Implement Interworking of the IPv4 Network
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Scenario
Figure 10- 7

Configuration

 Configure interface addresses on each device.

Steps
R1

R1#configure terminal
R1(config)#interface gigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)# ip address 1.1.1.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/2
R1(config-if-GigabitEthernet 0/2)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/3
R1(config-if-GigabitEthernet 0/3)# ip address 1.1.13.1 255.255.255.0

R2

R2#configure terminal
R2(config)#interface gigabitEthernet 0/0
R2(config-if-GigabitEthernet 0/0)# ip address 1.1.2.1 255.255.255.0
R2(config-if-GigabitEthernet 0/0)# exit
R2(config)#interface gigabitEthernet 0/1
R2(config-if-GigabitEthernet 0/1)# ip address 1.1.12.2 255.255.255.0
R2(config-if-GigabitEthernet 0/0)# exit
R2(config)#interface gigabitEthernet 0/3
R2(config-if-GigabitEthernet 0/3)# ip address 1.1.23.2 255.255.255.0

R3

R3#configure terminal
R3(config)#interface gigabitEthernet 0/0
R3(config-if-GigabitEthernet 0/0)# ip address 1.1.3.1 255.255.255.0
R3(config-if-GigabitEthernet 0/0)# exit
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R3(config)#interface gigabitEthernet 0/1
R3(config-if-GigabitEthernet 0/1)# ip address 1.1.13.3 255.255.255.0
R3(config-if-GigabitEthernet 0/0)# exit
R3(config)#interface gigabitEthernet 0/2
R3(config-if-GigabitEthernet 0/2)# ip address 1.1.23.3 255.255.255.0

 Configure static routes on each device.
R1

R1#configure terminal
R1(config)#ip route 1.1.2.0 255.255.255.0 GigabitEthernet 0/2 1.1.12.2
R1(config)#ip route 1.1.3.0255.255.255.0 GigabitEthernet0/3 1.1.13.3

R2

R2#configure terminal
R2(config)#ip route 1.1.1.0 255.255.255.0 GigabitEthernet 0/1 1.1.12.1
R2(config)#ip route 1.1.3.0255.255.255.0 GigabitEthernet0/3 1.1.23.3

R3

R3#configure terminal
R3(config)#ip route 1.1.2.0 255.255.255.0 GigabitEthernet 0/2 1.1.23.2
R3(config)#ip route 1.1.1.0255.255.255.0 GigabitEthernet0/1 1.1.13.1

Verification

 Display the routing table.

R1

R1# show ip route
Codes: C-Connected,L-Local,S-Static
R-RIP,O- OSPF,B -BGP,I- IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, * - candidate default

Gatewayoflastresortisnoset
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C

1.1.1.0/24 is directly connected, GigabitEthernet 0/0

C

1.1.1.1/32 is local host.

S

1.1.2.0/24 [1/0] via 1.1.12.2, GigabitEthernet 0/2

S

1.1.3.0/24 [1/0] via 1.1.13.3, GigabitEthernet 0/2

C

1.1.12.0/24 is directly connected, GigabitEthernet 0/2

C

1.1.12.1/32 is local host.

C

1.1.13.0/24 is directly connected, GigabitEthernet 0/3

C

1.1.13.1/32 is local host.
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R2

R2# show ip route
Codes: C-Connected,L-Local,S-Static
R-RIP,O- OSPF,B -BGP,I- IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, * - candidate default

Gateway of last resort is no set

R3

S

1.1.1.0/24 [1/0] via 1.1.12.1, GigabitEthernet 0/0

C

1.1.2.0/24 is directly connected, GigabitEthernet 0/0

C

1.1.2.1/32 is local host.

S

1.1.3.0/24 [1/0] via 1.1.23.3, GigabitEthernet 0/3

C

1.1.12.0/24 is directly connected, GigabitEthernet 0/1

C

1.1.12.2/32 is local host.

C

1.1.23.0/24 is directly connected, GigabitEthernet 0/3

C

1.1.23.2/32 is local host.

R3# show ip route
Codes: C-Connected,L-Local,S-Static
R-RIP,O- OSPF,B -BGP,I- IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, * - candidate default

Gateway of last resort is no set

www.fs.com

S

1.1.1.0/24 [1/0] via 1.1.13.1, GigabitEthernet 0/2

S

1.1.2.0/24 [1/0] via 1.1.23.2, GigabitEthernet 0/2

C

1.1.3.0/24 is directly connected, GigabitEthernet 0/0

C

1.1.3.1/32 is local host.

C

1.1.13.0/24 is directly connected, GigabitEthernet 0/1

C

1.1.13.3/32 is local host.

C

1.1.23.0/24 is directly connected, GigabitEthernet 0/2

C

1.1.23.3/32 is local host.
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Correlating IPv4 Static Routes with Track

Scenario
Figure 10- 8

Configuration



Configure static routes on R 1 and R 2, and specify the exit interface or next hop as the interworking interface.

Steps



Correlate static routes with Track on R 1 and R 2, and check the connectivity of the next hops of static routes.


R1

R1#configure terminal
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet 0/1)# exit
R1(config)#track 2 interface gigabitEthernet 0/1 line-protocol
R1(config)# ip route 1.1.2.0 255.0.0.0 gigabitEthernet 0/1 1.1.12.2 track 2

R2

R2#configure terminal
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)# ip address 1.1.12.2 255.255.255.0
R1(config-if-GigabitEthernet 0/1)# exit
R1(config)#track 2 interface gigabitEthernet 0/1 line-protocol
R1(config)# ip route 1.1.1.0 255.0.0.0 gigabitEthernet 0/1 1.1.12.1 track 2

Verification



Display the Track status.



Display the static routes correlated with Track.

R1# show track 2
Track 2
Interface gigabitEthernet 0/1
The state is Up, delayed Down (5 secs remaining)
1 change, current state last: 300 secs
Delay up 0 secs, down 0 secs

R1#show ip route track-table
ip route 1.1.2.0 255.0.0.0 GigabitEthernet 0/1 1.1.12.2 track 2 up



Configuring Static Routes to Implement Interworking of the IPv6 Network

www.fs.com
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Scenario
Figure 10- 9

Configuration

 Configure interface addresses on each device.

Steps
R1

R1#configure terminal
R1(config)#interface gigabitEthernet 0/0
R1(config-if-GigabitEthernet0/0)# ipv6 address 1111:1111::1/64
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)# ipv6 address 1111:1212::1/64

R2

R2#configure terminal
R2(config)#interface gigabitEthernet 0/0
R2(config-if-GigabitEthernet 0/0)#ipv6 address 1111:2323::1/64
R2(config-if-GigabitEthernet 0/0)# exit
R2(config)#interface gigabitEthernet 0/1
R2(config-if-GigabitEthernet 0/1)# ipv6 address 1111:1212::2/64

 Configure static routes on each device.
R1

R1#configure terminal
R1(config)# ipv6 route 1111:2323::0/64 gigabitEthernet 0/1

R2

R2#configure terminal
R2(config)#ipv6 route 1111:1111::0/64 gigabitEthernet 0/1

Verification

 Display the routing table.

R1

R1# show ipv6 route

IPv6 routing table name - Default - 10 entries
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2

www.fs.com
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SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

R2

C

1111:1111::/64 via GigabitEthernet 0/0, directly connected

L

1111:1111::1/128 via GigabitEthernet 0/0, local host

C

1111:1212::/64 via GigabitEthernet 0/1, directly connected

L

1111:1212::1/128 via GigabitEthernet 0/1, local host

S

1111:2323::/64 [1/0] via GigabitEthernet 0/1, directly connected

C

FE80::/10 via ::1, Null0

C

FE80::/64 via GigabitEthernet 0/0, directly connected

L

FE80::2D0:F8FF:FEFB:C092/128 via GigabitEthernet 0/0, local host

C

FE80::/64 via GigabitEthernet 0/1, directly connected

L

FE80::2D0:F8FF:FEFB:C092/128 via GigabitEthernet 0/1, local host

R2# show ipv6 route

IPv6 routing table name - Default - 10 entries
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area

C

1111:2323::/64 via GigabitEthernet 0/0, directly connected

L

1111:2323::1/128 via GigabitEthernet 0/0, local host

C

1111:1212::/64 via GigabitEthernet 0/1, directly connected

L

1111:1212::1/128 via GigabitEthernet 0/1, local host

S

1111:1111::/64 [1/0] via GigabitEthernet 0/1, directly connected

C

FE80::/10 via ::1, Null0

C

FE80::/64 via GigabitEthernet 0/0, directly connected

L

FE80::2D0:F8FF:FEFB:C092/128 via GigabitEthernet 0/0, local host

C

FE80::/64 via GigabitEthernet 0/1, directly connected

L

FE80::2D0:F8FF:FEFB:C092/128 via GigabitEthernet 0/1, local host

Common Errors

www.fs.com
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The link on the interface is not up.



No IP address is configured for the interface.



The static route is correlated with Track, but the track object is not configured.

10.5.2 Configuring a DefaultRoute

Configuration Effect



Generate a default route in the routing table. The default route is used to forward packets that cannot be forwarded by other
routes.

Notes



On a L3 switch, run the ip route 0.0.0.0 0.0.0.0 gatewayor ipv6 route ::/0 ipv6-gatewaycommand to configure the default
gateway.



If the no ip routing or no ipv6 unicast- routing command is configured on a L3 switch, you can run the ip default gateway or
ipv6 default gateway command to configure the default gateway.

Configuration Steps



Configuring the IPv4 Gateway on a L2 Switch

Command

ip default-gatewaygateway

Parameter

gateway

indicates the IPv4 gateway address.

Description
Defaults

By default, no static default route is configured.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the IPv6 Gateway on a L2 Switch

Command

ipv6 default-gatewaygateway

Parameter

gateway

indicates the IPv6 gateway address.

Description
Defaults

By default, no static default route is configured.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the IPv4 Default Gateway on a L3 Switch

Command

ip route [vrf vrf_name]0.0.0.00.0.0.0{ip-address | interface [ip-address]} [distance] [tag tag] [permanent ] [weight
number] [descriptiondescription-text] [disabled | enabled] [global]

Parameter
Description

www.fs.com

vrfvrf_name

(Optional)IndicatestheroutingVRF,whichcanbeasingle-protocolIPv4VRForamulti-protocol
VRF of a configured IPv4 address family. The VRF is a global VRF by default.

0.0.0.0

Indicates the address of the destination network.

0.0.0.0

Indicates the mask of the destination network.
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ip-address

(Optional) Indicates the next-hop address of the static route. Youmust specify at least one of
ip-addressandinterface,orbothofthem.Ifip-addressisnotspecified,astaticdirectrouteis
configured.

interface

(Optional)Indicates thenext-hop exit interface of thestatic route.Youmust specifyatleast one
ofip-addressand interface,or bothof them. Ifinterfaceisnot specified, arecursivestaticdirect
route is configured. The exit interface is obtained by the next hop in the routing table.

distance

(Optional)Indicatestheadministrativedistanceofthestaticroute.Theadministrativedistanceis
1 by default.

tag

(Optional) Indicates the tag of the static route. The tag is 0 by default.

permanent

(Optional) Indicates the flag of the permanent route. The static route is not a permanent route
by default.

weight number

(Optional) Indicates the weight of the static route. The weight is 1 by default.

descriptiondescription

(Optional) Indicates the description of the static route. By default, no description is configured.

-text

description-text is a string of one to 60 characters.

disabled /enabled

(Optional) Indicates the enable flag of the static route. The flag is enabled by default.

global

(Optional) Indicates that the next hop belongs to a global VRF.By default, the VRF of the next
hop is the same as the VRF specified by vrf name.

Defaults

By default, no static default route is configured.

Command

Global configuration mode

Mode
Usage Guide



The simplest configuration of this command is ip route0.0.0.0 0.0.0.0 ip-address.

Configuring the IPv6 Default Gateway on a L3 Switch

Command

ipv6route[vrfvrf-name]::/0{ipv6-address[nexthop-vrf {vrf-name1|default}]|interface[ipv6-address [nexthop-vrf
{vrf-name1| default}]] } [distance] [weightnumber] [descriptiondescription-text]

Parameter
Description

vrfvrf-name

(Optional) Indicates the routing VRF,which must be a multi-protocolVRF of a configured IPv6
address family. The VRF is a global VRF by default.

::

Indicates the IPv6 prefix, which must comply with the address expression specified in RFC4291.

0

Indicates the length of the IPv6 prefix. Note that a slash (/) must be added in front of the length.
(Optional) Indicates the next-hop address of the static route. Youmust specify at least one of

Ipv6-address

ipv6-address and interface, or both of them. If ipv6-address is not specified, a static direct route is
configured.
(Optional) Indicates the next-hop exit interface of the static route.Youmust specifyat least one

interface

of ipv6-address and interface, or both of them. If interface is not specified, a recursive static direct
route is configured. The exit interface is obtained by the next hop in the routing table.
(Optional) Indicatesthe routingVRF of the next hop, whichmust be a multi-protocolVRF of a

nexthop-vrf

configuredIPv6 address family.By default, theVRF of the next hop is thesame as theVRF

vrf-name1

specifiedbyvrfname.nexthop-vrfdefault indicatesthat theVRFofthe next shop isaglobal
VRF.

distance
weight number

(Optional)Indicatestheadministrativedistanceofthestaticroute.Theadministrativedistanceis
1 by default.
(Optional) Indicates the weight of the static route, which must be specified when you configure
equal-cost routes.The weight ranges from1 to 8. When theweights of all equal-costroutes of a
route are summed up, the sum cannot exceed the maximum number of equal-cost routes that

www.fs.com
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can be configured for the route. Weighting of equal-cost routes of a route indicates the traffic
ratio of these routes. The weight is 1 by default.
descriptiondescription

(Optional) Indicates the description of the static route. By default, no description is configured.

-text

description-text is a string of one to 60 characters.

Defaults

By default, no static default route is configured.

Command

Global configuration mode

Mode
Usage Guide



The simplest configuration of this command is ipv6 route ::/0 ipv6-gateway.

Configuring the IPv4 Default Network on a L3 Switch

Command

ip default-network network

Parameter

network

Indicates the address of the network. (The network must be a Class A, B, or C network.)

Description
Defaults

By default, no default network is configured.

Command

Global configuration mode

Mode
Usage Guide

If the network specified by the ip default-network command exists, a default route is generated and the next hop to this
network is the default gateway. If the network specified by the ip default-network command does not exist, the default
route is not generated.

Verification



OnaL2 switch(or aL3switchwhere routingisdisabled), runthe show ipredirectsor showipv6redirectscommand todisplay
the default gateway.



On a L3 switch where routing is enabled, run the show ip route or show ipv6 route command to display the default route.

Configuration Example



Configuring IPv4 Default Routes on L3 Switches to Implement Network Interworking

Scenario
Figure 10- 10

Configuration

 Configure IP addresses on L3 devices.

Steps
R1

R1#configure terminal
R1(config)#interface gigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)# ip address 1.1.1.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/1

www.fs.com
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R1(config-if-GigabitEthernet 0/1)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R2

R2#configure terminal
R2(config)#interface gigabitEthernet 0/0
R2(config-if-GigabitEthernet 0/0)# ip address 1.1.2.1 255.255.255.0
R2(config-if-GigabitEthernet 0/0)# exit
R2(config)#interface gigabitEthernet 0/1
R2(config-if-GigabitEthernet 0/1)# ip address 1.1.12.2 255.255.255.0
R2(config-if-GigabitEthernet 0/0)# exit

R1

 Configure an IPv6 default gateway on R 1.
R1#configure terminal
R1(config)#ip route 0.0.0.0 0.0.0.0 GigabitEthernet 0/1 1.1.12.2

R2

R2#configure terminal
R2(config)#ip route 0.0.0.0 0.0.0.0 GigabitEthernet 0/1 1.1.12.1

Verification

 Display the routing table.

R1

R1# show ip route
Codes: C-Connected,L-Local,S-Static
R-RIP,O- OSPF,B -BGP,I- IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, * - candidate default

Gateway of last resort is 1.1.12.2
S*

0.0.0.0/0 [1/0] via 1.1.12.2, GigabitEthernet 0/1

C

1.1.1.0/24 is directly connected, GigabitEthernet 0/0

C

1.1.1.1/32 is local host.

C

1.1.12.0/24 is directly connected, GigabitEthernet 0/1

C

1.1.12.1/32 is local host.

10.5.3 Configuring Route Limitations

Configuration Effect

www.fs.com
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Limit the number of equal-cost routes and number of static routes, or disable routing.

Notes
Route limitations cannot be configured on a L2 switch.
Configuration Steps



Configuring the Maximum Number of Equal-Cost Routes

Command

maximum-pathsnumber

Parameter

number

Indicates the maximum number of equal-cost routes. The value ranges from 1 to 64.

Description
Defaults

The default value varies from products.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the maximum number of next hops in the equal-cost route. In load balancing mode, the
number of routes on which traffic is balanced does not exceed the configured number of equal-cost routes.



Configuring the Maximum Number of IPv4 Static Routes

Command

ip static route-limitnumber

Parameter

number

Indicates the upper limit of routes. The value ranges from 1 to 10,000.

Description
Defaults

By default, a maximum of 1,024 IP static routes can be configured.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the maximum number of IPv4 static routes. If the maximum number of IPv4 static routes
is reached, no more IPv4 static route can be configured.



Configuring the Maximum Number of IPv6 Static Routes

Command

ipv6 static route-limitnumber

Parameter

number

Indicates the upper limit of routes. The value ranges from 1 to 10,000.

Description
Defaults

By default, a maximum of 1,000 IPv6 static routes can be configured.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the maximum number of IPv6 static routes. If the maximum number of IPv6 static routes
is reached, no more IPv6 static route can be configured.



Disabling IPv4 Routing

Command

no ip routing

Parameter

N/A

Description
Defaults

By default, IPv4 routing is enabled.

Command

Global configuration mode

Mode

www.fs.com
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Usage Guide

Run this command to disableIPv4 routing. If the device functions only as a bridge or a voice over IP(VoIP) gateway, the
devicedoes not needtousetheIPv4routing functionof theFSOS software.In thiscase,you can disabletheIPv4 routing
function of the FSOS software.



Disabling IPv6 Routing

Command

no ipv6 unicast-routing

Parameter

N/A

Description
Defaults

By default, IPv6 routing is enabled.

Command

Global configuration mode

Mode
Usage Guide

Run this command to disable IPv6 routing. If the device functions only as a bridge or aVoIP gateway, the device does not
needto use the IPv6 routing function of the FSOS software. In this case, you candisable the IPv6 routing function of the
FSOS software.



Prohibiting Static Routing Across VRFs

Command

no ip route static inter-vrf

Parameter

N/A

Description
Defaults

By default, static IP or IPv6 routing across VRFs is allowed.

Command

Global configuration mode

Mode
Usage Guide

Run this command to prohibit static IP routing acrossVRFs. After this command is configured, the staticIP route across
VRFs is not active and cannot be participate in packet forwarding.

Verification
Run the show run command to display the configuration file and verify that the preceding configuration commands exist.
Configuration Example



Configuring at Most Two Static Routing Limitations

Scenario
Figure 10- 6
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Configuration

On R 1, configure the IP addresses, static routes, and maximum number of static routes.

Steps
R1#configure terminal
R1(config)#interface gigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)# ip address 1.1.1.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/2
R1(config-if-GigabitEthernet 0/2)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/3
R1(config-if-GigabitEthernet 0/3)# ip address 1.1.13.1 255.255.255.0
R1(config-if-GigabitEthernet 0/3)# exit
R1(config)#ip route 1.1.3.0 255.255.255.0 1.1.13.3
R1(config)#ip route 1.1.4.0 255.255.255.0 1.1.12.2
R1(config)#ip route 1.1.5.0 255.255.255.0 1.1.12.2
R1(config)#ip static route-limit 2
% Exceeding maximum static routes limit.

Verification

 Check the static routes that really take effect in the routing table.
R1(config)# show ip route
Codes: C-Connected,L-Local,S-Static
R-RIP,O- OSPF,B -BGP,I- IS-IS
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, * - candidate default

Gatewayoflastresortisnoset

www.fs.com

C

1.1.1.0/24 is directly connected, GigabitEthernet 0/0

C

1.1.1.1/32 is local host.

S

1.1.3.0/24 [1/0] via 1.1.13.3

S

1.1.4.0/24 [1/0] via 1.1.12.2
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C

1.1.12.0/24 is directly connected, GigabitEthernet 0/2

C

1.1.12.1/32 is local host.

C

1.1.13.0/24 is directly connected, GigabitEthernet 0/3

C

1.1.13.1/32 is local host.

10.5.4 Correlating a Static Route with BFD

Configuration Effect



A static route can quickly detect a route failure with the help of BFD.

Notes



BFD correlation cannot be configured on a L2 switch.



You must configure a static route.



You must configure the BFD session parameters by running the bfd interval xmin_rx xmultiplier x command.

Configuration Steps



Correlating an IPv4 Static Route with BFD

Command

ip route static bfd [ vrf vrf-name]interface-type interface-number gateway[ sourceip-addess]

Parameter

vrfvrf-name

Description

(Optional)Indicatesthename oftheVRFtowhichthestaticroutebelongs.TheVRFisaglobalVRF
by default.

interface-type

Indicates the interface type.

interface-number

Indicates the interface number.

gateway

Indicatesthe IP address of the gateway, that is, the neighbor IP address of BFD. If the next hop of
the static route is this neighbor, BFD is used to check the connectivity of the forwarding path.

source ip-addess

(Optional) Indicates the source IP address used for the BFD session. This parameter must be
configured if the neighbor IP address involves multiple hops. By default, the source IP address is
not specified.

Defaults

By default, a static route is not correlated with BFD.

Command

Global configuration mode

Mode
Usage Guide

Run this command to correlate an IPv4 static route with BFD. If the down status of the BFD session is detected, the IPv4
static route is not active and does not participate in packet forwarding.



Correlating an IPv6 Static Route with BFD

Command

ipv6 route static bfd [vrfvrf-name] interface-type interface-number gateway [source ipv6-address]

Parameter

vrfvrf-name

Description

(Optional)Indicatesthename oftheVRFtowhichthestaticroutebelongs.TheVRFisaglobalVRF
by default.

interface-type

Indicates the interface type.

interface-number

Indicates the interface number.

gateway

Indicatesthe IP address of the gateway, that is, the neighbor IP address of BFD. If the next hop of
the static route is this neighbor, BFD is used to check the connectivity of the forwarding path.

www.fs.com
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sourceip-addess

(Optional) Indicates the source IP address used for the BFD session. This parameter must be
configurediftheneighborIPaddressinvolvesmultiplehops.Bydefault,theneighborIPaddress
of the BFD session is a single hop, and the source IP address is not used.

Defaults

By default, a static route is not correlated with BFD.

Command

Global configuration mode

Mode
Usage Guide

Run this command to correlate an IPv6 static route with BFD. If the down status of the BFD session is detected, the IPv6
static route is not active and does not participate in packet forwarding.

Verification



Run the show bfd neighbors command to display information about BFD neighbors.



Run the show ip route static bfdor show ipv6 routestaticbfd command todisplay information about correlation of static
routes with BFD.

Configuration Example



Correlating an IPv4 Static Route with BFD

Scenario
Figure 10- 7

Configuration



Configure a BFD session on the interconnect interface between R 1 and R 2.

Steps



Configure static routes on R 1 and R 2, and specify the exit interface or next hop as the interworking interface.



Correlate static routes with BFD on R 1 and R 2, and check the connectivity of the next hops of static routes.

R1

R1#configure terminal
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)# no switchport
R1(config-if-GigabitEthernet 0/1)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet0/1)#bfd interval 50 min_rx 50 multiplier 3
R1(config-if-GigabitEthernet 0/1)# exit
R1(config)# ip route 1.1.2.0 255.0.0.0 FastEthernet 0/1 1.1.12.2
R1(config)#ip route static bfd gigabitEthernet 0/1 1.1.12.2

R2

R2#configure terminal
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)# no switchport
R1(config-if-GigabitEthernet 0/1)# ip address 1.1.12.2 255.255.255.0
R1(config-if-GigabitEthernet 0/1)#bfd interval 50 min_rx 50 multiplier 3
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R1(config-if-GigabitEthernet 0/1)# exit
R1(config)#iproute 1.1.1.0255.0.0.0 FastEthernet0/11.1.12.1
R1(config)#ip route static bfd gigabitEthernet 0/1 1.1.12.1

Verification
R1



Display the status of BFD neighbors.



Display the static routes correlated with BFD.

R1#show bfd neighbors
OurAddr
1.1.12.1

NeighAddr
1.1.12.2

LD/RD
8192/0

RH/RS

Up

Holdown(mult) State Int

0(3

)

Up GigabitEthernet 0/1

R1#show ip route static bfd
S

1.1.2.0/24 via 1.1.12.2, GigabitEthernet 0/1, BFD state is Up

Common Errors



The link on the interface is not up.



No IP address is configured for the interface.



No BFD session parameters are configured.



No static route is configured.

10.5.5 Configure Static Fast Reroute

Configuration Effect



Configure and enable static fast reroute.

Notes



Static fast reroute cannot be configured on a L2 switch.



You must configure a static route.



You must configure a route map.

Configuration Steps



Defining a Standby Route in the Route Map

Command

set fast-reroute backup-nexthop interface ip-address

Parameter

interface

Indicates the standby exit interface.

Description

ip-address

Indicates the standby next hop.

Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide
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Run the match command to define matching conditions.
Run the set fast-reroute backup-nexthop interface ip-address command to define the standby exit interface and
standby next hop.
If a route meets matching conditions, a standby route is generated for this route. If the match command is not
configured, standby routes are generated for any static route with the exit interface and next hop.



Enabling Fast Reroute and Referencing the Route Map

Command

ip fast-reroute [ vrf vrf-name] static route-map route-map-name

Parameter

vrf-name

(Optional) Specifies aVRF.If theVRF is not specified, the command is executed on all VRFs.

Description

route-map-name

Indicates the name of the road map for the standby route.

Defaults

By default, static fast reroute is not configured.

Command

Global configuration mode

Mode
Usage Guide

Run this command to enable fast reroute and reference the route map.

Verification
Run the show ip route fast-reroute command to display the active and standby routes that take effect.
Configuration Example



Configuring Fast Re-Routing

Scenario
Figure 10- 8

Configuration

On R 1, configure a static route to the network segment of PC 3, and the next hop of the exit interface is R 3.

Steps

On R 1, configure static fast reroute. The next hop of the exit interface of the standby route is R2.
R1#configure terminal
R1(config)#interface gigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)# ip address 1.1.1.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/2
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R1(config-if-GigabitEthernet 0/2)# ip address 1.1.12.1 255.255.255.0
R1(config-if-GigabitEthernet 0/0)# exit
R1(config)#interface gigabitEthernet 0/3
R1(config-if-GigabitEthernet 0/3)# ip address 1.1.13.1 255.255.255.0
R1(config-if-GigabitEthernet 0/3)# exit
R1(config)# ip route 1.1.3.0 255.255.255.0 GigabitEthernet 0/3 1.1.13.3
R1(config)#route-map fast-reroute
R1(config-route-map)# set fast-reroute backup-interface GigabitEthernet 0/2 backup-nexthop 1.1.12.2
R1(config-route-map)# exit
R1(config)#ip fast-reroute static route-map fast-reroute

Verification

DisplaytheactiveandstandbyroutesonR1.
R1#show ip route fast-reroute
Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i- IS-IS,su -IS-IS summary,L1 -IS-IS level-1,L2- IS-IS level-2
ia - IS-IS inter area, * - candidate default
Status codes: m - main entry, b - backup entry, a - active entry

Gateway of last resort is no set
S

1.1.3.0 /24 [ma] via 1.1.13.3, GigabitEthernet 0/3
[b] via 1.1.12.2, GigabitEthernet 0/2

Common Errors



The link on the interface is not up.



No static route is configured.



The matching conditions are not configured or are not properly configured in the road map.

10.5.6 Configuring ARP-to-host Conversion

Configuration Effect



Enable ARP-to-host conversion on a specified interface.
Notes
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This configuration cannot be performed on a Layer-2 switch.



The interface must be a Layer-3 interface in up status.
Configuration Steps



Enabling ARP-to-host Conversion on a Specified Interface

Command

ip route arp-to-host interface interface-name

Parameter

interface-name: Indicates an interface name.

Description
Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide



This command is used to convert ARP entries into 32-bit host routes on a specified interface.

Enabling ARP Proxy

Command

local-proxy-arp

Parameter

N/A

Description
Defaults

N/A

Command

Interface configuration mode

Mode
Usage Guide

After receiving an ARP request, the device uses a proxy to send an ARP response with its own Ethernet MAC address. In
this case, hosts communicate with each other through Layer-3 routes.



Configuring BGP Redistribution of ARP Host Routes

Command

redistribute arp-host[ route-map map-tag ] [ metricmetric-value ]

Parameter

route-map map-tag: Indicates the name of an associated route map. No route map is associated by default.

Description

metric metric-value: Indicates the default metric value for redistributing routes, in the range from 0 to 4,294,967,295.
The value is not set by default.

Defaults

N/A

Command

BGP configuration mode

Mode
Usage Guide

This command is used to configure BGP redistribution of ARP host routes.

Verification
Run the show ip route arphost command to display the generated host routes.
Configuration
Example



Configuring ARP-to-host Conversion
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Scenario
Figure 10- 9

Configuration

Configure interface addresses on R1 and R2.

Steps

Enable ARP-to-host conversion on specified interfaces of R1 and R2, configure a BGP neighbor relationship, and
redistribute ARP host routes.

R1

R1#configure terminal
R1(config)#interface vlan 40
R1(config-if-VLAN 40)#ip address 1.1.1.3 24
R1(config-if-VLAN 40)#local-proxy-arp
R1(config-if-VLAN 40)#exit
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)#switchport
R1(config-if-GigabitEthernet 0/1)#switchport mode trunk
R1(config-if-GigabitEthernet 0/1)#switchport trunk allowed vlan only 40
R1(config-if-GigabitEthernet 0/1)#exit
R1(config)#interface gigabitEthernet 0/2
R1(config-if-GigabitEthernet 0/2)# ip address 10.10.10.1 255.255.255.0
R1(config-if-GigabitEthernet 0/2)# exit
R1(config)#router bgp 1
R1(config-router)#neighbor 10.10.10.2 remote-as 1
R1(config-router)#redistribute arp-host
R1(config-router)#address-family ipv4
R1(onfig-router-af)#neighbor 10.10.10.2 next-hop-self
R1(onfig-router-af)#exit
R1(config-router)#exit
R1(config)#ip route arp-to-host vlan 40
R1(config)#ip route arp-to-host delay-time 1

R2

R2#configure terminal
R2(config)#interface vlan 40
R2(config-if-VLAN 40)#ip address 1.1.1.4 24
R2(config-if-VLAN 40)#local-proxy-arp
R2(config-if-VLAN 40)#exit
R2(config)#interface gigabitEthernet 0/1
R2(config-if-GigabitEthernet 0/1)# switchport
R2(config-if-GigabitEthernet 0/1)#switchport mode trunk
R2(config-if-GigabitEthernet 0/1)# switchport trunk allowed vlan only 40
R2(config-if-GigabitEthernet 0/1)#exit
R2(config)#interface gigabitEthernet 0/2
R2(config-if-GigabitEthernet 0/2)# ip address 10.10.10.2 255.255.255.0
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R2(config-if-GigabitEthernet 0/2)# exit
R2(config)#router bgp 1
R2(config-router)#neighbor 10.10.10.1 remote-as 1
R2(config-router)#redistribute arp-host
R2(config-router)#address-family ipv4
R2(onfig-router-af)#neighbor 10.10.10.1 next-hop-self
R2(onfig-router-af)#exit
R2(config-router)#exit
R2(config)#ip route arp-to-host vlan 40
R2(config)#ip route arp-to-host delay-time 1
Verification

Display the ARP host routes of R1 to check that PC1 can ping PC2.
R1(config)#show ip route arphost
A

1.1.1.1/32 [1/0] via 1.1.1.1, gigabitEthernet 0/1

R1#show ip route
Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, EV - BGP EVPN, A - Arp to host
* - candidate default
Gateway of last resort is 0.0.0.0 to network 0.0.0.0
S*

0.0.0.0/0 is directly connected, Null 0

C

10.10.10.0/24 is directly connected, GigabitEthernet 0/2

C

10.10.10.1/32 is local host.

C

1.1.1.0/24 is directly connected, VLAN 40

A

1.1.1.1/32 [1/0] via 1.1.1.1, VLAN 40

C

1.1.1.3/32 islocal host.

B

1.1.1.2/32 [200/0] via 10.10.10.2, 00:57:12

Common Errors



The ARP proxy function is not enabled on specified interfaces.

10.5.7 Configuring nd-to-routeConversion

Configuration Effect



Enable nd-to-route on a specified interface

Notes



This configuration cannot be performed on a Layer-2 switch.



The interface must be a Layer-3 interface in up status.

Configuration Steps
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Enabling nd-to-route on a Specified Interface

Command

ipv6 route nd-to-route interface interface-name [ipv6-prefix X:X:X:X::X/<0-128>] [prefix-len masklen]

Parameter

interface-name: the interface name.

Description

X:X:X:X::X/<0-128>: Ipv6 network segment. If the nd entries match this network segment, the route is converted according
to the mask specified by this network segment. If the network segment does not specify a mask, the default mask is 128.
masklen: the mask length of the nd-to-route. The range is 0 to 128, and the default value is 128. If an IPv6 network
segment is specified, it is longer than the mask length of configured network segment. If no IPv6 network segment is
specified, it is longer than the mask length of IPv6 address on the interface. Otherwise, the configuration fails.

Defaults
Command

N/A
Global configuration mode

Mode
Usage Guide If the IPv6 network segment and prefix-len are not specified, the ND learned on the default interface generates a 128-bit
route. If no IPv6 network segment is specified but prefix-len is specified, ND on the interface generate the specified
prefix- len. If IPv6 network segment is specified but prefix-len is not specified, the network segment generates a 128-bit
route by default. If the network segment and the prefix-len are specified, the network segment is verified to match with
the prefix when the ND is learned, and then the prefix-len is generated. If the network segment and prefix-len are
specified, and the prefix-len of an unspecified network segment is configured, the specified interface generates the route
according to its prefix-len, while the unspecified interface generates the route according to the unspecified prefix-len.
If you configure the IPv6 address of an interface before configuring the prefix-len of the interface address to generate a
route with fixed-length mask, a configuration error occurs when the prefix-len is shorter than or equal to the mask of the
IPv6address.The prefix-lencommandfails. For example, firstconfigure IPv6address10::1/64 on theinterfaceofvlan 40,
and then configure ipv6 route nd-to-route interface vlan 40 ipv6-prefix 10::1/58 prefix-len 60 in the global configuration
mode, the configuration fails.
If you configure the IPv6 address of an interface before configuring the prefix-len of an unspecified network segment, a
configuration error occurs when the prefix-len is shorter than or equal to the mask of any of the IPv6 addresses on the
interface. The prefix-len configuration command for the unspecified network segment fails. For example, first configure
IPv6 address 10::1/64 on the interface of vlan 40, and then configure ipv6 route nd-to-route interface vlan 40 prefix-len 60
in the global configuration mode, the configuration fails.
If you configure the prefix-len of an unspecified network segment before configuring the IPv6 address of this interface,
syslog is displayed and the prefix-len configuration of unspecified network segment is canceled when one of the IPv6
addresses is longer than or equal to the prefix-len of the unspecified network segment. For example, first configure ipv6
route nd-to-route interface vlan 40 prefix-len 60 in the global configuration mode, and then configure address 10::1/64
on the interface of vlan 40, syslog alarm is displayed and the configuration ipv6 route nd -to-route interface vlan 40
prefix-len 60 is deleted.
If you configure the prefix-len of the specified network segment and then configure the IPv6 address of the
corresponding network segment, syslog is displayed and the prefix-len configuration of the specified network segment is
canceled when the IPv6 address mask of the corresponding network segment is longer than or equal to the prefix-len of
the specified network segment. For example, first configure ipv6 route nd-to-route interface vlan 40 ipv6-prefix 10::1/58
prefix-len 60 in the global configuration mode, and then configure the address 10::1/64 on the interface of vlan 40, the

www.fs.com

1324

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

syslog alarm is displayed and the configuration ipv6 route nd-to-route interface vlan 40 ipv6-prefix 10::1/58 prefix-len 60
is deleted.
If you configure the prefix-len of unspecified network segment and the prefix-len of the specified network segment, and
then configure the IPv6 address of the interface, please check whether the mask of each IPv6 address is longer than or
equal to the prefix-len of the specified/unspecified network segment. Syslog is displayed and the prefix-len configuration
of specified network segment is canceled when the mask of each IPv6 address is longer than or equal to the prefix-len of
the corresponding network segment. Syslog is displayed and the prefix-len configuration of unspecified network
segment is canceled when the mask of each IPv6 address is longer than or equal to the prefix-len of unspecified network
segment. For example, first configure ipv6 route nd-to-route interface vlan 40 prefix-len 62 and ipv6 route nd-to-route
interface vlan 40 ipv6-prefix 10::1/58 prefix-len 60, and then configure address 10::1/64 on the interface of vlan 40, the
syslog alarm is displayed and two configurations are deleted.



Configuring Delayed Redistribution of nd-to-route

Command

ipv6 route nd-to-route delay-time time-number

Parameter

time-number: time of the delayed redistribution of nd-to-route. The unit is second, the range is 1-1000, and the default

Description

value is 0

Defaults
Command

N/A
Global configuration mode

Mode
UsageGuide



This command is used to delay the redistribution of nd-to-route

Configuring Tag of nd-to-route

Command

ipv6 route nd-to-route tag tag-number

Parameter

time-number: tag attribute value of nd-to-route. The range is 1-4294967295, and the default value is 0.

Description
Defaults
Command

N/A
Global configuration mode

Mode
Usage Guide



Ignoring Warning Log of nd-to-route

Command

ipv6 route nd-to-route warning-ignore

Parameter

-

Description
Defaults
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Command

Global configuration mode

Mode
Usage Guide After you configure to ignore the warning of nd-to-route, the alarm that the same PORT ND generates the same network
segment route is ignored. If this command is not configured, the warning log that the same PORT ND generates the same
network segment route is printed (only once). The alarm that different ports generate the same network segment route is
not controlled by this command.



Enabling ndProxy

Command

local-proxy-nd enable

Parameter

-

Description
Defaults
Command

N/A
SVI interface mode

Mode
UsageGuide

When the device receives an ND request, it will send an ND response. The MAC address of the response is the local
Ethernet MAC address, so that the interconnection among different hosts is implemented by Layer 3 routing.



Configuring BGP Redistributed nd-route Route

Command

redistribute nd-route [ route-map map-tag ] [ metricmetric-value ]

Parameter

route-map map-tag: name of the associated route-map. There is no associated route-map by default. metric

Description

metric-value: configured the metric value of redistributed route by default, the range is 0-4294967295. There is no default
value.

Defaults
Command

N/A
BGP mode

Mode
UsageGuide

Configure BGP to redistribute nd-route route

Verification
Run the show ipv6 route ndroute command to display the generated host routes.
Configuration Example



Configuring nd-to-route
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Scenario
Figure 10- 16

Configuration
Steps
R1

Configure interface addresses on R1 and R2.
Enable nd-to-route conversion on the specified interface of R1 and R2, configure BGP and redistribute nd-route routes.
R1#configure terminal
R1(config)#interface vlan 40
R1(config-if-VLAN 40)#ipv6 address 10::1/64
R1(config-if-VLAN 40)# local-proxy-nd enable
R1(config-if-VLAN 40)#exit
R1(config)#interface gigabitEthernet 0/1
R1(config-if-GigabitEthernet 0/1)#switchport
R1(config-if-GigabitEthernet 0/1)#switchport mode trunk
R1(config-if-GigabitEthernet 0/1)#switchport trunk allowed vlan only 40
R1(config-if-GigabitEthernet 0/1)#exit
R1(config)#interface gigabitEthernet 0/2
R1(config-if-GigabitEthernet 0/2)# ipv6 address 11::1/64
R1(config-if-GigabitEthernet 0/2)# exit
R1(config)#router bgp 1
R1(config-router)#neighbor 11::2 remote-as 1
R1(config-router)#address-family ipv6
R1(onfig-router-af)#neighbor11::2 next-hop-self
R1(config-router-af)#redistribute nd-route
R1(config-router-af)#exit
R1(config-router)#exit
R1(config)#ipv6 route nd-to-route vlan 40
R1(config)#ipv6 route nd-to-route delay-time 1
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R2

R2#configure terminal
R2(config)#interface vlan 40
R2(config-if-VLAN 40)# ipv6 address 10::2/64
R2(config-if-VLAN 40)# local-proxy-nd enable
R2(config-if-VLAN 40)#exit
R2(config)#interface gigabitEthernet 0/1
R2(config-if-GigabitEthernet 0/1)# switchport
R2(config-if-GigabitEthernet 0/1)#switchport mode trunk
R2(config-if-GigabitEthernet 0/1)# switchport trunk allowed vlan only 40
R2(config-if-GigabitEthernet 0/1)#exit
R2(config)#interface gigabitEthernet 0/2
R2(config-if-GigabitEthernet 0/2)# ipv6 address 11::2/64
R2(config-if-GigabitEthernet 0/2)# exit
R2(config)#router bgp 1
R2(config-router)#neighbor 11::1 remote-as 1
R2(config-router)#address-family ipv6
R2(config-router-af)#neighbor 11::1 next-hop-self
R2(onfig-router-a)#redistributend-route
R2(onfig-router-af)#exit
R2(config-router)#exit
R2(config)# ipv6 route nd-to-route vlan 40
R2(config)# ipv6 route nd-to-route delay-time 1

Verification

Display the nd-route routes of R1 to check that PC1 can ping PC2.
R1(config)#show ipv6 route ndroute
N

1111::1/128 [1/0] via 1111::1,VLAN 40

R1#show ipv6 route
IPv6routing table name - Default - 18 entries
Codes: C - Connected, L - Local, S - Static
R - RIP,O - OSPF,B - BGP,I- IS-IS,V - Overflow route
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N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1-OSPFexternaltype1,E2-OSPFexternaltype2
SU-IS-ISsummary,L1-IS-IS level-1,L2-IS-ISlevel-2
IA - Inter area, N - Nd to host

C

10::/64 via VLAN 1, directly connected

L

10::1/128 via VLAN 1, local host

C

101::/64 via VLAN 101, directly connected

L

101::2/128 via VLAN 101, local host

C

102::/64 via VLAN 102, directly connected

L

102::2/128 via VLAN 102, local host

C

103::/64 via VLAN 103, directly connected

L

103::2/128 via VLAN 103, local host

N

1111::1/128 [1/0] via 1111::1,VLAN 40

B

1111::2/128[200/0]via 11::2,00:57:12

Common Error



The nd proxy function is not enabled on the specified interface.

10.5.8 Configuring an Aggregate Route

Configuration Effect



Generate an aggregate route in the routing table.

Notes



Cannot be configured on a L2 switch.

Configuration Steps



Configuring an Aggregate Route

Command

ip route aggregate [ vrf vrf_name ] network netmask Null 0 [ tag tag ]

Parameter

vrf vrf_name

Description

www.fs.com

(Optional) Route VRF which can be the single protocol IPv4 VRF or configured IPv4 address family
multi-protocol VRF. Global VRF by default.

network

Indicates the address of the destination network.

netmask

Indicates the mask of the destination network.
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Null 0

Not configure the next hop IP address and egress of the aggregate route

tag

(Optional) The tag of the aggregate route, 0 by default

Defaults

By default, no aggregate route is configured.

Command

Global configuration mode

Mode
Usage Guide

The command takes effect in OPENCONF YANG to record the configuration of aggregate routes.
The actual effect is like black hole route.

Verification



Run the show ip route command to display the host route.

Configuration Example



Configuring an Aggregate Route

Configuration

Add an aggregate route to the destination network of 1.1.1.0/24 whose TAG is 32.

Steps
FS(config)#ip route aggregate 1.1.1.0 255.255.255.0 Null 0 tag 32
Verification
R1

Run the show ip route command to display the aggregate route.
FS(config)# show ip route

Codes: C - Connected, L - Local, S - Static
R - RIP, O - OSPF, B - BGP, I - IS-IS, V - Overflow route
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
SU - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2
IA - Inter area, EV - BGP EVPN, A - Arp to host
LA - Local aggregate route
* - candidate default

Gatewayoflastresortisnoset
LA
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10.5.9 Configuring Real-time Statistic of Active Routes

Configuration Effect



Enable the real-time statistic of active routes

Notes



Cannot be configured on a L2 switch.

Configuration Steps



Configuring an Aggregate Route

Command

ip active-route real-time summary

Parameter

N/A

Description
Defaults

By default, the function is disabled.

Command

Global configuration mode

Mode
Usage Guide

The real-time statistic of active routes mainly applies to the scenario when GRPC periodic samples or gets active routes, or
run the show ip route summary command frequently, so as to reduce the statistic time of displaying active routes in
large volume.
It is not recommended to enable the function in normal scenario, especially with high demand of routing convergence.

Verification



Run the show run command to display the host route.

Configuration Example



Configuring Real-time Statistic of Active Routes

Configuration

Enable the real-time statistic of active routes

Steps
FS(config)#ip actiove-route real-time summary
Verification
R1

Run the show run command to display the aggregate route.
FS(config)# sh run | in active-route
ip actiove-route real-time summary

10.6 Monitoring
Displaying

www.fs.com
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Description

Command

Displays the IPv4 routing table.

show ip route

Displays the IPv6 routing table.

show ipv6route

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs IPv4 route management.

debug nsm kernel ucast- v4

Debugs IPv6 route management.

debug nsm kernel ucast-v6

Debugs fast reroute management.

debug nsm kernel frr

Debugs default network management.

debug nsm kernel default-network

Debugs internal events of route

debug nsm events

management.
Debugs sending of route management

debug nsm packet send

and routing protocol messages.
Debugs receiving of route management

debug nsm packet recv

and routing protocol messages.

11 Configuring VRF
11.1 Overview
A Virtual Private Network (VPN) Routing and Forwarding (VRF) table is used for the forwarding of VPN packets. Each VPN corresponds
to a VRF table.
A device that provides the VPN service has multiple routing tales, including a public network routing table and one or multipleVRF
tables.The public-network routing table is used for the forwarding of public network packets, and theVRF tables are used for the
forwardingofVPNpackets.TheseroutingtablesarecreatedtoseparateroutesinthepublicnetworkfromthoseinVPNsandseparate
routes in different VPNs.
A VPN is a private dedicated network built in the public network. "Virtual" means that the VPN is logically exclusive, instead of
physically exclusive.

11.2 Applications
Application

Description

Local Inter-VPN Access

Provide the VPN service on a routing device and enable VPNs to access each other.

VRF only on Provider Edges (PEs)

Provide the VPN service in an IP network and connect one Customer Edge (CE) to one VPN.

VRF on CEs and PEs

Provide the VPN service in an IP network and connect one CE to multiple VPNs.

CE: An edge device in a customer network
PE: An edge device in a Service Provider (SP) network
11.2.1 Local Inter-VPN Access

Scenario

www.fs.com
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Provide the VPN service on a routing device and enable VPNs to access each other.
In Figure 11-1, Sub a runs the Routing Information Protocol (RIP), Sub b runs the Open Shortest Path First (OSPF) protocol, and Servers
isanetworksegment directlyconnectedtoC.Provide theVPNserviceon CtoSuba,Sub b,and Servers,and enableSubaand Sub b
to accessServers.
Figure 11-1

Related Configuration



On C, create a VRF table for Sub a, bind the interface directly connected to A, and associate the VRF table with A by using RIP.



On C, create a VRF table for Sub b, bind the interface directly connected to B, and associate the VRF table with B by using OSPF.



On C, create a VRF table for Servers and bind the interface directly connected to Servers.



On C, configure the route targets (RTs) of the VRF tables for Suba, Subb, and Servers. Import the routes in the VRF tables for Sub
aand Sub b totheVRFtableforServers,and import theroutes intheVRF tableforServerstotheVRFtables forSub aand Subb.



Configure the Border Gateway Protocol (BGP) on C. Introduce the RIP routes to the VRF table for Sub a, introduce the OSPF
routes to the VRF table for Sub b, and introduce the direct routes to the VRF table for Servers.

11.2.2 VRFonlyonPEs

Scenario
An Internet Service Provider (ISP) provides the VPN service in an IP backbone network.
In Figure 11-2, VPN1 runs RIP, and VPN2 runs OSPF.


One CE is connected to one VPN, and all routes on the CE are exclusively used by the connected VPN. Therefore, no VRF table
needs to be created to separate the routes.



OneachPE,VRFtablesmustbecreatedtoseparatetheroutesinVPN1,thoseinVPN2,andthoseinthepublicnetworkfrom
each other.

Figure 11-2

Deployment
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On PE1, create a VRF table for VPN1 and bind the interface directly connected to CE1. On PE2, create a VRF table for VPN1 and
bind the interface directly connected to CE3.



On PE1, create a VRF table for VPN2 and bind the interface directly connected to CE2. On PE2, create a VRF table for VPN2 and
bind the interface directly connected to CE4.



On PE1, associate the VRF table for VPN1 with CE1 by using RIP.On PE2, associate theVRF table for VPN1 with CE3 by using RIP.



On PE1, associate the VRF table for VPN2 with CE2 by using OSPF.On PE2, associate the VRF table for VPN2 with CE4 by using
OSPF.



In the VRF instance for VPN1 on PE1, redistribute RIP routes to BGP,and redistribute BGP routes to RIP.The configuration on PE2
is similar.



In the VRF instance for VPN2 on PE1, redistribute OSPF routes to BGP,and redistribute BGP routes to OSPF.The configuration on
PE2 is similar.

11.2.3 VRFonCEsandPEs(MCEApplication)

Scenario
An ISP provides the VPN service in an IP backbone network.
In Figure 11-3, VPN a runs RIP, VPN b runs OSPF, and PE1 and PE2 are connected to BGP.


One Multi-VPN-Instance CE (MCE) is connected to multiple VPNs. VRF tables must be created to separate the routes in VPN a
from those in VPN b.



OneachPE,VRFtablesmustbe createdtoseparatetheroutesinVPNa,thoseinVPNb,and thoseinthepublicnetworkfrom
each other.

Figure 11-3

Deployment


One MCE1, create VRF tables for VPN a and VPN b respectively, bind the interfaces directly connected to VPN a and VPN b, and
bind the VLAN interface connected to PE1. The configuration on MCE2 is similar.



On PE1, create VRF tables for VPN a and VPN b respectively, and bind the VLAN interface connected to MCE1. The configuration
on PE2 is similar.



On MCE1, associate the VRF table for VPN a with VPN a by using RIP.The configuration on MCE2 is similar.



On MCE1, associate the VRF table for VPN b with VPN b by using OSPF.The configuration on MCE2 is similar.



In the VRF instance for VPN a on MCE1, redistribute RIP routes to BGP,and redistribute BGP routes to RIP.The configuration on
MCE2 is similar.



In the VRF instance for VPN b on MCE1, redistribute OSPF routes to BGP,and redistribute BGP routes to OSPF.The configuration
on MCE2 issimilar.
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11.3 Features
Overview
Feature

Description

VPN Instance

A VPN instance is used to provide the VPN service. It is typically represented by a VRF table.

VPN Route

A VPN route is used to forward VPN packets.

VPN Route Attribute

Route distinguisher (RD): Identifies the VPN to which a route belongs.
RT: Indicates the route trade-off mode of VRF.

Global VRF

Global default VPN instance

11.3.1 VPN Instance

A VPN instance is used to provide the VPN service. On a device that provides the VPN service, a VPN instance consists of the VRF table,
interfaces,routingprotocol processes,andconfiguration thatbelongtothesameVPN. AVPNinstanceistypicallyrepresentedbya
VRF table.
Working Principle
APEexchangesrouteswithaCEbyusingtherelatedroutingprotocolinthecorrespondingVPNinstance.AVRFtableisboundtoa
specific interface to generate its interface set. Packets received on these interfaces will be associated withthe VRF table and
forwarded along corresponding routes.
Related Configuration
Single-protocol VRF tables and multiprotocol VRF tables cannot be created at the same time. Single-protocol VRF tables only
support IPv4, whereas multiprotocol VRF tables support IPv4 and IPv6.



Configuring a Single-Protocol VRF Table

By default, a device has no VRF table.
Runtheipvrfcommandtocreateasingle-protocolVRFtable.
Run the ip vrf forwarding command to bind an interface.
Currently, single-protocol VRF tables only support IPv4.



Configuring a Multiprotocol VRF Table

By default, a device has no VRF table.
Run the vrf definition command to create a multiprotocol VRF table.
Run the address-family ipv4 command to enable the IPv4 address family.
Run the address-family ipv6 command to enable the IPv6 address family.
Run the vrf forwarding command to bind an interface.
Multiprotocol VRF tables support IPv4 and IPv6.
11.3.2 VPN Route

A VPN route is only used to forward VPN packets. It comes from:
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Direct route and host route on the bound interface



Direct route and host route on the configured import interface (not bound)



Static and dynamic routes (RIP, RIPng, OSPFv2, OSPFv3, ISIS, and BGP) in the configured VPN instance
For details about the static routes in a VPN instance, see "Configuration Guide > IP Route".
For details about RIP in a VPN instance, see "Configuration Guide > IP Route > RIP".
For details about RIPng in a VPN instance, see "Configuration Guide > IP Route > RIPng".
For details about OSPFv2 in a VPN instance, see "Configuration Guide > IP Route > OSPFv2".
For details about OSPFv3 in a VPN instance, see "Configuration Guide > IP Route > OSPFv3".
For details about ISISin aVPN instance, see "Configuration Guide > IPRoute > ISIS".
For details about BGP in a VPN instance, see "Configuration Guide > IP Route > BGP".

11.3.3 VPN Route Attribute

The BGP extended attributes include two attributes specific to VPN routes: RD and RT.
Working Principle



RD

Two routes with the same address but different RDs in two VRF tables can be advertised separately between PEs, because the routes
are sent together with their RDs through multiprotocol BGP (MP-BGP).



RT

RTinessenceindicates eachVRF table's routetrade-off and preferences. It ismainlyused tocontrol theadvertising and installation
policies forVPN routes. RT is divided into the import attribute and export attribute.The import attribute indicates the route of interest,
and the export attribute indicates the advertised route. A PE advertises a route to other PEs based on the RT export rule in the
corresponding VRF table. The peer PE checks all received routes against the RT import rule in each VRF table. If a route matches an RT
export rule (the export rule contains the import rule), it will be added to the corresponding VRF table.
Related Configuration



RD

By default, no RD is configured in VRF mode.
Run the rd command to configure an RD.



RTFS

By default, no RT is configured in VRF mode or address family mode.
Run the route-taet { import | export | both } command to configure an RT.
11.3.4 Global VRF

DefaultVPNinstance.
Working Principle
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Global VRF

Configure VPN routing and attributes in the default VPN configuration mode,
Related Configuration



Enter Global VRF Mode

By default, global VRF exists.
Run the vrf global-vrf command to enter the global VRF mode.

11.4 Configuration
Configuration

Description and Command
Single-protocol VRF tables and multiprotocol VRF tables cannot be created at the same time. If IPv6
is supported, configure a multiprotocolVRF table; otherwise, you can configure a single-protocol
VRF table or a multiprotocol VRF table. This configuration item creates a VRF table in an IPv4
network. IPv6 is not supported.
ip vrf vrf-name

Creates a VRF table.

Configuring a Single-Protocol

rd rd_value

Configures an RD.

VRF Table

route-target { import | export | both } rt_value

Configures an RT.
Binds an interfaceand adds thedirect route

ip vrf forwarding vrf-name

and host route on the interface to a VRF
table.
Adds the direct route and host route on an

ip vrf receive vrf_name

interface to a VRF table without binding the
interface.

Single-protocol VRF tables and multiprotocol VRF tables cannot be created at the same time. If IPv6
is supported, configure amultiprotocolVRF table. otherwise, you can configure asingle-protocol
VRF table or a multiprotocol VRF table. This configuration item creates a VRF table in an IPv4 or IPv6
network.

Configuring a Multiprotocol VRF
Table

vrf definition vrf-name

Creates a VRF table.

description string

Configures a VRF descriptor.

rd rd_value

Configures an RD.

route-target { import | export | both } rt_value

Configures an RT.

address-family ipv4

Enables the IPv4 address family.

address-family ipv6

Enables the IPv6 address family.
Binds an interface and adds the direct route

vrf forwarding vrf-name

and host route on the interfaceto aVRF
table.
Adds the direct route and host route on an

vrf receive vrf-name

interface to a VRF table without binding the
interface.
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11.4.1 Configuring a Single-Protocol VRF Table

Configuration Effect



Provide the VPN service on a device.



With BGP assistance, flexibly control the separation and access between VPNs.



With BGP assistance, provide the VPN service in an IP backbone network.



Only IPv4 is supported.

Notes



No VRF table needs to be created if the device only forwards packets from one VPN or from the public network.



If the device needs to forward public network packets and VPN packets or forward packets from multiple VPNs, VRF tables must
be created to separate routes.



In many cases, static or dynamic routes (RIP, OSPF, ISIS, and BGP) need to be added to VRF tables.

Configuration Steps



Creating a VRF Table



Mandatory.



Create a VRF table for each VPN.



Configuring an RD



Optional.



When routing information needs to be advertised through BGP in thebackbone network, BGP may select the best route for
advertising if overlapping network addresses exist in different VPNs, which will make some VPNs fail to obtain corresponding
routinginformation.Tosolvethisproblem, youcanconfigureRDsforroutestoenableBGPtomakeroutingdecisionsbasedon
these RDs, thus ensuring that each VPN can obtain corresponding routing information.



Run the rd command in single-protocol VRF mode.



Configuring an RT



Optional.



You can run the route-target export command to specify the attributes of the route to be advertised, and run the
route-target import command to specify the attributes of the route to be received. You can also run the route-target both
command to specify the export and import attributes.



Run the route-target command in single-protocol VRF mode.



Binding an Interface and Adding the Direct Route and Host Route on the Interface to a VRF Table



Mandatory.



IfthephysicallinkfortransmittingVPNpacketsisexclusivelyoccupiedbyaVPN,bind thephysical interfacetothe
corresponding VRFtable.
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Ifthe physical linkfortransmittingVPNpacketsis sharedby multipleVPNs, you needtocreatean independent logicallinkfor
eachVPN, and bind thelogical interfacetothecorrespondingVRFtable. Alogical interfacecanbe asubinterfaceor aVLAN
interface.



Youmust bind an interface to the corresponding single-protocol VRF table before you configure the IPv4 address of the
interface.IfyoubindtheinterfaceafteritsIPv4addressisconfigured,theIPv4addresswillbeinvalid (theIPv6addressof the
interface is retained).



Ifyou bindan interfacetothecorresponding single-protocolVRF tableand enable IPv6 on theinterface,the devicecannot
forward the IPv6 packets received on the interface.



Adding the Direct Route and Host Route on an Interface to a VRF Table Without Binding the Interface



Optional.



Ifpolicy-basedrouting(PBR)isrequiredforVRFtableselection,runtheipvrfreceivecommandontheinterfacetowhichPBRis
applied, and import the direct route and host route on the interface to each VRF table available for choice.

Verification


Check whether VRF tables are created correctly on the router.

Related Commands



Creating a VRF Table

Command

ip vrf vrf-name

Parameter

vrf-name: Indicates the name of the VRF table to be created. It cannot exceed 31 characters.

Description
Command

Global configuration mode

Mode
Usage Guide



After you run the command, the system will enter VRF mode.

Configuring an RD

Command

rd rd_value

Parameter

rd_value has the following three different parameter forms:

Description

(1) rd_value = as_num: nn
as_numindicatesthe2-bytenumberthatidentifiesapublicautonomoussystem(AS).nnisconfigurable intherange
0..4294967295.
(2) rd_value = ip_addr:nn
ip_addr must be a global IP address. nn is configurable in the range 0..65535.
(3) rd_value = as4_num: nn
as4_num indicates the 4-byte number that identifies a public AS. nn is configurable in the range 1..65535.

Command

VRF configuration mode

Mode
Usage Guide

Youcannot directlychange theRDof anexistingVRFtable.Youneedtodelete theVRFtablefirstandthen configurea
new RD.
A VRF table has only one RD. You cannot configure multiple RDs for one VRF table.



Configuring an RT
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Command

route-target { import | export | both } rt_value

Parameter

rt_value has the following three different parameter forms:

Description

(1) rt_value = as_num:nn
as_num indicates the 2-byte number that identifies a public AS. nn is configurable in the range 0..4294967295.
(2) rt_value = ip_addr:nn
ip_addr must be a global IP address. nn is configurable in the range 0..65535.
(3) rt_value = as4_num: nn
as4_num indicates the 4-byte number that identifies a public AS. nn is configurable in the range 1..65535.

Command

VRF configuration mode

Mode
Usage Guide



A VRF table can be configured with multiple import and export RT attributes.

Binding an Interface

Command

ip vrf forwarding vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command

Interface configuration mode

Mode
Usage Guide

By default, an interface does not belong to any VRF table.
After an interface is bound to the corresponding VRF table, the direct route and host route on the interface will be
automatically added to the VRF table.
Youmust bind an interfaceto thecorresponding single-protocolVRF table before you configure the IPv4address of the
interface.IfyoubindtheinterfaceafteritsIPv4addressisconfigured,theIPv4addresswillbeinvalid(theIPv6addressof
the interface is retained).



Adding the Direct Route and Host Route on an Interface to a VRF Table Without Binding the Interface

Command

ip vrf receive vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command

Interface configuration mode

Mode
Usage Guide

This command is used to add the host route and direct route on an interface to a VRF table. If you need to add the host
route and direct route on an interface to multiple VRF tables, run the command multiple times.
Different from the ip vrf forwarding command, the ip vrf receive command does not bind an interface to the
corresponding VRF table. The interface is still a global interface and does not belong to any VRF table.
The ip vrf forwarding and ip vrf receive commands are mutually exclusive on the same interface.



Displaying the VRF Information on a Device

Command

show ip vrf [ brief | detail | interfaces ] [ vrf-name ]

Parameter

brief: Displays brief information.

Description

detail: Displays detailed information.
interfaces: Displays the interface binding information.
vrf-name: Indicates the name of a VRF table.

Command
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Mode
Usage Guide

This command is used to display the information of a specified VRF table to check whether the VRF table is bound with
the correct interface.



Displaying the Routes in a VRF Table

Command

show ip route vrf vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

This command is used to check whether a specified VRF table contains corresponding routes.

Configuration Example



Local Inter-VPN Access

Scenario
Figure 11-4

Sub a, Sub b, and Servers are three VPNs that have separate address spaces.
Sub a runs RIP, Sub b runs OSPF, and Servers is a network segment directly connected to C.
Configuration

Routes in Sub a are separated from those in Sub b, but both Sub a and Sub b can access Servers.

Requirements
Configuration



OnC, createaVRFtablefor Suba, bind theinterfacedirectlyconnectedtoA, and associatetheVRFtablewithAby
using RIP.

Steps


OnC,createaVRFtableforSub b,bindtheinterfacedirectlyconnectedtoB,and associatetheVRFtablewithBby
using OSPF.



On C, create a VRF table for Servers and bind the interface directly connected to Servers.



OnC,configuretheRTsoftheVRFtablesforSuba,Subb,andServers.ImporttheroutesintheVRFtablesforSuba
andSub btotheVRFtableforServers,andimport theroutesintheVRFtable forServerstotheVRFtablesfor Sub a
and Sub b.



ConfiguretheBorderGatewayProtocol(BGP)onC.IntroducetheRIProutestotheVRFtableforSuba,introduce
theOSPF routes totheVRF tableforSub b(enabledwithan addressfamily), and introducethedirect routes tothe
VRF table for Servers (enabled with an address family).
Planning of interfaces and addresses:
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Interface Description

Interface Name

IP Address/Mask

VRF Table

Interface on C connected to A

GE0/1

10.10.1.1/24

VRF table for Sub a

Interface on C connected to B

GE0/2

10.10.2.1/24

VRF table for Sub b

Interface on C connected to Servers

GE0/3

10.10.3.1/24

VRF table for Servers

Interface on A connected to C

GE0/1

10.10.1.2/24

-
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Interface on B connected to C
A

GE0/2

10.10.2.2/24

-

A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#no switchport port
A(config-if-GigabitEthernet 0/1)#ip address 10.10.1.2 255.255.255.0
A(config-if-GigabitEthernet 0/1)#exit
A(config)#router rip
A(config-router)#version 2
A(config-router)#no auto-summary
A(config-router)#network 10.10.1.0 0.0.0.255

B

B(config)#interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)#no switchport port
B(config-if-GigabitEthernet 0/2)#ip address 10.10.2.2 255.255.255.0
B(config-if-GigabitEthernet 0/2)#exit
B(config)#router ospf 1
B(config-router)#network 10.10.2.0 0.0.0.255 area 0

C

C(config)# ip vrf Suba
C(config-vrf)# rd100:1
C(config-vrf)# route-target import 100:3
C(config-vrf)# route-target export 100:1
C(config-vrf)# exit
C(config)#interface GigabitEthernet 0/1
C(config-GigabitEthernet 0/1)#ip vrf forwarding Suba
C(config-GigabitEthernet 0/1)#ip address 10.10.1.1 255.255.255.0
C(config-GigabitEthernet 0/1)# exit
C(config)#router rip
C(config-router)#address-family ipv4 vrf Suba
C(config-router-af)# version 2
C(config-router-af)# no auto-summary
C(config-router-af)#network 10.10.1.0 0.0.0.255
C(config-router-af)#exit
C(config)# ip vrf Subb
C(config-vrf)# rd 100:2
C(config-vrf)# route-target import 100:3
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C(config-vrf)# route-target export 100:2
C(config-vrf)# exit
C(config)#interface gigabitEthernet 0/2
C(config-GigabitEthernet 0/2)#ip vrf forwarding Subb
C(config-GigabitEthernet 0/2)# ip address 10.10.2.1 255.255.255.0
C(config-GigabitEthernet 0/2)# exit
C(config)# router ospf 2 vrf Subb
C(config-router)# network 10.10.2.0 0.0.0.255 area 0
C(config-router)# exit
C(config)# ip vrf Servers
C(config-vrf)#rd100:3
C(config-vrf)# route-target import 100:1
C(config-vrf)# route-target import 100:2
C(config-vrf)# route-target export 100:3
C(config-vrf)# exit
C(config)# interface gigabitEthernet 0/3
C(config-GigabitEthernet 0/3)# ip vrf forwarding Servers
C(config-GigabitEthernet 0/3)# ip address 10.10.3.1 255.255.255.0
C(config-GigabitEthernet 0/3)# exit
C(config)# router bgp 200
C(config-router)# address-family ipv4 vrf vpna
C(config-router-af)# redistribute rip
C(config-router-af)# exit
C(config-router)# address-family ipv4 vrf vpnb
C(config-router-af)# redistribute ospf 1
C(config-router-af)# exit
C(config-router)# address-family ipv4 vrf Servers
C(config-router-af)# redistribute connected subnets
C(config-router-af)# exit

Verification



Run the show ip vrf interface command on C to check the interface binding information.



Runtheshow iproutevrf command on C tocheckwhether twoVRFtables arecreatedto separatetheroutes in
Sub a from those in Sub b and whether both VRF tables contain the routes in Servers.

C
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Interface

IP-Address

VRF

Protocol

GigabitEthernet 0/1

10.10.1.1

Suba

up

GigabitEthernet 0/2

10.10.2.1

Subb

up

GigabitEthernet 0/3

10.10.3.1

Servers

up

C# show ip route vrf Subb
Routing Table: Subb

Codes: C - connected, S - static, R - RIP,B - BGP
O - OSPF,IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i-IS-IS,su -IS-IS summary,L1-IS-IS level-1,L2-IS-IS level-2
ia - IS-IS inter area, * - candidate default

Gateway of last resort is no set
O

10.2.0.0/16 [20/0] via 0.0.0.0, 00:10:46, GigabitEthernet 0/2

O

10.10.2.0/24 [20/0] via 0.0.0.0, 00:10:46, GigabitEthernet 0/2

C

10.10.2.1/32 is local host.

C

10.10.3.0/24 is directly connected, GigabitEthernet 0/3

C

10.10.3.1/32 islocal host.

Common Errors



An interface is bound to a VRF table after the IP interface of the interface is configured.



WhenaphysicallinkisusedtoforwardpacketsfrommultipleVPNs,thecorrespondingphysicalinterfaceisboundtoaVRF
table.



VPN routes are not introduced to BGP.

11.4.2 Configuring a Multiprotocol VRF Table

Configuration Effect



Provide the VPN service on a device.



With BGP assistance, flexibly control the separation and access between VPNs.



With BGP assistance, provide the VPN service in an IP backbone network.



Support IPv4 and IPv6 through address family configuration.

Notes



No VRF table needs to be created if the device only forwards packets from one VPN or from the public network.
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If the device needs to forward public network packets and VPN packets or forward packets from multiple VPNs, VRF tables must
be created to separate routes.



In many cases, static or dynamic routes (RIP, OSPF, ISIS, and BGP) need to be added to VRF tables.

Configuration Steps



Creating a VRF Table



Mandatory.



Create a VRF table for each VPN.



Configuring an Address Family



Mandatory.



Enable the corresponding address family for each created VRF table.



Configuring an RD



Optional.



When routing information needs to be advertised through BGP in thebackbone network, BGP may select the best route for
advertising if overlapping network addresses exist in different VPNs, which will make some VPNs fail to obtain corresponding
routinginformation.Tosolvethisproblem, youcanconfigureRDsforroutestoenableBGPtomakeroutingdecisionsbasedon
these RDs, thus ensuring that each VPN can obtain corresponding routing information.



Configuring an RT



Optional.



You can run the route-target export command to specify the attributes of the route to be advertised, and run the
route-target import command to specify the attributes of the route to be received. You can also run the route-target both
command to specify the export and import attributes.



Run the route-target command in multiprotocol VRF mode or multiprotocol VRF address family mode.



Binding an Interface and Adding the Direct Route and Host Route on the Interface to a VRF Table



Mandatory.



IfthephysicallinkfortransmittingVPNpacketsisexclusivelyoccupiedbyaVPN,bind thephysical interfacetothe
corresponding VRFtable.



Ifthe physical linkfortransmittingVPNpacketsis sharedby multipleVPNs, you needtocreatean independent logicallinkfor
eachVPN, and bind thelogical interfacetothecorrespondingVRFtable. Alogical interfacecanbe asubinterfaceor aVLAN
interface.



Beforeyou bind an interfacetoa multiprotocolVRF table, enable an address family for the table. If you do not enable the IPv4
address family in advance, you cannot configure the IPv4 address and VRRP IPv4 address of the bound interface. If you do not
enable the IPv6 address family in advance, you cannot configure the IPv6 address and VRRP IPv6 address of the bound interface.



Youmust bindan interfacetothe corresponding multiprotocolVRF tablebefore you configure the IPv4or IPv6 addressof the
interface. If you bind the interface after its IPv4 or IPv6 address is configured, the address will be invalid.



Adding the Direct Route and Host Route on an Interface to a VRF Table Without Binding the Interface
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Optional.



IfPBR isrequired forVRFtableselection,runtheipvrfreceive command ontheinterfacetowhichPBR isapplied, and import
the direct route and host route on the interface to each VRF table available for choice.

Verification


Check whether multiprotocol VRF tables are created correctly on the router and corresponding address families are enabled.

Related Commands



Creating a VRF Table

Command

vrf definition vrf-name

Parameter

vrf-name: Indicates the name of the VRF table to be created. It cannot exceed 31 characters.

Description
Command

Global configuration mode

Mode
Usage Guide



After you run the command, the system will enter VRF mode.

Enabling the IPv4 Address Family

Command

address-family ipv4

Parameter

N/A

Description
Command

VRF mode

Mode
Usage Guide



After you run the command, the system will enter VRF IPv4 address family submode.

Enabling the IPv6 Address Family

Command

address-family ipv6

Parameter

N/A

Description
Command

VRF mode

Mode
Usage Guide



After you run the command, the system will enter VRF IPv6 address family submode.

Configuring an RD

Command

rd rd_value

Parameter

rd_value has the following three different parameter forms:

Description

(1) rd_value = as_num: nn
as_num indicates the 2-byte number that identifies a public AS. nn is configurable in the range 0..4294967295.
(2) rd_value = ip_addr:nn
ip_addr must be a global IP address. nn is configurable in the range 0..65535.
(3) rd_value = as4_num: nn
as4_num indicates the 4-byte number that identifies a public AS. nn is configurable in the range 1..65535.

Command

VRF configuration mode

Mode
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Usage Guide

Youcannot directlychange theRDof anexistingVRFtable.Youneedtodelete theVRFtablefirstandthen configurea
new RD.
A VRF table has only one RD. You cannot configure multiple RDs for one VRF table.



Configuring an RT

Command

route-target { import | export | both } rt_value

Parameter

rt_value has the following three different parameter forms:

Description

(1) rt_value = as_num:nn
as_num indicates the 2-byte number that identifies a public AS. nn is configurable in the range 0..4294967295.
(2) rt_value = ip_addr: nn
ip_addr must be a global IP address. nn is configurable in the range 0..65535.
(3) rt_value = as4_num: nn
as4_num indicates the 4-byte number that identifies a public AS. nn is configurable in the range 1..65535.

Command

VRF configuration mode or VRF address family submode

Mode
Usage Guide



One VRF table can be configured with multiple import and export RT attributes.

Binding an Interface

Command

vrf forwarding vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command

Interface configuration mode

Mode
Usage Guide

By default, an interface does not belong to any VRF table.
After an interface is bound to the corresponding VRF table, the direct route and host route on the interface will be
automatically added to the VRF table.
Before you bind an interfaceto a multiprotocolVRF table, enable an address family for the table. If you do not enable the
IPv4 address family in advance, you cannot configure the IPv4 address and VRRP IPv4 address of the bound interface. If
youdonotenabletheIPv6addressfamilyinadvance,youcannotconfiguretheIPv6addressandVRRPIPv6addressof
the bound interface.
You must bind an interface to a multiprotocol VRF table before you configure the IPv4, IPv6, VRRP IPv4, and VRRP IPv6
addresses of the interface; otherwise, these addresses will be invalid and the IPv6 protocol on the interface will be
disabled.
If the IPv4 address family is deleted from the multiprotocol VRF table, the IPv4 and VRRP IPv4 addresses of all interfaces
bound totheVRF table willbe deleted, and theIPv4 static routes intheVRF table or next-hop routes are alsodeleted. If
the IPv6 address family is deleted from the multiprotocol VRF table, the IPv6 and VRRP IPv6 addresses of all interfaces
bound to the VRF table will be deleted, the IPv6 protocol on the interfaces will be disabled, and the IPv6 static routes in
the VRF table or next-hop routes are also deleted.



Adding the Direct Route and Host Route on an Interface to a VRF Table Without Binding the Interface

Command

vrf receive vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command
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Mode
Usage Guide

This command is used to add the host route and direct route on an interface to a VRF table. If you need to add the host
route and direct route on an interface to multiple VRF tables, run the command multiple times.
Different from the vrf forwarding command, the vrf receive command does not bind an interface to the corresponding
VRF table. The interface is still a global interface and does not belong to any VRF table.
The vrf forwarding and vrf receive commands are mutually exclusive on the same interface.



Displaying the VRF Information on a Device

Command

show vrf [ brief | detail | ipv4 | ipv6] [ vrf-name ]

Parameter

brief: Displays brief information.

Description

detail: Displays detailed information.
ipv4: Displays the brief information of an IPv4 VRF table.
Ipv6: Displays the brief information of an IPv6 VRF table.
vrf-name: Indicates the name of a VRF table.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide

This command is used to display the information of a specified VRF table to check whether the VRF table is bound with
the correct interface.



Displaying the Routes in a VRF Table

Command

show ip route vrf vrf-name

Parameter

vrf-name: Indicates the name of a VRF table.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

This command is used to check whether a specified VRF table contains corresponding routes.

Configuration Example
The following example only describes VRF-related configuration on A1, B1, MCE1, and PE1. The configuration on A2, B2, MCE2,
and PE2 is similar.



VRF on CEs and PEs (MCE Application)

Scenario
Figure 11-5

VPN a and VPN b have independent address spaces.
VPN a runs RIP and VPN b runs OSPF.
Configuration

TheroutesinVPNaareseparatedfromthoseinVPNb.A1andA2canaccesseachother,andB1andB2canaccesseach

Requirements

other.
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Configuration



Connect MCE1 and A1 through RIP.Extend RIP routes on A1. On MCE1, create a VRF table for VPN a, bind the
directly connected interface, and configure RIP routes.

Steps



Connect MCE1 and B1 through OSPF.Extend OSPF routes on B1. On MCE1, create a VRF table for VPN b, bind the
directly connected interface, and configure OSPF routes.



Connect MCE1 and PE1 through BGP.On MCE1 and PE1, create a VRF table for each VPN, bind the VLAN interface,
and configure BGProutes.



Configure the physical link between MCE1 and PE1 in Trunk mode.



IntheVRFinstanceforVPNaonMCE1, redistributetheRIProutestoBGP,and redistributetheBGProutestoRIP.



In the VRF instance for VPN b on MCE1, redistribute the OSPF routes to BGP,and redistribute the BGP routes to
OSPF.
Planning of interfaces and addresses:

Interface Description
Physical interface on A1 connected to
MCE1
Physical interface on B1 connected to
MCE1
Physical interface on MCE1 connected
to A1
Physical interface on MCE1 connected
to B1
Logicalinterface on MCE1 connected
to PE1
Logicalinterface on MCE1 connected
to PE1
Logical interface on PE1 connected to
MCE1
Logical interface on PE1 connected to
MCE1
A1

Interface Name

IP Address/Mask

VRF Table

GE0/1

10.10.1.2/24

-

GE0/2

10.10.2.2/24

-

GE0/1

10.10.1.1/24

VRF table for VPN a

GE0/2

10.10.2.1/24

VRF table for VPN b

VLAN10

10.10.10.1/24

VRF table for VPN a

VLAN20

10.10.20.1/24

VRF table for VPN b

VLAN10

10.10.10.2/24

VRF table for VPN a

VLAN20

10.10.20.2/24

VRF table for VPN b

A1(config)#interface GigabitEthernet 0/1
A1(config-if-GigabitEthernet 0/1)#no switchport port
A1(config-if-GigabitEthernet 0/1)#ip address 10.10.1.2 255.255.255.0
A1(config-if-GigabitEthernet 0/1)#exit
A1(config)#router rip
A1(config-router)#version 2
A1(config-router)#no auto-summary
A1(config-router)#network 10.10.1.0 0.0.0.255

B1

B1(config)#interface GigabitEthernet 0/2
B1(config-if-GigabitEthernet 0/1)#no switchport port
B1(config-if-GigabitEthernet 0/1)#ip address 10.10.2.2 255.255.255.0
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B1(config-if-GigabitEthernet 0/1)#exit
B1(config)#router ospf 1
B1(config-router)#network 10.10.2.0 0.0.0.255 area 0
MCE1

#Create a VRF table for VPN a and a VRF table VPN b, and enable the IPv4 address family.
MCE1(config)#vrf definition vpna
MCE1(config-vrf)#address-family ipv4
MCE1(config-vrf-af)#exit
MCE1(config-vrf)#exit
MCE1(config)#vrf definition vpnb
MCE1(config-vrf)#address-family ipv4
MCE1(config-vrf-af)#exit
MCE1(config-vrf)#exit
#Bind interfaces to the VRF tables.

MCE1(config)#interface GigabitEthernet 0/1
MCE1(config-if-GigabitEthernet 0/1)#no switchport port
MCE1(config-if-GigabitEthernet 0/1)#vrf forwarding vpna
MCE1(config-if-GigabitEthernet 0/1)#ip address 10.10.1.1 255.255.255.0
MCE1(config-if-GigabitEthernet 0/1)#exit
MCE1(config)#interface GigabitEthernet 0/2
MCE1(config-if-GigabitEthernet 0/2)#no switchport port
MCE1(config-if-GigabitEthernet 0/2)#vrf forwarding vpnb
MCE1(config-if-GigabitEthernet 0/2)#ip address 10.10.2.1 255.255.255.0
MCE1(config-if-GigabitEthernet 0/2)#exit
MCE1(config)#interface vlan 10
MCE1(config-if-VLAN 10)#vrf forwarding vpna
MCE1(config-if-VLAN 10)#ip address 10.10.10.1 255.255.255.0
MCE1(config-if-VLAN 10)#exit
MCE1(config)#interface vlan 20
MCE1(config-if-VLAN 20)#vrf forwarding vpnb
MCE1(config-if-VLAN 20)#ip address 10.10.20.1 255.255.255.0
MCE1(config-if-VLAN 20)#exit
#Configure the interface connected to PE1 in Trunk mode.
MCE1(config)#interface GigabitEthernet 0/3
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MCE1(config-if-GigabitEthernet 0/3)#switchport mode trunk
MCE1(config-if-GigabitEthernet 0/3)#exit
#Configure RIP and BGP routes in the VRF table for VPN a, and introduce routes in the two VRF tables to each other.
MCE1(config)#router rip
MCE1(config-router)#address-family ipv4 vrf vpna
MCE1(config-router-af)# version 2
MCE1(config-router-af)# no auto-summary
MCE1(config-router-af)#network 10.10.1.0 0.0.0.255
MCE1(config-router-af)#redistribute bgp subnets
MCE1(config-router-af)#exit
MCE1(config)# router bgp 100
MCE1(config-router)#address-family ipv4 vrf vpna
MCE1(config-router-af)#neighbor 10.10.10.2 remote-as 200
MCE1(config-router-af)#redistribute rip
MCE1(config-router-af)#exit
#Configure OSPF and BGP routes in the VRF table for VPN b, and introduce routes in the two VRF tables to each other.
MCE1(config)#router ospf 1 vrf vpnb
MCE1(config-router)#network 10.10.2.0 0.0.0.255 area 0
MCE1(config-router)#redistribute bgp subnets
MCE1(config-router)#exit
MCE1(config)# router bgp 100
MCE1(config-router)#address-family ipv4 vrf vpnb
MCE1(config-router-af)#neighbor 10.10.20.2 remote-as 200
MCE1(config-router-af)#redistribute ospf 1
MCE1(config-router-af)#exit

PE1

#Create a VRF table for VPN a and a VRF table VPN b, and enable the IPv4 address family.
PE1(config)#vrf definition vpna
PE1(config-vrf)#address-family ipv4
PE1(config-vrf-af)#exit
PE1(config-vrf)#exit
PE1(config)#vrf definition vpnb
PE1(config-vrf)#address-family ipv4
PE1(config-vrf-af)#exit
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PE1(config-vrf)#exit
#Bind interfaces to the VRF tables.
PE1(config)#vlan 10
PE1(config-vlan)#exit
PE1(config)#vlan 20
PE1(config-vlan)#exit
PE1(config)#interface vlan 10
PE1(config-if-VLAN 10)#vrf forwarding vpna
PE1(config-if-VLAN 10)#ip address 10.10.10.2 255.255.255.0
PE1(config-if-VLAN 10)#exit
PE1(config)#interface vlan 20
PE1(config-if-VLAN 20)#vrf forwarding vpnb
PE1(config-if-VLAN 20)#ip address 10.10.20.2 255.255.255.0
PE1(config-if-VLAN 20)#exit
#Configure the interface on PE1 connected to MCE1 in Trunk mode.
PE1(config)#interface GigabitEthernet 0/3
PE1(config-if-GigabitEthernet 0/3)#switchport mode trunk
PE1(config-if-GigabitEthernet 0/3)#exit
#Configure BGP routes in the VRF table for VPN a.
PE1(config)# router bgp 200
PE1(config-router)#address-family ipv4 vrf vpna
PE1(config-router-af)#neighbor 10.10.10.1 remote-as 100
PE1(config-router-af)#exit
#Configure BGP routes in the VRF table for VPN b.
PE1(config)# router bgp 200
PE1(config-router)#address-family ipv4 vrf vpnb
PE1(config-router-af)#neighbor 10.10.20.1 remote-as 100
PE1(config-router-af)#exit
Verification



OnA1, runtheshow iproute commandtodisplay theroutes inVPN a.



OnB2, runtheshow iproute commandtodisplay theroutes inVPN b.



On MCE1, run the showip route vrf vpna command todisplay the routes inVPN a, and run the show ip routevrf
vpnb command to display the routes in VPN b.



On PE1, run the show ip route vrf vpna command to display the routes in VPN a, and run the show ip route vrf
vpnb command to display the routes in VPN b.

-
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Common Errors



A multiprotocol VRF table is configured, but no address family is enabled.



An interface is bound to a VRF table after the IP interface of the interface is configured.



WhenaphysicallinkisusedtoforwardpacketsfrommultipleVPNs,thecorrespondingphysicalinterfaceisboundtoaVRF
table.



VPN routes are not introduced to BGP.

11.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears theroutes in aspecifiedVRF table.

clear ip route vrf vrf-name

Displaying
Description

Command

Displays the information of a

show ip vrf [ brief | detail | interfaces ] [ vrf-name ]

single-protocol VRF table.
Displays the information of a

show vrf [ ipv4 | ipv6 | brief | detail ] [ vrf-name ]

multiprotocol VRF table.
Displays the global VRF information.

show global-vrf [ ipv4 | ipv6 | brief | detail ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Displays the debugging information

debug vrf

during the processes where a VRF table is
created, an address family is enabled, and
an interface is bound to the VRF table.
Prints the information of interface-related debug vrf interface
VRF operation debugging.

12 Configuring L3MAC
12.1 Overview
A layer-3 MAC address for forwarding can be configured for a device so that packets whose destination MAC addresses match the
configured layer-3 MAC address are forwarded at layer 3. In data center scenarios, this MAC address can be configured in static ARP
entries of neighbors so that routing can be triggered on any neighbor device.
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12.2 Applications
Application

Description

Data Center Scenario

Layer-3 routing can be triggered on any neighbor without perceiving the layer-3 MAC
address of the device.

12.2.1 Data Center Scenario

Scenario
A data center adopting the topology shown in the figure below is used as an example:



A global layer-3 MAC address is configured on SW2 and SW3.



A static ARP entry is configured on SW1.



The MAC address inthe staticARP entry configured onSW1isthe global layer-3 MACaddress of itsneighbors, that is, SW2and
SW3.

Figure 1-1

Deployment



Packets from SW1 can be routed at layer 3 through its neighbors: SW2 and SW3.

12.3 Configuration
Configuration

Description and Command
Mandatory.

Adding a Layer-3 MAC Address

l3intf-mac-add

Adds a layer-3 MAC address.

12.3.1 Adding a Layer-3 MAC Address

Configuration Effect



Add a global layer-3 MAC address so that layer-3 routing can be triggered when packets matching this layer-3 MAC addressare
received.

Notes



Up to two layer-3 MAC addresses can be added.
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Configuration Steps



Adding a Layer-3 MAC Address

Command

l3intf-mac-add mac

Parameter

mac: Indicates the layer-3 MAC address.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Deleting a Layer-3 MAC Address

Command

no l3intf-mac-add mac

Parameter

mac: Indicates the layer-3 MAC address.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Verification
1. Run the show run command to check whether the current configuration is correct.
2. Run the show l3intf-mac-add command to check whether the current configuration is correct.
Configuration Example



Adding a Layer-3 MAC Address

Scenario
Figure 1-2

Configuration

Configure a static ARP entry on SW1, and a global layer-3 MAC address on SW2 and SW3.

Steps
SW2

SW2FS# configure terminal
SW2#(FS(config)#l3intf-mac-add 0000.0001.2233

SW3

SW3FS# configure terminal
SW3#(FS(config)#l3intf-mac-add 0000.0001.2233

SW1
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SW1FS(config)# arp 192.168.22.20 0000.0001.2233 arpa
Verification

1.

Run the show l3intf-mac-add command to display the global MAC address configured on SW2 and SW3.

2.

Pump traffic and verify that packets from SW1 are routed at layer 3 regardless of whether the next hop of SW1is
SW2 or SW3.

SW2

SW2(config)#FS#show l3intf-mac-add
l3intf mac address:
0000.0001.2235

SW3

SW3(config)#FS#show l3intf-mac-add
l3intf mac address:
0000.0001.2235

12.4 Monitoring
Displaying
Description

Command

Displays the configured global layer-3 MAC address of the show l3intf-mac-add
device.

13 Configuring Hardware Capacity Query
13.1 Overview
The FSOS provides the function of querying the hardware capacity and usage of the route forward information database (FIB).
Protocols and Standards
N/A

13.2 Features
Basic Concepts
Routehardware resources areclassified intoIPv4 and IPv6route resourcesby protocol, and are classified intohost and networkroute
resources by route prefix.
Route resource allocation varies with the chip hardware type.


N5860 series, N8560 series and NC8200 series
Products of these series use XGS chips. Their route hardware resources consist of the L3_ENTRY, L3_DEFIP, L3_DEFIP_128, and
ALPM tables. The L3_ENTRY table can store IPv4/IPv6 host routes. The L3_DEFIP table can store IPv4 and IPv6_64 routes. The
L3_DEFIP_128 table can store IPv6 routes with a mask of 65 to 128 bits. The ALPM table can store IPv4/IPv6 routes. IPv4 and IPv6
routes occupy different quantities of hardware entries, and can be converted in the following ways:
Calculation rules for the L3_ENTRY table:
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One IPV4_HOSTFULL route occupies two L3_ENTRY entries.



One IPV6_HOST route occupies two L3_ENTRY entries.



One IPV6_HOSTFULL route occupies four L3_ENTRY entries.

Calculation rules for the L3_DEFIP table: (If ALPM is enabled, conversion is not required and the L3_DEFIP entry usage is not
displayed.)



Two IPv4 routes occupy one L3_DEFIP entry. (If there is only one IPv4 route, the IPv4 route also occupies one L3_DEFIP
entry.)



One IPV6_64 route occupies one L3_DEFIP entry.

Calculation rules for the L3_DEFIP_128 table: (If ALPM is enabled, conversion is not required and the L3_DEFIP_128 entry usage
is not displayed.)



One IPV6_128 route occupies one L3_DEFIP_128 entry.

Calculation rules for the ALPM table: (If ALPM is disabled, related ALPM entries are set to 0 and the ALPM entry usage is not
displayed.)





One IPV4 route occupies one ALPM entry.



One IPv6 route occupies 1.5 ALPM entries when IPV6_128 is disabled.



One IPv6 route occupies three ALPM entries when IPV6_128 is enabled.

N18000-X CB series
Fixed capacities are allocated to manage host and network route resources, respectively. IPv4 and IPv6 host routes share host
route resources. IPv4 and IPv6 network routes share network route resources. An IPv6 route occupies four times of resources
over an IPv4 route. For example, when the total host route resource capacity is 200 K, 200 K IPv4 host routes, 50 K IPv6 host
routes, or 100 K IPv4 host routes and 25 K IPv6 host routes are supported.
The network route resource capacity of the N18000-X CB series is determined by the prefix length of installed routes, to provide
references for the guarantee capacity (minimum) and theoretical capacity (maximum).
Route tables are hash tables, and hash collisions easily occur. Some hardware resources may be incompletely used.

Verification



Displaying Resource Usage in Standalone Mode



Run the show route-res usage slot slot_num command to display the resource usage.

Command

show route-res usage slot slot_num

Parameter

slot_num: Specifies the ID of the slot in which the line card of the chassis-type device resides, where 0 indicates a

Description

box-type device.

Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Command

FS#show route-res usage slot 0

Presentation

Switch Mode Current:default
Switch Mode Next

:default

-----------------------------------L3 Software Statistics:
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----------------------Switch Slot

Chip

Name

Used

Description

-------------------------------------------------------------------------------------------1

0

0

IPV4_LPM

0

ipv4 route in lpm table

1

0

0

IPV4_HOST

0

ipv4 route in l3_entry table

1

0

0

IPV4_HOSTFULL

0

ipv4 route in l3_entry_double table

1

0

0

IPV6_64_LPM

0

ipv6-64 route in lpm table

1

0

0

IPV6_128_LPM

0

ipv6-65~128 route in lpm table

1

0

0

IPV6_HOST

0

ipv6 route in l3_entry_double

1

0

0

IPV6_HOST_FULL

0

ipv6 route in l3_entry_qual

-------------------------------------------------------------------------------------------Switch Slot

Chip

Name

Used

Max

Description

-------------------------------------------------------------------------------------------1

0

0

NEXTHOP

0

1

0

0

ECMP_GROUP

0

49152
4096

nexthop number
ecmp group number

-------------------------------------------------------------------------------------------L3 Forwarding Resourses:
-----------------------Switch Slot

Chip

Resource

Service

Max

Used[

%]

Remain

------------------------------------------------------------------------------------1

0

0

1

0

0

L3_ENTRY
IPV4_HOST

212992

0

0[

0%]

212992
212992

1

0

0

IPV4_HOSTFULL

0

106496

1

0

0

IPV6_HOST

0

106496

1

0

0

IPV6_HOSTFULL

0

53248

------------------------------------------------------------------------------------1

0

0

1

0

0

1

0

0

L3_DEFIP

6144

0[ 0%]

6144

IPV4

0

12288

IPV6_64

0

6144

------------------------------------------------------------------------------------1

0

0

1

0

0

L3_DEFIP_128

1024
IPV6_128

0[

0%]

0

1024
1024

-------------------------------------------------------------------------------------



Displaying Resource Usage in VSU Mode



Run the show route-res usage switch switch_num slot slot_num command to display the resource usage of a line card.

Command

show route-res usage switch switch_num slot slot_num

Parameter

switch_num: Indicates the device ID of the chassis- or box-type device in VSU mode. In standalone mode, the keyword

Description

switch is not displayed.
slot_num: Specifies the ID of the slot in which the line card of the chassis-type device resides, where 0 indicates a
box-type device.

Command

www.fs.com
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Mode
Usage Guide

N/A

Command

FS#show route-res usage switch 1 slot 0

Presentation

Switch Mode Current:default
Switch Mode Next

:default

-----------------------------------L3 Software Statistics:
----------------------Switch Slot

Chip

Name

Used

Description

-------------------------------------------------------------------------------------------1

0

0

IPV4_LPM

7

ipv4 route in lpm table

1

0

0

IPV4_HOST

9

ipv4 route in l3_entry table

1

0

0

IPV4_HOSTFULL

3

ipv4 route in l3_entry_double table

1

0

0

IPV6_64_LPM

8

ipv6-64 route in lpm table

1

0

0

IPV6_128_LPM

0

ipv6-65~128 route in lpm table

1

0

0

IPV6_HOST

9

ipv6 route in l3_entry_double

1

0

0

IPV6_HOST_FULL 0

ipv6 route in l3_entry_qual

-------------------------------------------------------------------------------------------Switch Slot

Chip

Name

Used

Max

Description

-------------------------------------------------------------------------------------------1

0

0

NEXTHOP

1

0

0

ECMP_GROUP

33

49152

1

4096

nexthop number
ecmp group number

-------------------------------------------------------------------------------------------L3 Forwarding Resourses:
-----------------------Switch Slot

Chip

Resource

Service

Max

Used[

%]

Remain

------------------------------------------------------------------------------------1

0

0

L3_ENTRY

212992

33[ 0%]

212959

1

0

0

IPV4_HOST

9

212959

1

0

0

IPV4_HOSTFULL

3

106479

1

0

0

IPV6_HOST

9

106479

1

0

0

IPV6_HOSTFULL

0

53239

------------------------------------------------------------------------------------1

0

0

L3_DEFIP

6144

12[ 0%]

6132

1

0

0

IPV4

7

12264

1

0

0

IPV6_64

8

6132

0[ 0%]

1024

0

1024

------------------------------------------------------------------------------------1

0

0

1

0

0

L3_DEFIP_128

1024
IPV6_128

-------------------------------------------------------------------------------------



Displaying Resource Usage of All Slots in Standalone or VSU Mode
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Run the show route-res usage all command to display the resource usage of all line cards.

Command

show route-res usage all

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Command

N/A

Presentation
Configuration Example
Verification

Run the show route-res usage slot slot_num command to display the resource usage.
FS#show route-res usage slot 1
Switch Mode Current: dual-stack-alpm
Switch Mode Next

: default

-----------------------------------L3 Software Statistics:
-------------------Slot

Chip

Name

Used

Description

---------------------------------------------------------------------------------------------1

0

IPV4_LPM

0

ipv4 route in lpm table

1

0

IPV4_HOST

0

ipv4 route in l3_entry table

1

0

IPV4_HOSTFULL

0

1

0

IPV6_64_LPM

0

ipv6-64 route in lpm table

1

0

IPV6_128_LPM

0

ipv6-65~128 route in lpm table

1

0

IPV6_HOST

0

ipv6 route in l3_entry_double

1

0

IPV6_HOST_FULL 0

1

0

NEXTHOP

1

0

ECMP_GROUP

1

0

ENCAP

ipv4 route in l3_entry_double table

0
0
0

ipv6 route in l3_entry_qual

/49152

nexthop number

/4096

ecmp group number

/49152

encap number

----------------------------------------------------------------------------------------------

L3 Forwarding Resourses:
-----------------------Slot

Chip

Resource

Service

Max

Used[

%]

Remain

----------------------------------------------------------------------------------------------
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1

0

L3_ENTRY

16384

1

0

IPV4_HOST

1

1

0

IPV4_HOSTFULL

1

1

0

IPV6_HOST

1

1

0

IPV6_HOST_FULL

0

1

0

1

0

IPV4

2

1

0

IPV6_64

1

1

0

1

0

1

0

1

0

IPV4

1

0

IPV6_64

1

0

IPV6_128

L3_DEFIP

14336

L3_DEFIP_128

1024
IPV6_128

ALPM

5[

0%]

16379

2[ 0%]

14334

1[ 0%]

1023

1

0

0[

0%]

383989

13.3 Monitoring
Clearing
N/A
Displaying
Description

Command

Displays the FIB hardware capacity and

show route-res usage slot slot_num

usage of a specified switch line card in
standalone mode.
Displays the FIB hardware capacity and

show route-res usage switch switch_num slot slot_num

usage of a specified switch line card in
VSU mode.
Displays the FIB hardware capacities and show route-res usage all
usage of all line cards.
Debugging
N/A
The preceding show commands apply to chassis- and box-type devices in standalone and VSU modes.
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Multicast Configuration
1.

Configuring IP Multicasting

2.

Configuring IPv6 Multicast

3.

Configurating IGMP

4.

Configuring MLD

5.

Configuring PIM-DM

6.

Configurating PIM-SM

7.

Configuring PIM-SMv6

8.

Configuring MSDP

9.

Configuring IGMP Snooping

10.

Configuration MLD Snooping
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14 Configuring IP Multicasting
14.1 Overview
IPmulticastingisabstractedhardwaremulticastingandanextendedmulticastroutingprotocolonthestandardIPnetworklayer.
In traditional IP transmission, only one host can send packets to a single host (unicast communication) or all hosts (broadcast
communication). However, the multicast technology provides the third choice: a host can send packets to certain specified hosts.
IP multicasting is applicable to one-to-many multimedia applications.

14.2 Applications
Application

Description

PIM-DM Applications

The PIM-DM multicast service is provided on the same network.

PIM-SM Applications

The PIM-SM multicast service is provided on the same network.

14.2.1 PIM-DM Applications

Scenario
The PIM-DM multicast service is provided on the same network.
As shown in Figure 1- 1:



A multicast source sends a multicast packet, and receiver A and receiver B on the same network receive the multicast packet.

Figure 1- 1

Remarks

A and B are layer-3 devices and C is a layer-2 access device.
Source is connected to the Gi 0/1 interface of A, and receiver A and receiver B are connected to the Gi 0/2 and Gi 0/3
interfaces of C.

Deployment



Run the Open Shortest Path First (OSPF) protocol on the same network to implement unicast routing.



Run PIM-DM on the same network to implement multicast routing.
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Run the Internet Group Membership Protocol (IGMP) in a user host network segment to implement group member
management.

14.2.2 PIM-SM Applications

Scenario
The PIM-SM multicast service is provided on the same network.
As shown in Figure 1- 2:



A multicast source sends a multicast packet, and receiver A and receiver B on the same network receive the multicast packet.

Figure 1- 2

Remarks

A, B, and C are layer-3 routers.
The multicast source is connected to the Gi 0/1 interface of A, receiver B is connected to the Gi 0/1 interface of B, and
receiver B is connected to the Gi 0/1 interface of C.

Deployment



Run OSPF on the same network to implement unicast routing.



Run PIM-SM on the same network to implement multicast routing.



Run IGMP in a user host network segment to implement group member management.

14.3 Features
Basic Concepts



PIM Routers and PIM Interfaces

Routers enabled with PIM are called PIM routers. Interfaces enabled with PIM protocol are called PIM interfaces.
Multicast packets are forwarded on PIM routers. The PIM interfaces for receiving multicast packets are called upstream interfaces, and
the PIM interfaces for sending multicast packets are called downstream interfaces.
The network segments where upstream interfaces arelocated are calledupstream network segments.The network segments where
downstream interfaces are located are called downstream network segments.



PIM Network and PIM Domain

PIM routers are connected through PIM interfaces and form a PIM network.
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On certain PIM interfaces, borders are configured to divide a large PIM network into multiple PIM domains. Borders may reject
specified multicast packets or limit transmission of PIM messages.



Multicast Distribution Tree, DR and RP

Multicast packets are transmitted from one point to multiple points. The forwarding path is in a tree structure. This forwarding path is
called a multicast distribution tree (MDT) and has the following types:



Rendezvous Point Tree (RPT): The RP is regarded as the root and the designated router (DR) that connects group members is
regarded as a leaf.



Shortest Path Tree (SPT): The DR that connects multicast sources is regarded as the root, and RP or DR that connects group
members is regarded as a leaf.

The DR and RP are functional roles for a PIM router.



The RP collects multicast sources and group member information on the network.



The DR that connects multicast sources reports multicast source information to the RP.The DR that connects group members
reports group member information to the RP.



(*,G) and (S,G)



(*,G): Packets sent from any source to group G, routing entries corresponding to the packets, and forwarding path (RPT)
corresponding to thepackets.



(S,G): Packets sent from source S to group G, routing entries corresponding to the packets, and forwarding path (SPT)
corresponding to thepackets.



ASM and SSM

PIM-SM supports the following multicast models that are applicable to different multicast address segments:



Any-SourceMulticast (ASM):In theASM model, user hostscannot selectmulticast sources.User hostsjoin agroup and receive
packets sent from all sources to the group.



Source-Specific Multicast (SSM): In the SSM model, user hosts can select multicast sources. User hosts specify source addresses
when joining a group and receive only packets sent from specified sources to the group.
SSM model requirements: User hosts must know the multicast source address in advance using other network services so that
the hosts can select multicast sources.

Overview
Feature

Description

Configuring
Functions

Basic Creates a PIM network and provides data sources and user terminals on the network with the IPv4 multicast
of

IP

a

TTL

service.

Multicasting
Configuring
Threshold

Configures a TTL threshold for an interface, that is, the minimumTTL value of multicast packets allowed on an
interface.

Configuring

the

Limits the number of entries that can be added to the multicast routing table.

Number of Entries That
Can Be Added to the
Multicast Routing Table
Configuring

www.fs.com
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Configures an interface as a multicast border for a specified group.
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Feature

Description

Multicasting Border
Configuring
Multicasting

an

IP

Allows the multicast forwarding path to be different from the unicast path.

Static

Route
Configuring

Layer-2

Allows a specified multicast stream to be configured with multiple commands, that is, to be configured with

Direction Control for

multiple ports that can forward the stream. Once direction control is configured for a multicast stream, the

Multicast Streams

stream can be forwarded only by these configured interfaces. Other interfaces are not permitted to forward
the stream.

Configuring RPF Route Selects an optimal route respectively from the multicast static routing table, MBGP routing table, and unicast
Selection Based on the routing table according to RPF rules. Among these three routes, the one with the longest match mask is
Longest Match Rule
Configuring Multicast
Non-Stop Forwarding
Parameters

selected as the RPF route.
During normal running, SSP synchronizes the hardware multicast forwarding table to the management board
in real time. After the management board is switched, the command for configuring the multicast control
plane of the original slave management board is loaded, and the multicast protocol (such as PIM-SM or IGMP
Snooping) re-converges. The multicast non-stop forwarding function ensures continuous forwarding of
multicast data streams during re-convergence of the multicast protocol.

Configuring

an

Overwriting
Mechanism

Upon

Overflow of Multicast

Deletes the earliest hardware entries and adds new entries if the hardware forwarding table overflows when
you create multicast forwarding entries.

Hardware Forwarding
Entries
14.3.1 Configuring Basic Functions of IP Multicasting

Create a PIM network and provide data sources and user terminals on the network with the IPv4 multicast service.
Working Principle
Adevicemaintains therouting table for forwarding multicast packets through multicast routingprotocols (such as PIM-DM or PIM-SM)
and learns the states of group members in the directly connected network segment through IGMP. A host sends IGMP Report
messages to join a specified IGMP group.
Related Configuration



Enabling IPv4 Multicast Routing

By default, IPv4 multicast routing is disabled.
Run ip multicast-routing to enable IPv4 multicast routing.



Configuring IP Multicasting on an Interface

By default, IP multicasting is disabled on an interface.
Run ip pim spase-mode or ip pim dense-mode to enable IP multicasting on an interface.
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14.3.2 Configuring a TTL Threshold

Configure a TTL threshold for an interface, that is, the minimum TTL value of multicast packets allowed on an interface.
Working Principle
Configure a TTL threshold for an interface and check the TTL values of multicast packets. Multicast packets whose TTL values are
larger than the TTL threshold of the interface are forwarded and those whose TTL values are smaller are discarded.
Related Configuration



Configuring a TTL Threshold

By default, the TTL threshold of an interface is 0.
Runipmulticastttl-thresholdttl-valuetochangetheTTLthresholdofan interface.Thevaluerangesfrom0to255.
A larger value of ittl-value means a larger TTL value of multicast packets to be forwarded.
14.3.3 Configuring the Number of Entries That Can Be Added to the Multicast Routing Table

Each multicast data packet received on the device maintains a corresponding IP multicast route forwarding entry. However, excess
multicast routing entries may exhaust device memory and deteriorate device performance. You can limit the number of entries in the
IP multicast routing table based on the actual network and service performance requirements.
Working Principle
The number of entries in the IP multicasting routing table is limited based on the actual network and service performance
requirements to ensure device performance.
Related Configuration



Configuring the Number of Entries That Can Be Added to the Multicast Routing Table

By default, a maximum of 1024 entries can be added to an IP multicast routing table.
Run ip multicast route-limit limit [ threshold ] to change the number of entries that can be added to the IP multicasting routing table.
The value ranges from 1 to 65536.
A larger value of limit means a larger number of entries that can be added to the IP multicasting routing table.
14.3.4 Configuring an IP Multicasting Border

Configure an IP multicasting border to specify the transmission range of multicast packets.
Working Principle
An IP multicasting border is configured to specify the transmission range of multicast packets. When an IP multicasting border is
configured on an interface, this interface cannot forward or receive multicast packets, including those sent from the local host.
Related Configuration



Configuring an IP Multicasting Border

By default, no IP multicasting border is configured.
Run ip multicast boundary access-list [ in | out ] to configure an IP multicasting border.
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14.3.5 Configuring an IP Multicasting Static Route

Configure an IP multicasting static route to specify an RPF interface or RPF neighbor for multicast packets from specified multicast
sources.
Working Principle
An RPF check isperformed once multicast packets are forwarded. An IP multicasting static route can be configured to specify an RPF
interface or RPF neighbor for multicast packets from specified multicast sources.
Related Configuration



Configuring an IP Multicasting Static Route

By default, no IP multicasting static route is configured.
Runipmroutesource-addressmask {[ bgp |isis|ospf |rip|static]{ v4rpf-addrress|interface-type interface-number }} [distance] to
configure an IP multicasting static route.
14.3.6 Configuring Layer-2 Direction Control for Multicast Streams

Configure layer-2 direction control for multicast streams to control the forwarding of multicast streams on an interface.
Working Principle
Configure layer-2 direction control for multicast streams and a forwarding interface so that multicast streams can be forwarded only
through configured interfaces. In this case, layer-2 forwarding of multicast streams can be controlled.
Related Configuration



Configuring Layer-2 Direction Control for Multicast Streams

By default, layer-2 direction control for multicast streams is disabled.
Run ip multicast static source-address group-address interface-type interface-number to configure layer-2 direction control for
multicast streams.
14.3.7 Configuring RPF Route Selection Based on the Longest Match Rule

Select an optimal route respectively from the multicast static routing table, MBGP routing table, and unicast routing table and select
the one with the longest match mask as the RPF route from the three optimal routes.
Working Principle
A multicast static route, an MBGP route, and a unicast route that can be used for RPF check are selected respectively from the
multicast static routing table, MBGP routing table, and unicast routing table according to RPF rules.



If the longest match rule is used, the route with the longest match mask is selected as the RPF route. If the three routes have the
same mask, the one with the highest priority is selected as the RPF route. If they have the same priority, the RPF routes are
selected in the sequence of multicast static route, MBGP route, and unicast route.



Otherwise, the one with the highest priority is selected as the RPF route. If they have the same priority, the RPF routes are
selected in the sequence of multicast static route, MBGP route, and unicast route.

Related Configuration
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Configuring RPF Route Selection Based on the Longest Match Rule

By default, the route with the highest priority is selected as the RPF route. If they have the same priority, the RPF routes are selected in
the sequence of multicast static route, MBGP route, and unicast route.
Run ip multicast rpf longest-match to configure RPF route selection based on the longest match rule.
14.3.8 Configuring Multicast Non-Stop Forwarding Parameters

The non-stop forwarding function ensures continuous forwarding of multicast data streams during the re-convergence of multicast
protocols.
Working Principle
During normal running, SSP synchronizes the hardware multicast forwarding table to the management board in real time. After the
management board is switched, the command for configuring the multicast control plane of the original slave management board is
loaded, and the multicast protocol (such as PIM-SM or IGMP Snooping) re-converges. The multicast non-stop forwarding function
ensures continuous forwarding of multicast data streams during re-convergence of multicast protocols.
After the configured protocol convergence period times out, all multicast forwarding table entries that are not updated during the
convergence period are deleted.
Related Configuration



Configuring the Maximum Period for Multicast Protocol Convergence

By default, the maximum period for multicast protocol convergence is 20s.
Run msf nsf convergence-time time to configure the maximum period for multicast protocol convergence. The value ranges from 0
to 3600s.
A larger value of time means a longer maximum period for multicast protocol convergence.



Configuring the Multicast Packet Leakage Period

By default, the multicast packet leakage period is 30s.
Runmsfnsfleakintervaltoconfigurethemulticastpacketleakageperiod.Thevaluerangesfrom0to3600s.
A larger value of interval means a longer leakage period.
14.3.9 Configuring an Overwriting Mechanism Upon Overflow of Multicast Hardware Forwarding Entries

Delete the earliest hardware entries and adds new entries if the hardware forwarding table overflows when you create multicast
forwarding entries.
Working Principle
Delete the earliest hardware entries and adds new entries if the hardware forwarding table overflows when you create multicast
forwarding entries .
Related Configuration



Configuring an Overwriting Mechanism Upon Overflow of Multicast Hardware Forwarding Entries

Bydefault,theoverwritingmechanismupon theoverflowofmulticasthardwareforwardingentries isdisabled.

www.fs.com

1369

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Run msf ipmc-overflow override to configure the overwriting mechanism upon overflow of multicast hardware forwarding entries.

14.4 Configuration
Configuration

Description and Command

Configuring Basic Functions of IP
Multicasting

(Mandatory) It is used to configure the multicast service.
ip multicast-routing

Enables the IPv4 multicast routing function.

Optional.

Configuring a TTL Threshold

ip multicast ttl-threshold ttl-value
Configuring the Number of Entries
That Can Be Added to the Multicast ip multicast route-limit limit [ threshold ]
Routing Table
Configuring

an

IP

Multicasting

Border
Configuring an IP Multicasting Static
Route
Configuring

Limits the number of entries that can be added
to the multicast routing table.
Configures an interface as a multicast border for
a specified group.

ip mroute source-address mask { [ bgp | isis |
ospf | rip | static ] { v4rpf-addrress |

Configures an IP multicasting static route.

interface-type interface-number } } [ distance ]
Layer-2

Direction

Control for Multicast Streams

Based on the Longest Match Rule
Multicast

Non-Stop

Forwarding Parameters
Configuring

an

Mechanism

Upon

ip

multicast

static

source-address

group-address

ip multicast rpf longest-match
msf nsf convergence-time time
msf nsf leak time

Overwriting
Overflow

Multicast Hardware Forwarding

interface-type

interface-number

Configuring RPF Route Selection

Configuring

ipmulticast boundary access-list [ in | out ]

Configures a TTL threshold for an interface.

of

Controls thedirection of data streams on layer-2
interfaces.
Configures RPF route selection based on the
longest match rule.
Configures the maximum period for multicast
protocol convergence.
Configuresthemulticast packetleakage period.
Configures the overwriting mechanism upon

msf ipmc-overflow override

Entries

overflow of multicast hardware forwarding
entries.

14.4.1 Configuring Basic Functions of IP Multicasting

Configuration Effect



Create a PIM network and provide data sources and user terminals on the network with the IPv4 multicast service.

Notes



A PIM network needs to use existing unicast routes on the network. Therefore, IPv4 routes must be configured on the network.

Configuration Steps



Enabling IPv4 Multicast Routing



Mandatory.



IPv4 multicast routing should be enabled on each router unless otherwise specified.
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Enabling IP Multicasting for an Interface



Mandatory.



IP multicasting protocol should be enabled on interfaces unless otherwise specified:

Verification
Enable multicast sources to send multicast packets and user hosts to join the groups.



Check whether the user hosts can successfully receive packets from each group.

Related Commands



Enabling IPv4 Multicast Routing

Command

ip multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



-

Configuring IP Multicasting
For IGMP configuration, see the IGMP section.
For PIM-DM configuration, see the PIM-DM section.
For PIM-SM configuration, see the PIM-SM section.
After layer-3 multicasting is enabled in the private VLAN and super VLAN and a multicast source exists in the sub-VLAN, an extra
entry whose ingress is the sub-VLAN into which the multicast stream enters needs to be copied due to the validity check during
multicast forwarding. This results in occupation of one more multicast hardware entry and one less in the multicast capacity.



Displaying Information About the Multicast Forwarding Table

Command

show ip mroute [ group-or-source-address [ group-or-source-address ] ] [ dense | sparse ] [ summary | count ]

Parameter
Description

group-or-source-address: Specifies a group address or source address.
group-or-source-address: Specifies a group address or source address.
dense: Displays the core entry of PIM-DM multicast.
sparse: Displays the core entry of PIM-SM multicast.
summary: Displays summary information about multicast routing entries.
count: Displays counting information about multicast routing entries.

Command

Privilege, global and interface configuration modes

Mode
Usage Guide The three parameters are optional, and the source address and group address must be specified simultaneously.
When no source address or group address is specified, all MFC entries are displayed.
When only the source address and group address are specified, MFC entries of the source address and group address
are displayed.
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Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Supporting PIM-DM

Scenario
Figure 1- 3

Configuration



Configure an IPv4 unicast routing protocol (such as OSPF) on a router.

Steps



Enable IPv4 multicast routing on all routers.



Enable PIM-DM on device interconnection interfaces and interfaces for connecting user hosts and multicast
sources.

A

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if)# ip pim dense-mode
A(config-if)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if)#ippimdense-mode
A(config-if)# exit

B

B# configure terminal
B(config)# ip multicast-routing
B(config)# interface GigabitEthernet 0/1
B(config-if)# ip pim dense-mode
B(config-if)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if)# ip pim dense-mode
B(config-if)# exit

Verification
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Enable the multicast source (192.168.1.100) to send packets to G (233.3.3.3). Enable receiver A to join G.



CheckmulticastpacketsreceivedbyreceiverA.Receiver AshouldbeabletoreceivemulticastpacketsfromG.



Check multicast forwarding tables on A and B.
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A

A# show ip mroute

IP Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
InterfaceState:Interface(TTL)

(192.168.1.100, 233.3.3.3), uptime 00:01:55, stat expires 00:02:19
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2 (1)
B

B# show ip mroute

IP Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
InterfaceState:Interface(TTL)

(192.168.1.100, 233.3.3.3), uptime 00:00:35, stat expires 00:02:55
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1 (1)
Common Errors



An IPv4 unicast route is incorrectly configured.



IPv4 multicast routing is not enabled on a router.



IP multicasting is not enabled on an interface.

14.4.2 Configuring a TTL Threshold

Configuration Effect
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Configure a TTL threshold for an interface and check the TTL values of multicast packets. Multicast packets whose TTL values are
larger than the TTL threshold of the interface are forwarded and those whose TTL values are smaller are discarded.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



Set a TTL threshold on PIM router interfaces unless otherwise specified.

Verification
Enable multicast sources to send multicast packets and user hosts to join the groups.



Set a TTL threshold to a value that is larger than the TTL value of the multicast packet on the PIM router interface directly
connected to the user host and check whether the user can receive the multicast packet.

Related Commands



Configuring a TTL Threshold

Command

ip multicast ttl-threshold ttl-value

Parameter

ttl-value: Specifies a TTL threshold for an interface. The value ranges from 0 to 255. The default value is 0.

Description
Command

Interface configuration mode

Mode
Usage Guide

A multicast-enabled device can retain a TTL threshold for each interface. Multicast packets whose TTL values are
largerthantheTTLthresholdoftheinterfaceareforwardedand thosewhoseTTLvaluesaresmallerarediscarded.A
TTL threshold takes effect only for multicast frames and must be configured on layer-3 interfaces.

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring a TTL Threshold

Scenario
Figure 1- 4

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure the TTL threshold as 100 on the Gi 0/2 interface of device A.

A

A# configure terminal
A(config)#int gigabitEthernet 0/2
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A(config-if-GigabitEthernet 0/2)#ip multicast ttl-threshold 100
A(config-if-GigabitEthernet 0/2)# exit

Verification

Enable the multicast source (192.168.1.100) to send packets to G (233.3.3.3). Enable receiver A to join G.



Configure theTTL threshold as 100 on the Gi 0/2 interface of device A, which is larger than theTTL value of the
multicast packet.


Before
Configuring
the

Check the difference between the route forwarding entries before and after the TTL threshold is configured.

A# show ip mroute

TTL
IP Multicast Routing Table

Threshold

Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface (TTL)

(192.168.1.100, 233.3.3.3), uptime 00:00:08, stat expires 00:03:29
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2 (1)
After
Configuring
the
Threshold

A# show ip mroute

TTL
IP Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface (TTL)

(192.168.1.100, 233.3.3.3), uptime 00:00:01, stat expires 00:03:29
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2 (100)
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14.4.3 Configuring the Number of Entries That Can Be Added to the Multicast Routing Table

Configuration Effect



Each multicast data packet received on the device maintains a corresponding IP multicast route forwarding entry. However,
excess multicast routing entries may exhaust device memory and deteriorate device performance. Youcan limit the number of
entries in the IP multicast routing table based on the actual network and service performance requirements.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



Limit the number of entries in the IP multicast routing table based on the actual network and service performance
requirements.

Verification
Send N groups of multicast packets from the multicast source on the network, configure user hosts to join the groups, configure the
number of entries that can be added to the IP multicast routing table as N-1, and check whether the multicast packet received by the
user host is that of the N-1 group.
Related Commands

 Configuring the Number of Entries That Can Be Added to the Multicast Routing Table
Command

ip multicast route-limit limit [ threshold ]

Parameter
Description

limit: Specifies the number of entries in the multicast routing table. The value ranges from 1 to 65536. The default
value is 1024.
threshold: Specifies the number of entries in the multicast routing table that triggers the warning message. The
default value is 65536.

Command

Global configuration mode

Mode
Usage Guide

Due to limitations on hardware resources, routing entries that exceed the range permitted by hardware can be
forwarded only by software, deteriorating the performance.

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring the Number of Entries That Can Be Added to the
Multicast Routing Table

Scenario
Figure 1- 5
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Configuration



Configure basic the functions of IP multicasting. (Omitted)

Steps



Configure the number of entries that can be added to the multicast routing table on device B as 2.

B

B# configure terminal
B(config)# ip multicast route-limit 2

Verification

Enable the multicast source (192.168.1.100) to send packets to G1 (233.3.3.1), G2 (233.3.3.2), and G3
(233.3.3.3).Enable receiver A to join G1, G2, and G3.



Check multicast packets received by receiver A. Receiver A should be able to receive multicast packets from
two groups among G1, G2, and G3.



Check multicast routing entries on A and B.



When the number of entries in the IP multicasting routing table reaches the upper threshold, a prompt
message isdisplayed.

A

A# show ip mroute

IP Multicast Routing Table
Flags: I – Immediate Stat, T – Timed Stat, F – Forwarder installed,
R – RPT, S – SPT, s – SSM Group
Timers: Uptime/Stat Expiry
InterfaceState:Interface(TTL)

(192.168.1.100, 233.3.3.1), uptime 00:00:06, stat expires 00:03:24
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2 (1)

(192.168.1.100, 233.3.3.2), uptime 00:00:05, stat expires 00:03:25
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2 (1)

(192.168.1.100, 233.3.3.3), uptime 00:00:00, stat expires 00:03:30
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/1
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Outgoing interface list:
GigabitEthernet 0/2 (1)
B

B# show ip mroute

IP Multicast Routing Table
Flags: I – Immediate Stat, T – Timed Stat, F – Forwarder installed,
R – RPT, S – SPT, s – SSM Group
Timers: Uptime/Stat Expiry
InterfaceState:Interface(TTL)

(192.168.1.100, 233.3.3.1), uptime 00:01:13, stat expires 00:03:23
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1 (1)

(192.168.1.100, 233.3.3.3), uptime 00:06:08, stat expires 00:03:23
Owner PIMDM, Flags: TFS
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1 (1)
When the number of entries in the IP multicasting routing table reaches the upper threshold, a prompt
message is displayed.
B#*Dec 26 10:43:07: %MROUTE-4-ROUTELIMIT: IPv4 Multicast route limit 2 exceeded - VRF default.
Common Errors



An IPv4 unicast route is incorrectly configured.

14.4.4 Configuring an IP Multicasting Border

Configuration Effect



Configure an IP multicasting border to specify the transmission range of multicast packets.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps
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Configure an IP multicasting border on PIM router interfaces unless otherwise specified.

Verification
Enable multicast sources to send multicast packets and user hosts to join the groups. Configure an IP multicasting border on the PIM
router interface connected to the user host and check whether the user can receive the multicast packet.
Related Commands



Enabling IPv4 Multicast Routing

Command

ip multicast boundary access-list [ in | out ]

Parameter

access-list: Indicates the group address range defined by ACL.

Description

in: Indicates that the IP multicasting border takes effect in the incoming direction of the multicast stream.
out: Indicates that the IP multicasting border takes effect in the outgoing direction of the multicast stream.

Command

Interface configuration mode

Mode
Usage Guide

After this command is executed, IGMP and PIM-SM packets in the group range are filtered on this interface and
multicast data streams are not going in and out through this interface.
The ACL associated with this command can be a standard ACL or an extended ACL. For extended ACLs, only the
destination address is matched and the source address is matched.

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring an IP Multicasting Border

Scenario
Figure 1- 6

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure an ACL on device A.



Configure an IP multicasting border on the Gi 0/1 interface of device A.

A

A# configure terminal
A(config)#ip access-list standard ip_multicast
A(config-std-nacl)#deny any
A(config-std-nacl)#exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip multicast boundary ip_multicast A
A(config-if-GigabitEthernet 0/1)# exit
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Verification

Enable the multicast source (192.168.1.100) to send packets to G (233.3.3.3). Enable receiver A to join G.


A

Run debug ip pim sparse-mode events.

A# debug ip pim sparse-mode events
Jan 1 20:58:34: %7: VRF(0): No cache message: src 192.168.1.100 for 233.3.3.3 vif 2
*Jan

1 20:58:34: %7: VRF(0): Ignore No cache message: src 192.168.1.100 for 233.3.3.3 vif 2 in

PIM_BOUNDARY_FLT_BOTH range
Common Errors



An IPv4 unicast route is incorrectly configured.

14.4.5 Configuring an IP Multicasting Static Route

Configuration Effect



Configure an IP multicasting static route to specify an RPF interface or RPF neighbor for multicast packets from specified
multicast sources.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



An IP multicasting static route can be configured on each device unless otherwise specified.

Verification
Run show ip rpf source-addressto check the RPF information of a specified source.
Related Commands



Configuring Basic Functions of IP Multicasting

Command

ip mroute source-address mask { [ bgp | isis | ospf | rip | static ] { v4rpf-addrress | interface-type interface-number } }
[ distance ]

Parameter
Description

source-address: Specifies the multicast source address.
mask: Specifies the mask of the multicast source address.
protocol: Indicates the unicast routing protocol currently used.
rpf-address: Specifies the address of the RPF neighbor (next hop of the multicast source).
interface-type interface-number: Indicates the RPF interface (outgoing interface of the multicast source).
distance: Specifies the route management distance. The value ranges from 0 to 255. The default value is 0.

Command

Global configuration mode

Mode
Usage Guide Multicast static routes are applicable only to RPF check.
If the IP address of the outgoing interface, but not the next hop, of the static multicast route needs to be specified, the
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outgoing interface must be a point-to-point type.



Displaying the RFP Information of a Specified Source Address

Command

show ip rpf source-address

Parameter

source-address: Specifies the source IP address.

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

The three parameters are optional, and the source address and group address must be specified simultaneously.
When no source address or group address is specified, all MFC entries are displayed.
Whenonlythesourceaddressandgroupaddressarespecified,MFCentriesofthesourceaddressandgroupaddress
are displayed.

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Supporting PIM-DM

Scenario
Figure 1- 7

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure a static route to the receiver on device B.

A

B# configure terminal
B(config)# ip mroute 10.10.10.10 255.255.255.255 ospf 192.168.1.1 1

Verification

Run show ip rpf to view the RPF information to the receiver before and after the configuration.

Before

B# show ip rpf 10.10.10.10

Configuration

RPF information for 10.10.10.10
RPF interface: GigabitEthernet 0/2
RPF neighbor: 192.168.2.1
RPF route: 10.10.10.10/32
RPF type: unicast (ospf)
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 110
Metric: 1

After
Configuration
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RPF information for 10.10.10.10
RPF interface: GigabitEthernet 0/0
RPF neighbor: 192.168.1.1
RPF route: 10.10.10.10/32
RPF type: static
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 1
Metric: 0
Common Errors



An IPv4 unicast route is incorrectly configured.



IPv4 multicast routing is not enabled on a device.

14.4.6 Configuring Layer-2 Direction Control for Multicast Streams

Configuration Effect
Configure layer-2 direction control for multicast streams to control the forwarding of multicast streams on an interface.
Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



Layer-2 direction control for multicast streams can be configured on layer-2 devices unless otherwise specified.

Verification
Send multicast packets on the network containing layer-2 device A, connect multiple user hosts to VLAN 1 of layer-2 device A to
receive the group, configure layer-2 direction control for multicast streams on device A, and check whether multicast packets are sent
to the configured layer-2 interface.
Related Commands

 Configuring Layer-2 Direction Control for Multicast Streams
Command

ip multicast static source-address group-address interface-type interface-number

Parameter

source -address: Specifies the multicast source address.

Description

group-address: Specifies the multicast group address.
interface-type interface-number: Specifies a layer-2 interface that is allowed to forward the multicast flow.

Command

Global configuration mode

Mode
Usage Guide

Allow a specified multicast flow to be configured with multiple commands, that is, to be configured with multiple
interfaces. Once direction control is configured for a multicast stream, the stream can be forwarded only by these
configured interfaces. Other interfaces are not permitted to forward the stream.
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This command controls only the forwarding of multicast streams on the interface, but does not directly affect the
processing of multicast protocols on the protocol packets. However, since certain features of the multicast protocol
are driven by multicast data streams, behaviors of the multicast routing protocols may also be affected.
Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring Layer-2 Direction Control for Multicast Streams

Scenario
Figure 1- 8

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure layer-2 direction control for multicast streams on device B so that the streams are sent only to the Gi
0/2 interface.

B

A# configure terminal
A(config)# ip multicast static 192.168.1.100 233.3.3.3 gigabitEthernet0/2

Verification

Enable the multicastsource(192.168.1.100) tosend packetsto G(233.3.3.1). Enable receivers A and Bto join G.



Check multicast packets received by receiver A. Receiver B should not be able to receive multicast packets from
G.

Common Errors



An IPv4 unicast route is incorrectly configured.

14.4.7 Configuring RPF Route Selection Based on the Longest Match Rule

Configuration Effect



Select an optimal route respectively from the multicast static routing table, MBGP routing table, and unicast routing table and
select the one with the longest match mask as the RPF route from the three optimal routes.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



Configure RPF route selection based on the longest match rule on each device unless otherwise specified.

Verification
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Configure a multicast static route and a unicast static route to have the same priority and configure the unicast static route to have a
longer mask length.



Run show ip rpf source-addressto check the RPF information of a specified source.

Related Commands



Configuring RPF Route Selection Based on the Longest Match Rule

Command

ip multicast rpf longest-match

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

The steps for selecting RFP routes are as follows:
1， Select an optimal route respectively from the multicast static routing table, MBGP routing table, and unicast
routing table for RPF check.
2， Select one from the three routes as the RPF route.
If the longest match rule is used, the route with the longest match mask is selected. If the three routes have the
same mask, the one with the highest priority is selected. If they have the same priority, the RPF routes are
selected in the sequence of multicast static route, MBGP route, and unicast route.
If the longest match rule is not used, the route with the longest match mask is selected. If they have the same
priority, the RPF routes are selected in the sequence of multicast static route, MBGP route, and unicast route.

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring RPF Route Selection Based on the Longest Match
Rule

Scenario
Figure 1- 9

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



On device B, configure an IP multicast static route whose mask length is smaller than that of the unicast static
route.


B

Configure RPF route selection based on the longest match rule on device B.

B# configure terminal
B(config)# ip multicast-routing
B(config)# ip mroute 10.10.10.10 255.255.0.0 ospf 192.168.1.1
B(config)# ip multicast rpf longest-match

Verification

Run show ip rpf to check the RFP information of the multicast source before and after configuring RPF route
selection based on the longest match rule.
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Before
configuration

B#show ip rpf 10.10.10.10
RPF information for 10.10.10.10
RPF interface: GigabitEthernet 0/0
RPF neighbor: 192.168.1.1
RPF route: 10.10.0.0/16
RPF type: static
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 0
Metric: 0

After
configuration

B# show ip rpf 10.10.10.10
RPF information for 10.10.10.10
RPF interface: GigabitEthernet 0/2
RPF neighbor: 192.168.2.1
RPF route: 10.10.10.10/32
RPF type: unicast (ospf)
RPF recursion count: 0
Doing prefix-length-preferred lookups across tables
Distance: 110
Metric: 1

Common Errors



An IPv4 unicast route is incorrectly configured.



IPv4 multicast routing is not enabled on a router.

14.4.8 Configuring Multicast Non-Stop Forwarding Parameters

Configuration Effect



Thenon-stopforwarding functionensures continuous forwardingof multicastdata streamsduringre-convergenceof multicast
protocols.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



Configuring the Maximum Period for Multicast Protocol Convergence



The maximum period for multicast protocol convergence can be specified on each device unless otherwise specified.
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Configuring the Multicast Packet Leakage Period



The multicast leakage period can be configured on each device unless otherwise specified.

Verification
Run show msf nsf to check the configured multicast non-stop forwarding parameters.
Related Commands



Configuring the Maximum Period for Multicast Protocol Convergence

Command

msf nsf convergence-time time

Parameter

convergence-time time: Specifies the maximum period for multicast protocol convergence. The value ranges from 0

Description

to 3600s. The default value is 20s.

Command

Global configuration mode

Mode
Usage Guide



-

Configuring the Multicast Packet Leakage Period

Command

msf nsf leak interval

Parameter

leak intervald: Specifies the multicast packet leakage period. The value ranges from 0 to 3600s. The default value is

Description

30s.

Command

Global configuration mode

Mode
Usage Guide



-

Displaying Multicast Non-Stop Forwarding Configurations

Command

show msf nsf

Parameter

-

Description
Command

Privilege, global and interface configuration modes

Mode
Usage Guide

-

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Supporting PIM-DM

Scenario

Basic environment of the IP multicasting service (Omitted)

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure the maximum period for multicast protocol convergence.



Configure the multicast packet leakage period.

A

A# configure terminal
A(config)# msf nsf convergence-time 200
A(config)# msf nsf leak 300
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Verification

Run show msf nsf to display multicast non-stop forwarding configurations.

A

A# show msf nsf
Multicast HA Parameters
---------------------------------------------------+------+
protocolconvergencetimeout
flow leak interval

200 secs
300 secs

14.4.9 Configuring an Overwriting Mechanism Upon Overflow of Multicast Hardware Forwarding Entries

Configuration Effect



Delete the earliest hardware entries and adds new entries if the hardware forwarding table overflows when you create multicast
forwarding entries.

Notes



The basic functions of IP multicasting must be configured.

Configuration Steps



The overwriting mechanism upon overflow of multicast hardware forwarding entries can be configured on each device unless
otherwise specified.

Verification
Run show running-config to check whether the overwriting mechanism upon overflow of multicast hardware forwarding entries is
configured.
Related Commands



Configuring an Overwriting Mechanism Upon Overflow of Multicast Hardware Forwarding Entries

Command

msf ipmc-overflow override

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

-

Configuration Example



Creating the IP Multicast Service on the IPv4 Network and Configuring an Overwriting Mechanism Upon Overflow of
Multicast Hardware Forwarding Entries

Scenario

Basic environment of the IP multicasting service (Omitted)

Configuration



Configure the basic functions of IP multicasting. (Omitted)

Steps



Configure the overwriting mechanism upon overflow of multicast hardware forwarding entries.
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A

A# configure terminal
A(config)#msf ipmc-overflow override

Verification

Run show running-config to check whether the overwriting mechanism upon overflow of multicast hardware
forwarding entries is configured.

A

A# show running-config
…
msf ipmc-overflow override
…

14.5 Monitoring
Clearing
Running the clear commands may lose vital information and interrupt services.
Description

Command

Clears the IPv4 multicast forwarding

clear ip mroute { * | v4group-address [ v4source-address ] }

table.
Resets statistics in the IPv4 multicast

clear ip mroute statistics { * | v4group-address [ v4source-address ] }

forwarding table.
Displaying
Description

Command

Displays help guidance information of

multicast help

each multicast module.
Displays status of the IPv4 multicast

view multicast

modules.
Displays the IPv4 multicast forwarding

show ip mroute [ group-or-source-address [ group-or-source-address ] ] [ dense | sparse ]

table.

[ summary | count ]

Displays IPv4 static multicast route

show ip mroute static

information.
show ip rpf { source-address [ group-address ] [ rd route-distinguisher ] } [ metric ]

Displays the RFP Information of a
specified IPv4 source address.
Displays

information

about

IPv4 show ip mvif [ interface-type interface-number ]

multicast interfaces.
Displays the IPv4 layer-3 multicast

show ip mrf mfc

forwarding table.
Displays the IPv4 multi-layer multicast

show msf msc

forwarding table.
Displays

IPv4

multicast

non-stop

show msf nsf

forwarding configurations.
Debugging
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System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs running of the multicast core.

debug nsm mcast all

Debugs communication between the

debug nsm mcast fib-msg

IPv4 multicast core and the protocol
module.
Debugs the interface running of the

debug nsm mcast vif

IPv4 multicast core.
Debugs the interface and entry statistics

debug nsm mcast stats

processing of the IPv4 multicast core.
Debugs the processing of IPv4 layer-3

debug ip mrf forwarding

multicast packet forwarding.
debug ip mrf mfc

Debugs the operation on layer-3
multicast forwarding entries on an IPv4
network.

debug ip mrf event

Debugs the processing of layer-3
multicast forwarding events on an IPv4
network.
Debugs

the

processing of

IPv4 debug msf forwarding

multi-layer multicast packet forwarding.
Debugs the operation on multi-layer

debug msf mfc

multicast forwarding entries on an IPv4
network.
Debugs the bottom-layer hardware

debug msf ssp

processing of IPv4 multi-layer multicast
packet forwarding.
Debugs the invocation of API interfaces

debug msf api

provided by IPv4 multi-layer multicast
forwarding.
Debugs the processing of multi-layer

debug msf events

multicast forwarding events on an IPv4
network.

15 Configuring IPv6 Multicast
15.1 Overview
IPv6 multicast is enrichment and enhancement of IPv4 multicast. In comparison with IPv4 multicast, the IPv6 multicast address
mechanism is greatly enriched.
In traditional IP transmission, a host is allowed to send packets only to a single host (unicast communication) or all hosts (broadcast
communication). The multicast technology provides a third choice: A host is allowed to send packets to certain hosts.
The IP multicast technology is applicable to one-to-many multimedia applications.
Protocols and Standards
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IPv6 multicast covers the following protocols:



Multicast Listener Discovery (MLD): Runs between a multicast device and a host, and tracks and learns relationships of group
members.



Protocol Independent Multicast – Spare Mode for IPv6 (PIM-SMv6): Runs between devices and implements multicast packet
forwarding by establishing a multicast routing table.

15.2 Applications
Application

Description

Typical Application of PIM-SMv6

The PIM-SMv6 multicast service is provided in the same network.

15.2.1 Typical Application of PIM-SMv6

Scenario
The PIM-SMv6 multicast service is provided in the same network.
As shown in the following figure:



R1 and the multicast source are in the same network, R2 is configured as a rendezvous point (RP), R3 is in the same network as
Receiver A, and R4 is in the same network as Receiver B. Assume that devices and hosts are correctly connected, IPv6 is enabled
on each interface, and IPv6 unicast is enabled on each device.

Figure 2- 1

Remarks

R1, R2, R3, and R4 are Layer-3 devices and R2 functions as an RP.
The multicast source is directly connected to R1, Receiver A is directly connected to R3, and Receiver B is directly
connected to R4.

Deployment



Run the Open Shortest Path First for IPv6 (OSPFv6) protocol in the same network to implement unicast routing.



Run the PIM-SMv6 protocol in the same network to implement multicast routing.
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15.3 Features
Basic Concepts



PIM Router and PIM Interface

Routers where the PIM protocol is enabled are called PIM routers. Interfaces where the PIM protocol is enabled are called PIM
interfaces.
Multicast packets are forwarded by PIM routers. The PIM interfaces for receiving multicast packets are called upstream interfaces, and
the PIM interfaces for transmitting multicast packets are called downstream interfaces.
Network segments where upstream interfaces are located are called upstream network segments. Network segments where
downstream interfaces are located are called downstream network segments.



PIM Network and PIM Domain

PIM routers are connected through PIM interfaces and form a PIM network.
On some PIM interfaces, borders are set to divide a large PIM network into multiple PIM domains. The borders may reject specific
multicast packets or limit transmission of PIM messages.



Multicast Distribution Tree, DR, RP

Multicast packets are transmitted from one point to multiple points. The forwarding path presents a tree structure. This forwarding
path is called a multicast distribution tree (MDT). MDTs are classified into two types:



Rendezvous point tree (RPT): Uses the rendezvous point (RP) as the root and designated routers (DRs) connected to group
members as leaves.



Shortest path tree (SPT): Use the DR connected to a multicast source as the root and the RPs or DRs connected to group
members as leaves.

DRs and RPs are function roles of PIM routers.



RPs collect information about multicast sources and group members in the network.



The DR connected to a multicast source reports multicast source information to the RP and the DRs connected to group
members report the group member information to the RP.



(*,G), (S,G)



(*,G): Indicates the packets transmitted from any source to Group G, routing entries corresponding to the packets, and
forwarding path (RPT) corresponding to the packets.



(S,G):IndicatesthepacketstransmittedfromSourceStoGroupG, routingentriescorresponding tothepackets,and forwarding
path (SPT) corresponding to the packets.



ASM, SSM

PIM-SM supports two multicast service models: any-source multicast (ASM) and source-specific multicast (SSM), which are applicable
to different multicast address segments.



ASM: In the ASM model, a user host cannot select a multicast source. The user host joins a multicast group and receives all
packets sent from all sources to the multicast group.
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SSM: In the SSM model, a user host can select a multicast source. The user host specifies the source address when joining a
multicast group, and then receives packets only from the specified source to the multicast group.
SSM model requirement: Other network services must be used to enable a user host to know the position of a multicast source
in advance so that the user host selects the multicast source.

Overview
Feature
Configuring

Description
IPv6

Multicast

Basic Functions
Configuring the Number of

Creates a PIM network to provide the IPv6 multicast service for data sources and user terminals in the
network.
Restricts the number of entries that can be added to the multicast routing table.

Entries That Can Be Added to
the IPv6 Multicast Routing
Table
Configuring the IPv6 Multicast

Sets an interface as the multicast border of a specific group range.

Border
Configuring

IPv6

Multicast

Static Routing
Configuring

Layer-2

Flow

Direction Control for Multicast
Streams
Configuring

Configures multicast static routing to adopt multicast forwarding paths different from unicast
forwarding paths.
Multiple commands can be configured for a multicast stream, that is, multiple ports can be allowed to
forward the multicast stream. If flow direction control is configured for a multicast stream, the
multicast stream can be forwarded only by the configured ports. Other ports are not allowed to
forward the multicast stream.

RPF

Route

Selection According to the
Longest Matching Principle

One optimal route is selected from each of the multicast static routing table, MBGP routing table, and
unicast routing table according to RPF rules. Among the three optimal routes, the route with the
longest subnet mask matching is selected as the RPF route.

15.3.1 Configuring IPv6 Multicast Basic Functions

Create a PIM network to provide the IPv6 multicast service for data sources and user terminals in the network.
Working Principle
A device maintains the routing table used for multicast packet forwarding over an IPv6 multicast routing protocol (such as PIM-SMv6),
and learns information about the status of group members in the directly-connected network segments over the MLDv1/v2 protocol.
A host joins a specific IPv6 multicast group by transmitting the MLD REPORT message.
Related Configuration

 Enabling the IPv6 Multicast Routing Function
The IPv6 multicast routing function is disabled by default.
Run the ipv6 multicast-routing command to enable the IPv6 multicast routing function.

 Configuring an IP Multicast Protocol on an Interface
The IPv6 multicast protocol is disabled on an interface by default.
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Run the ipv6 pim dense-mode command to enable the IPv6 multicast protocol on an interface.
15.3.2 Configuring the Number of Entries That Can Be Added to the IPv6 Multicast Routing Table

Every multicast data packet received by the device is used to maintain relevant IPv6 multicast routing entries. Excessive multicast
routing entries, however, may deplete the device memory and degrade the device performance. Users can restrict the number of
entries in the IPv6 multicast routing table based on the actual networking conditions and service performance requirements.
Working Principle
Restrict the number of entries in the IPv6 multicast routing table based on the actual networking conditions and service performance
requirements, so as to sustain the device performance.
Related Configuration

 Configuring the Number of Entries That Can Be Added to the IPv6 Multicast Routing Table
By default, 1,024 entries can be added to the IP multicast routing table.
Run the ipv6 multicast route-limit limit [ threshold ] command to adjust the number of entries that can be added to the IPv6
multicast routing table. The value ranges from 1 to 65,536.
A larger value of limit means that more entries can be added to the IPv6 multicast routing table, and a smaller value of limit means
that fewer entries can be added to the IPv6 multicast routing table.
15.3.3 Configuring the IPv6 Multicast Border

Configure the IPv6 multicast border to restrict the transmission scope of multicast packets.
Working Principle
Configure the multicast border to specify the transmission scope of multicast packets. When the multicast forwarding border is
configured on an interface, multicast packets including multicast packets sent by the local device cannot be forwarded or received by
this interface.
Related Configuration

 Configuring the IPv6 Multicast Border
No multicast border is configured by default.
Run the ipv6 multicast boundary access-list-name [ in | out ] command to configure the multicast border.
15.3.4 Configuring IPv6 Multicast Static Routing

Configure IPv6 multicast static routing tospecify areverse pathforwarding (RPF) interfaceor RPF neighbor for multicast packetsfrom
a specificmulticast source.
Working Principle
The RPF check is conducted during forwarding of multicast packets. IPv6 multicast static routing can be configured to specify an RPF
interface or RPF neighbor for multicast packets from a specific multicast source.
Related Configuration
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Configuring IPv6 Multicast Static Routing

No multicast static routing is configured by default.
Run the ipv6 mroute ipv6-prefix/prefix-length [ bgp | isis | ospfv3 | ripng | static ] { ipv6-prefix | interface-type interface-number }
[ distance ] command to configure IPv6 multicast static routing.
15.3.5 Configuring Layer-2 Flow Direction Control for Multicast Streams

Configure Layer-2 flow direction control for multicast streams to control the forwarding behavior of multicast streams on ports.
Working Principle
Configure Layer-2 flow direction control for multicast streams to configure the ports that are allowed to forward multicast streams.
Then, multicast streams are forwarded only by the configured ports, thereby controlling Layer-2 forwarding of multicast streams.
Related Configuration



Configuring Layer-2 Flow Direction Control for Multicast Streams

Layer-2 flow direction control is disabled for multicast streams by default.
Run the ipv6 multicast static source-address group-address interface-type interface-number command to configure the Layer-2 flow
direction control for multicast streams.
15.3.6 Configuring RPF Route Selection According to the Longest Matching Principle

Among the three optimal routes selected from the multicast static routing table, Multiprotocol Border Gateway Protocol (MBGP)
routing table, and unicast routing table, select the optimal route with the longest subnet mask matching as the RPF route.
Working Principle
According to RPF rules, select a multicast static route, MBGP route, and unicast route used for the RPF check respectively from the
multicast static routing table, MBGP routing table, and unicast routing table.



If route selection according to the longest matching principle is configured, the route with the longest subnet mask matching is
selected out of the three routes as the RPF route. If the three routes share the same subnet mask, the route with the highest
priority is selected. If the three routes have the same priority, the RPF route is selected according to the sequence of multicast
static route, MBGP route, and unicast route.



If route selection according to the longest matching principle is not configured, the route with the highest priority is selected. If
the three routes have the same priority, the RPF route is selected according to the sequence of multicast static route, MBGP
route, and unicast route.

Related Configuration



Configuring RPF Route Selection According to the Longest Matching Principle

A route with the highest priority is selected as the RPF route by default. If the routes have the same priority, the RPF route is selected
according to the sequence of multicast static route, MBGP route, and unicast route.
Run the ipv6 multicast rpf longest-match command to configure RPF route selection according to the longest matching principle.
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15.4 Configuration
Configuration

Description and Command

Configuring IPv6 Multicast Basic
Functions

(Mandatory) It is used to create a multicast service.
ipv6 multicast-routing

Configuring the Number of Entries

Enables the IPv6 multicast routing function.

Optional.

That Can Be Added to the IPv6

Restricts the number of entries that can be

Multicast Routing Table

ipv6 multicast route-limit limit [ threshold ]

Configuring

ipv6 multicast boundary access-list-name Sets an interface as the multicast border of a

the

IPv6 Multicast

Border
Configuring IPv6 Multicast Static
Routing
Configuring Layer-2 Flow Direction
Control for Multicast Streams

[ in | out ]
ipv6

mroute

specific group range.
ipv6-prefix/prefix-length

[ protocol ] { v6rpf-addrress | interface-type

Configures IPv6 multicast static routing.

interface-number } [ distance ]
ipv6

multicast

group-address

static

source-address
interface-type

interface-number

Configuring RPF Route Selection
According to the Longest Matching

added to the multicast routing table.

ipv6 multicast rpf longest-match

Principle

Controls the flow direction of data streams on
Layer-2 ports.
Configures RPF route selection according to the
longest matching principle.

15.4.1 Configuring IPv6Multicast Basic Functions

Configuration Effect



Create a PIM network to provide the IPv6 multicast service for data sources and user terminals in the network.

Notes



The PIM network needs to use existing unicast routing in the network. Therefore, IPv6 unicast routing must be configured in the
network.

Configuration Steps



Enabling the IPv6 Multicast Routing Function



Mandatory.



Enable the IPv6 multicast routing function on each router unless otherwise specified.



Enabling an IP Multicast Protocol on Interfaces



Mandatory.



Enable the IPv6 multicast protocol function on interfaces unless otherwise specified.

Verification
Makemulticastsourcesinthenetworksendmulticastpacketsandmakeauserhostjointhegroups.



Check whether the user host can successfully receive packets from each group.
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Related Commands



Enabling the IPv6 Multicast Routing Function

Command

ipv6 multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

The IPv6 multicast routing function must be enabled before various IPv6 multicast protocols are enabled.
The IPv6 multicast routing function and the MLD snooping function are mutually exclusive.



Configuring IPv6 Multicast Protocols
For details about the MLD configuration method, see the Configuring MLD.
For details about the PIM-SMv6 configuration method, see the Configuring PIM-SMv6.
AftertheLayer-3multicast functionisenabled on aprivateVLAN and SuperVLAN, ifthere isamulticastsourceinthe sub-VLAN, an
entry needs to be additionally copied, with the inlet of the sub-VLAN where multicast streams enter because the validity check
needs to be conducted at the inlet during multicast packet forwarding. As a result, one more multicast hardware entry is occupied,
and the multicast capacity needs to be decreased by one.



Displaying Multicast Forwarding Table Information

Command

show ipv6 mroute [ group-or-source-address [ group-or-source-address ] ] [ sparse ] [ summary | count ]

Parameter

group-or-source-address: Indicates the group address or source address.

Description

group-or-source-address: Indicates the group address or source address.
sparse: Displays the core entry of the PIM-SMv6 multicast routing table.
summary: Displays the summary of IPv6 multicast routing entries.
count: Displays the count information about IPv6 multicast routing entries.

Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Creating the IPv6 Multicast Service on an IPv6 Network to Support PIMv6-SM

Scenario
Figure 2- 2
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Configuration
Steps



Configure an IPv6 unicast routing protocol (for example, OSPFv3) on routers.



Enable the IPv6 multicast routing function on all routers.



Enable the PIMv6-SM function on device interconnection interfaces, interface for connecting to the user host,
and interface for connecting to the multicast source.

A

A# configure terminal
A(config)# ipv6 multicast-routing
A(config)# interface gigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ipv6 pim sparse-mode
A(config-if)# exit
A(config)# interface gigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#ipv6 pim sparse-mode
A(config-if)# exit

B

B# configure terminal
B(config)# ipv6 multicast-routing
B(config)# interface gigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ipv6 pim sparse-mode
B(config-if)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)#ipv6 pim sparse-mode
B(config-if)# exit

Verification

A

Make Multicast Source (2001::1) send packets to G(ff16::16) and make Receiver A join G.



CheckmulticastpacketsreceivedbyReceiverA.ReceiverAshouldbeabletoreceivemulticastpacketsfromG.



Check the multicast forwarding table on Receiver A and Device B.

A# show ipv6 mroute

IPv6 Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface

(2001::1, ff16::16), uptime 00:03:12, stat expires 00:02:03
Owner PIMSMV6, Flags: TFS
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Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2
B

B# show ipv6 mroute

IPv6 Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface

(2001::1, ff16::16), uptime 00:00:23, stat expires 00:03:07
Owner PIMSMV6, Flags: TFR
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1
Common Errors



IPv6 unicast routing is incorrectly configured.



IPv6 multicast routing is not enabled on a router.



No IPv6 multicast protocol is enabled on an interface.

15.4.2 Configuring the Number of Entries That Can Be Added to the IPv6 Multicast Routing Table

Configuration Effect



Every multicast data packet received by the device is used to maintain relevant IPv6 multicast routing entries. Excessive
multicastrouting entries, however,may deplete the devicememory and degrade the deviceperformance. Userscanrestrict the
number of entries in the IPv6 multicast routing table based on the actual networking conditions and service performance
requirements.

Notes



The IPv6 multicast basic functions must be configured.

Configuration Steps



Restrict the number of entries in the IPv6 multicast routing table based on the actual networking conditions and service
performance requirements.

Verification
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Make multicast sources in the network send multicast packets to N different multicast groups and make a user host join these groups.
Set the number of entries that can be added to the IPv6 multicast routing table to N-1 on the device and check that multicast packets
received by the user host are from N-1 groups.
Related Commands

 Configuring the Number of Entries That Can Be Added to the IP Multicast Routing Table
Command

ipv6 multicast route-limit limit [ threshold ]

Parameter

limit: Indicates the number of multicast routing entries. The value ranges from 1 to 65,536 and the default value is

Description

1,024.
threshold: Indicates the multicast routing entry quantity for triggering an alarm. The default value is 65,536.

Command

Global configuration mode

Mode
Usage Guide

Routing entries that are beyond the allowable range of hardware can be forwarded only by software due to hardware
resource restrictions, making the performance deteriorate.

Configuration Example



Creating the IPv6 Multicast Service on an IPv6 Network and Configuring the Number of Entries That Can Be Added to
the IPv6 Multicast Routing Table

Scenario
Figure 2- 3

Configuration
Steps
B



Configure IP multicast basic functions (omitted).



Set the number of entries that can be added to the IP multicast routing table to 2 on Device B.

B# configure terminal
B(config)# ipv6 multicast route-limit 2

Verification

Make Multicast Source (2001: : 1) send packets to G1(ff16::16), G2(ff16::17), and G3(ff16::18) and make Receiver A join
G1, G2, andG3.



Check multicast packets received by Receiver A. Receiver A should be able to receive multicast packets from
two groups of G1, G2, and G3.
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A prompt is displayed when the number of entries in the multicast routing table reaches the upper limit.
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A

A# show ipv6 mroute

IPv6 Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface

(2001::1, ff16::16), uptime 00:01:01, stat expires 00:02:29
Owner PIMSMV6, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2

(2001::1, ff16::17), uptime 00:01:01, stat expires 00:02:29
Owner PIMSMV6, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2

(2001::1, ff16::18), uptime 00:00:57, stat expires 00:02:33
Owner PIMSMV6, Flags: TFS
Incoming interface: GigabitEthernet 0/1
Outgoing interface list:
GigabitEthernet 0/2
B

B# show ipv6 mroute

IPv6 Multicast Routing Table
Flags: I - Immediate Stat, T - Timed Stat, F - Forwarder installed,
R - RPT, S - SPT, s - SSM Group
Timers: Uptime/Stat Expiry
Interface State: Interface

(2001::1, ff16::16), uptime 00:00:29, stat expires 00:03:01
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Owner PIMSMV6, Flags: TFR
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1

(2001::1, ff16::17), uptime 00:00:29, stat expires 00:03:01
Owner PIMSMV6, Flags: TFR
Incoming interface: GigabitEthernet 0/2
Outgoing interface list:
GigabitEthernet 0/1
A prompt is displayed when the number of entries in the multicast routing table reaches the upper limit.
B#* Jan 3 21:40:07: %MROUTE-4-ROUTELIMIT: IPv6 Multicast route limit 2 exceeded..
Common Errors



IPv6 unicast routing is incorrectly configured.

15.4.3 Configuring the IPv6 Multicast Border

Configuration Effect



Configure the IPv6 multicast border to restrict the transmission scope of multicast packets.

Notes



The IPv6 multicast basic functions must be configured.

Configuration Steps



Configure the IPv6 multicast border on each PIM router interface unless otherwise specified.

Verification
Make multicast sources send multicast packets to multicast groups and make a user host join these multicast groups. Configure the
IPv6 multicast border on the PIM router interface connected to the user host and check whether the user host can receive multicast
packets.
Related Commands

 Enabling the IPv6 Multicast Routing Function
Command

ipv6 multicast boundary access-list-name [ in | out ]

Parameter

access-list-name: Uses the group address range defined by an access control list (ACL).

Description

in: Indicates that the multicast border takes effect in the incoming direction of multicast streams.
out: Indicates that the multicast border takes effect in the outgoing direction of multicast streams.

Command

www.fs.com

Interface configuration mode

1401

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Mode
Usage Guide

The ACL referenced in this command can be a standard ACL or an extended ACL. If an extended ACL is used, only
destination addresses need to be matched.
This command can be used to filter MLD and PIM-SMv6 protocol packets relevant to the IPv6 multicast group range.
Multicast data streams are not transmitted or received by multicast border interfaces.

Configuration Example



Creating the IPv6 Multicast Service on an IPv6 Network and Configuring the IPv6 Multicast Border

Scenario
Figure 2- 4

Configuration



Configure IP multicast basic functions (omitted).

Steps



Configure an ACL on Device A.



Configure the IP multicast border on Interface Gi0/1 of Device A.

A

A# configure terminal
A(config)# ipv6 access-list ip_multicast
A(config-ipv6-acl)#deny udp any any
A(config-ipv6-acl)#exit
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip multicast boundary ip_multicast A
A(config-if-GigabitEthernet 0/1)# exit

Verification

Make Multicast Source (192.168.1.100) send packets to G (233.3.3.3) and make Receiver A join G.


A

Run the debug ipv6 pim sparse-mode events command to debug multicast events in SM mode.

A# debug ipv6 pim sparse-mode events
Dec 28 11:54:07: %7: No cache message: src 2001::1 for ff16::16 vif 1
*Dec 28 11:54:07: %7: Ignore No cache message: src 2001::1 for ff16::16 vif 1 in PIM6_BOUNDARY_FLT_BOTH range

Common Errors



IPv6 unicast routing is incorrectly configured.

www.fs.com

1402

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

15.4.4 Configuring IPv6 Multicast Static Routing

Configuration Effect



ConfigureIPv6multicaststaticroutingtospecifyanRPFinterfaceorRPFneighbor formulticastpacketsfromaspecificmulticast
source.

Notes



The IPv6 multicast basic functions must be configured.

Configuration Steps



Configure IPv6 multicast static routing on each device unless otherwise specified.

Verification
Configure IPv6 multicast static routingand then run the showipv6 rpf v6source-address command tocheck RPF information about a
specific multicast source.
Related Commands



Configuring IPv6 Multicast Static Routing

Command

ipv6 mroute ipv6-prefix/prefix-length [ protocol ] { v6rpf-addrress | interface-type interface-number } [ distance ]

Parameter

ipv6-prefix: Indicates the IPv6 address of a multicast source.

Description

prefix-length: Indicates the subnet mask of the IPv6 address of the multicast source.
protocol: Indicates the unicast routing protocol that is being used currently.
v6rpf-addrress: Indicates the IPv6 address of the RPF neighbor (next hop to the multicast source).
interface-type interface-number: Indicates the RPF interface (outbound interface to the multicast source).
distance: Indicates the route management distance. The value ranges from 0 to 255 and the default value is 0.

Command

Global configuration mode

Mode
Usage Guide

IPv6 multicast static routing is used only for the RPF check.
To specify the outbound interface rather than the next-hop IP address of IPv6 static multicast routing, the outbound
interface must be of the point-to-point type.



Displaying RPF Information About a Specific Source Address

Command

show ipv6 rpf v6source-address

Parameter

v6source-address: Indicates the IPv6 source address.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
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Creating the IPv6 Multicast Service on an IPv6 Network and Configuring IPv6 Multicast Static Routing

Scenario
Figure 2- 5

Configuration



Configure IPv6 multicast basic functions (omitted).

Steps



Configure a static route to the receiver on Device B.

A

B# configure terminal
B(config)# ipv6 mroute 2005::/64 ospfv3 2002::2

Verification

Run the show ipv6 rpf command to display the RPF information received by the receiver before and after
configuration.

Before
Configuration

B# show ipv6 rpf 2005::1
RPF information for 2005::1
RPF interface: GigabitEthernet 0/1
RPF neighbor: fe80::2d0:f8ff:fe22:341b
RPF route:2005::1/128
RPF type: unicast (ospf)
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 110
Metric: 1

After
Configuration

B# show ipv6 rpf 2005::1
RPF information for 2005::1
RPF interface: GigabitEthernet 0/2
RPF neighbor:2002::2
RPF route: 2005::/64
RPF type: unicast (ospf)
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 110
Metric: 1

Common Errors



IPv6 unicast routing is incorrectly configured.
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IPv6 multicast routing is not enabled on a router.

15.4.5 Configuring Layer-2 Flow Direction Control for Multicast Streams

Configuration Effect
Configure Layer-2 flow direction control for multicast streams to control the forwarding behavior of multicast streams on ports.
Notes



The IPv6 multicast basic functions must be configured.

Configuration Steps



Configure Layer-2 flow direction control for multicast streams on devices unless otherwise specified.

Verification
Make Device A send multicast packets to multicast groups in the network. Multiple user hosts connected to VLAN 1 of Device A
receive multicast packets from these multicast groups. Configure Layer-2 flow direction control for multicast streams on Device A so
that multicast packets are sent to configured ports.
Related Commands



Configuring Layer-2 Flow Direction Control for Multicast Streams

Command

ipv6 multicast static source-address group-address interface-type interface-number

Parameter

source -address: Indicates the multicast source address.

Description

group-address: Indicates the multicast group address.
interface-type interface-number: Indicates a Layer-2 port that is allowed to forward multicast streams.

Command

Global configuration mode

Mode
Usage Guide

Multiple commands can be configured for a multicast stream, that is, multiple ports can be allowed to forward the
multicast stream. If flow direction control is configured for a multicast stream, the multicast stream can be forwarded
only by the configured ports. Other ports are not allowed to forward the multicast stream.
This command controls only the forwarding behavior of multicast streams on ports. It does not directly affect
processing of protocol packets by multicast protocols. Some features of multicast protocols (such as PIM-SMv6) are
driven by multicast data streams, and therefore, the behavior of the multicast routing protocols may still be affected.

Configuration Example



Creating the IPv6 Multicast Service on an IPv6 Network and Configuring Layer-2 Flow Direction Control for Multicast
Streams
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Scenario
Figure 2- 6

Configuration



Configure IP multicast basic functions (omitted).

Steps



Configure Layer-2 flow direction control for multicast streams on Device B so that multicast streams are
transmitted only to Interface Gi0/2.

B

A# configure terminal
A(config)# ipv6 multicast static 2001::1 ff16::16 gigabitEthernet 0/2

Verification

Make Multicast Source (2001: : 1) send packets to G (ff16::16) and make Receiver A and Receive B join G.



Receiver Ashould be able to receive multicastpackets from Gbut Receiver B cannot receive multicast packets
from G.

Common Errors



IPv6 unicast routing is incorrectly configured.

15.4.6 Configuring RPF Route Selection According to the Longest Matching Principle

Configuration Effect
Among the three optimal routes selected from the multicast static routing table, MBGP routing table, and unicast routing table, select
the optimal route with the longest subnet mask matching as the RPF route.
Notes



The IP multicast basic functions must be configured.

Configuration Steps



Configure RPF route selection according to the longest matching principle on each device unless otherwise specified.

Verification
Configure a multicast static route and a unicast static route with the same priority and configure the unicast static route to have the
longest subnet maskmatching.



Run the show ipv6 rpf v6source-address command to check RPF information about a specific source.

Related Commands



Configuring RPF Route Selection According to the Longest Matching Principle
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Command

ipv6 multicast rpf longest-match

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

The steps of selecting an RPF route are as follows:
Select one optimal route used for the RPF check from each of the IPv6 multicast static routing table, IPv6 MBGP
routing table, and IPv6 unicast routing table.
Select one route out of the three optimal routes as the RPF route.
If the command for selecting the RPF route according to the longest matching principle is configured, the route with
the longest subnet mask matching is selected out of the three optimal routes as the RPF route. If the three routes
share the same subnet mask, the route with the highest priority is selected. If the routes have the same priority, the
RPF route is selected according to the sequence of IPv6 multicast static route, IPv6 MBGP route, and IPv6 unicast
route.
If the command for selecting the RPF route according to the longest matching principle is not configured, the route
with the highest priority is selected out of the three optimal routes as the RPF route. If the routes have the same
priority,theRPFrouteisselectedaccordingtothesequenceofIPv6multicaststaticroute,IPv6MBGProute, andIPv6
unicast route.

Configuration Example



Creating the IPv6 Multicast Service on the IPv6 Network and Configuring the RPF Route Selection According to the
Longest MatchingPrinciple

Scenario
Figure 2- 7

Configuration



Configure IP multicast basic functions (omitted).

Steps



Configure an IPv6 multicast static route with the subnet mask length smaller than that of the unicast route on
Device B.


B

Configure the RPF route selection according to the longest matching principle on Device B.

B# configure terminal
B(config)# ipv6 multicast-routing
B(config)# ipv6 mroute 2005::/64 ospfv3 2002::2
B(config)# ipv6 multicast rpf longest-match

Verification

Run the show ipv6 rpf command to display the RPF information about the multicast source before and after RPF
route selection according to the longest matching principle is configured.

Before
Configuration
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B# show ipv6 rpf 2005::1

1407

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

RPF information for 2005::1
RPF interface: GigabitEthernet 0/2
RPF neighbor:2002::2
RPF route: 2005::/64
RPF type: unicast (ospf)
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 110
Metric: 1
After
Configuration

B# show ipv6 rpf 2005::1
RPF information for 2005::1
RPF interface: GigabitEthernet 0/1
RPF neighbor: fe80::2d0:f8ff:fe22:341b
RPF route:2005::1/128
RPF type: unicast (ospf)
RPF recursion count: 0
Doing distance-preferred lookups across tables
Distance: 110
Metric: 1

Common Errors



IPv6 unicast routing is incorrectly configured.



IPv6 multicast routing is not enabled on a router.

15.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the IPv6 multicast forwarding

clear ipv6 mroute { * | v6group-address [ v6source –address ] }

table.
Clears the statistics in the IPv6 multicast

clear ipv6 mroute statistics { * | v6group-address [ v6source-address ] }

forwarding table.
Displaying
Description

Command

Displays the IPv6 multicast forwarding

show ipv6 mroute [ group-or-source-address [ group-or-source-address ] ] [sparse ]
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table information.

[ summary | count ]

Displays RPF information about a

show ipv6 rpf v6source-address

specific IPv6 source address.
show ipv6 mroute static

Displays information the IPv6 static
multicast route.
Displays

information

about

the

show ipv6 mvif [ interface-type interface-number ]

configured IPv6 multicast interface that
takes effect.
Displays the IPv6 Layer-3 multicast

show ipv6 mrf mfc

forwarding table.
Displays the IPv6 multi-layer multicast

show msf6 msc

forwarding table.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs all running processesof the IPv6 debug nsm mcast6 all
multicast.
Debugs the communication between

debug nsm mcast6 fib-msg

the IPv6 multicast and the protocol
module.
Debugs the interface running of the

debug nsm mcast6 mif

IPv6 multicast.
Debugs the processing of interfaces and debug nsm mcast6 stats
behavior statistics of the IPv6 multicast.
Debugs

the

Layer-3

multicast

debug ipv6 mrf forwarding

forwarding of IPv6.
Debugs the operation process of IPv6

debug ipv6 mrf mfc

Layer-3 multicast forwarding entries.
Debugs the processing of IPv6 Layer-3 debug ipv6 mrf event
multicast forwarding events.
Debugs

the

forwarding

of

IPv6 debug msf6 forwarding

multi-layer multicast packets.
Debugs the operation process of IPv6

debug msf6 mfc

multi-layer multicast forwarding entries.
Debugs the underlying hardware for

debug msf6 ssp

IPv6 multi-layer multicast forwarding.
Debugs the APIs for IPv6 multi-layer

debug msf6 api

multicast forwarding.
Debugs

the

processing of

IPv6 debug msf6 event

multi-layer multicast forwarding events.
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16 Configuring IGMP
16.1 Overview
The Internet Group Management Protocol (IGMP) is a member of TCP/IP protocol family. It manages IP multicast members and is used
toestablish and maintain multicast group membership between hosts and directly neighboring multicast routers. IGMP behaviors are
classified into host behaviors and device behaviors.



At present, three IGMP versions are available, which are IGMPv1, IGMPv2 and IGMPv3.



All IGMP versions support the Any-Source Multicast (ASM) model.



IGMPv3 can be directly used for the Source-Specific Multicast (SSM) model.



IGMPv1 and IGMPv2 can be used for the SSM model only when the IGMP SSM Mapping technology is supported.

Protocols and Standards



RFC 1112: Host Extensions for IP Multicasting



RFC 2236: Internet Group Management Protocol, Version 2



RFC 3376: Internet Group Management Protocol, Version 3



RFC 4605: Internet Group Management Protocol (IGMP) / Multicast Listener Discovery
(MLD)-Based Multicast Forwarding ("IGMP/MLD Proxying")

16.2 Applications
Application

Description

Local IGMP Service

Implements the IGMP service in a local network.

IGMP Proxy Service

In a simple tree network topology, use the IGMP proxy service instead of the PIM service.

16.2.1 Local IGMP Service

Scenario
As shown in Figure 3- 1, receivers 1 and 2 and routers A and B form a local network.
QuerypacketssentbyrouterAorBarevalidintheLAN,whereasReportpacketssentbyreceivers1and 2arealsovalidlocally.
Figure 3-1

Remarks
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A and B are core routers.
Deployment



Routers A, B and C run OSPF.



The interfaces of A, B and C run multicast protocols (PIM-SM or PIM-DM).

16.2.2 IGMP Proxy Service

Scenario
As shown in Figure 3- 2, router A implements the proxy function working as a host and forms a local network group with router B.
Router A forwards Report packets sent by receivers 1 and 2.
Figure 3- 2

Remarks

Router A implements the proxy function.
Router B provides the PIM service.

Deployment



Routers A and B run OSPF.



The interfaces of A and B run multicast protocols (PIM-SM or PIM-DM).



The multicast proxy function is implemented on the interfaces Gi0/0 and Gi0/1 of router A.

16.3 Features
Basic Concepts



Host Behavior and Device Behavior



Layer-3 multicast devices that run multicast management protocols are called devices and their behaviors are called device
behaviors.



PCs or simulated PCs that run multicast management protocols are called hosts and their behaviors are called host behaviors.



Querier



Devices compete against each other by comparing IP addresses. Devices with lower IP addresses become queriers and send
Query packets regularly.



IGMP Proxy-Service Interface
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This interface performs host behaviors, receives Query packets sent by upstream devices (hence also called uplink interface),
and sends Report information collected by the router proxy.



IGMP Mroute–Proxy Interface



This interface implements the router functions, sends packets received by the IGMP PROXY-SERVICE interface (hence also called
downlinkinterface), and collects host information and sends thehost information tothe IGMPPROXY-SERVICE interface.



IGMP SSM Mapping



Mapping of the SSM model. IGMPv1 and IGMPv2 do not support the SSM model, but can enable the SSM-MAP function to
support the SSMmodel.

Overview
Feature

Description

IGMP Router

Sends Query packets and obtains local member information.

IGMP Querier

Selects a unique querier from a network segment.

IGMP Group Filtering

Filters group members and limit the number of group members.

Static IGMP Group

Static group information is available on a router; therefore, it is unnecessary for the host to send a Report
packet to obtain the static group information.

Simulating Hosts to

Simulate the host behavior to directly join a multicast group on an interface.

Join IGMP Groups
IGMP Proxy

Use this function in a simple tree network topology where no complex multicast route protocols (such as PIM)
need to be executed.

IGMP SSM Mapping

Provide the SSM model support for IGMPv1 and IGMPv2. When a host joins a group, you can specify a source
to save bandwidth and prevent unwanted and invalid multicast data streams from occupying network
bandwidth, especially in a network environment where multiple multicast sources share one multicast
address.

Router Alert Option

CheckswhetherIGMPpacketscontaintheRouterAlertoptionanddiscardsthepacketswithouttheRouter
Alert option.
Sends IGMP packets with the Router Alert option.

16.3.1 IGMP Router



This function is used to send Query packets and obtain local member information.

Working Principle



InamulticastnetworkrunningtheIGMP,amulticastdeviceperiodicallysendsIGMPQuerypacketsandconfirmsinformation
about local members based on responses.



Onlyone multicastdevicesendsIGMPQuerypacketsinonenetworksegment and thisdeviceiscalledquerier.Thequerieris
determined by means of selection. Initially, all multicast devices are in the Querier state. When a device receives a membership
queryfromadevicewithalowerIPaddress,thedevicechangesfromtheQuerierstatetotheNon-querier state.Therefore,only
one device is in the Querier state finally.This device has the lowest IP address among all multicast devices in the network.



The querier sends IGMPpackets of different versions based on the IGMPversion settings. In addition, the followingquerier
parameterscanbemodified: frequencyforthequeriertosendIGMPQuerypackets,query timesandqueryinterval for thelast
member, maximum response time of IGMP Query packets, and keepalive time of the existing querier.
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Related Configuration



Enabling IGMP

IGMP is disabled on an interface by default.
Youcanruntheippim{sparse-mode|dense-mode}commandtoenableordisableIGMPforaninterface.
IGMPcan be enabled only when SparseMode (SM) or Dense Mode (DM) is configured on the interface.



Specifying the IGMP Version

IGMPv2 is enabled by default.
You can run the ip igmp version { 1 | 2 | 3 } command to set or reset the IGMP version.



Configuring the Last-Member Query Interval

The interval for sending the last-member Query packets is 1s by default.
You can run the ip igmp last-member-query-interval interval command to set or reset the interval for an interface to send Query
packets.
A larger value means a larger interval; a smaller value means a smaller interval.



Configuring the Last-Member Query Times

The number of the last-member query times is 2 by default.
Youcan run the ipigmplast-member-query-count count command toset or reset thenumber of thelast-member query times.
A larger value means more last-member query times; a smaller value means fewer last-member query times.



Configuring the Common Member Query Interval

The common member query interval is 125s by default.
You can run the ip igmp query-interval seconds command to set or reset the common member query interval.
A larger value means a larger common query interval; a smaller value means a smaller common query interval.



Configuring the Maximum Response Time

The maximum response time is 10s by default.
You can run the ip igmp query-max-response-time seconds command to set or reset the maximum response time.
A larger value means longer response time; a smaller value means shorter response time.
16.3.2 IGMP Querier

Select a unique querier from a network segment. The querier sends Query packets to obtain group information of the local network.
Working Principle
In a multicast network running IGMP, a multicast device is specified for sending IGMP Query packets. This device is determined
through selection. At the beginning, all devices are in the Querier state. When the devices receive membership queries from a device
with a lower IP address, the devices change from the Querier state to the Non-querier state. Therefore, only one device is in the
Querier statefinally.Thisdevicehas thelowest IPaddressamong all multicastdevices inthe network.Whenthe selected querier fails,
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IGMPv2 also works. Non-querier devices maintain the interval timer for survival of querier. This timer is reset each time a device
receives a membership Query packet. If the timer expires, a new round of querier selection starts.
Related Configuration



Configuring the Querier Timeout

The querier timeout is 255s by default.
Youcan runthe ipigmpquery-timeout seconds commandto setthe querier timeout.
A larger value means longer survival time; a smaller value means shorter survival time.
16.3.3 IGMP Group Filtering

Filter group members and limit the number of group members.
Working Principle
To prevent hosts in a network segment where an interface resides from joining a multicast group, you can configure an ACL on this
interface as a filter. The interface will filter the received IGMP membership Report packets based on this ACL, maintain group
membership only for multicast groups allowed by this ACL and set the maximum number of router members.
Related Configuration



Configuring the IGMP Group ACL

By default, no ACL is used and any group is allowed to join.
You can run the ip igmp access-group access-list-name command to set or reset the multicast group ACL.
After the ACL is configured, a router receives only packets set in the ACL.



Configuring the Maximum Number of IGMP Group Members

The maximum number of IGMP group members is 1,024 by default.
Youcan run the ip igmp limit number command to set or reset the maximum number of multicast group members.
A larger value means more members; a smaller value means fewer members.
16.3.4 Static IGMP Group

When static IGMP groups are available on a router, it is unnecessary for the host to send a Report packet to obtain the static group
information. The router can directly exchange group information with a PIM router.
Working Principle
You need to set static group information manually.
Related Configuration



Configuring a Static Group

No static group is configured by default.
You can run the ip igmp static-group group-address command to configure a static group.
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16.3.5 Simulating Hosts to Join IGMP Groups

Simulate the host behavior to directly join a multicast group on an interface.
Related Configuration



Configuring the Join-Group function

No join-group information is set by default.
You can run the ip igmp join-group group-address command to configure the address of the multicast group to be joined by the
simulated host.
16.3.6 IGMP Proxy

Use this function in a simple tree network topology where no complex multicast route protocols (such as PIM) need to be executed. In
this way, a downstream proxy host can send IGMP packets and maintain the membership.
Working Principle
When an upstream router is configured as an IGMP proxy-service interface, it is equal to a host that can receive Query packets sent by
upstream routers or forward group information sent by downstream hosts. When a downstream router is configured as an IGMP
multicast proxy interface, it is equal to a router that can forward Query packets sent by upstream routers or receive Report packets
sent by downstreamrouters.
Related Configuration



Configuring the IGMP Proxy Service

The IGMP proxy service function is disabled by default.
You can run the ip igmp proxy-service command to enable the IGMP proxy service.
This function is mandatory when a proxy is to be used.



Configuring the IGMP Mroute Proxy

The IGMP mroute proxy function is disabled by default.
Youcanruntheipigmpmroute-proxyinterfacenamecommandtoenabletheIGMPmrouteproxy.
This function is mandatory when a proxy is to be used.
16.3.7 IGMP SSM Mapping

Provide the SSM model support for IGMPv1 and IGMPv2. When a host joins a group, you can specify a source to save bandwidth and
prevent unwanted and invalid multicast data streams from occupying network bandwidth, especially in a network environment
where multiple multicast sources share one multicast address.
Working Principle
Based on IGMP v1/v2, IGMPv3 provides an extra function, namely, the multicast source filter function. In IGMPv1/v2, a host determines
to join a group only based on the group address and then receive multicast streams sent to this group address from any source. A host
using IGMPv3 advertises the multicast group that the host wants to join and the addresses of multicast sources from which this host
wants to receive packets. IGMPv1 and IGMPv2 also implement "source address filtering" in some sense; however, they implement this
function on the multicast receivers by enabling the SSM mapping function and configuring the static SSM mapping group.
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Related Configuration



Enabling IGMP SSM Mapping

The SSM mapping function is disabled by default.
Youcan run the ip igmp ssm-map enable command to enable the function.
Mandatory.



Configuring Static IGMP SSM Mapping

No static SSM mapping is set by default.
You can run the ip igmp ssm-map static access-list-num A.B.C.D command to configure static SSM mapping.
16.3.8 Router Alert Option

CheckwhetherIGMPpacketscontaintheRouter Alertoptionand discardpacketswithout theRouterAlert option.
Support sending IGMP packets containing the Router Alert option.
Working Principle
If a packet contains the Router Alert option, the device needs to check the packet in depth and updates the control data accordingly.
If the packet does not contain the option, the device does not check the packet.
After Router Alert option check is enabled, the IGMP packets not containing the Router Alert option are discarded.
After enabled with the function of sending packets with Router Alert option, the device sends IGMP packets withRouter Alert option
encapsulated.
Related Configuration



Checking Router Alert Option

Router Alert option check is disabled by default.
You can run the ip igmp enforce-router-alert command to enable the function.



Sending IGMP Packets with Router Alert Option Encapsulated

Packets are sent without the Router Alert option by default.
You can run the ip igmp send-router-alert command to enable the function.

16.4 Configuration
Configuration
Configuring

Description and Command
IGMP

Basic

Functions

Configuring IGMP Routers

(Mandatory) It is used to set up the multicast service.
ip multicast-routing

Enables the IPv4 multicast routing function.

ip pim { sparse-mode| dense-mode }

Enables the PIM-SM or PIM-DM function.

ip igmp version { 1 | 2 | 3 }

Specifies the IGMP version.

ip igmp last-member-query-interval
interval
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ip igmp last-member-query-count count

Configures the last-member query times.

ip igmp query-interval seconds

Configures the membership query interval.

ip igmp query-max-response-time
seconds
Configuring IGMP Querier
Configuring

IGMP

Group

Filtering

Configuring IGMP Proxy

ip igmp query-timeout seconds

Configures the querier timeout.

ip igmp access-group access-list

Configures the IGMP group ACL.

ip igmp limit number

Configures the maximum number of IGMP

[ except access-list ]

group members.

ip igmp proxy-service

Configures the IGMP proxy service.

ip

igmp

mroute-proxy

interface-type

interface-number
Configuring

IGMP

Mapping

SSM

Configures the maximum response time.

Configures the IGMP mroute proxy.

ip igmp ssm-map enable

Enables IGMP SSM mapping.

ipigmpssm-mapstaticaccess-listsource-address

Configures static IGMP SSM mapping.

ip igmp enforce-router-alert
Configuring Alert Option
ip igmp send-router-alert

Checks the Router Alert option.
Sends IGMP packets containg the Router Alert
option.

16.4.1 Configuring IGMP Basic Functions

Configuration Effect



Enable the multicast routing function of a local network and collect group information of the local network.

Notes



An interface must be enabled with the PIM-SM or PIM-DM function.

Configuration Steps



Enabling the IPv4 Multicast Routing Function



Mandatory.



If there is no special requirement, the IPv4 multicast routing function should be enabled on each router in the local network.



Enabling the PIM-SM or PIM-DM Function



Mandatory.



If there is no special requirement, the PIM-SM or PIM-DM function should be directly enabled on an interface of the local
network.

Verification
Run the show ip igmp interface interface-type interface-number command to check whether IGMP is enabled on the interface.
Related Commands



Enabling the IPv4 Multicast Routing Function

Command
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Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling the PIM-SM or PIM-DM Function

Command

ip pim { sparse-mode| dense-mode }

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

PIM interfaces must be layer-3 interfaces, including routing interfaces, L3AP, SVI and loopback interfaces.
All PIM interfaces should be accessible to IPv4 unicast routes.

Configuration Example



Enabling IGMP for a Local Network

Scenario



Configurean IPv4 unicastrouting protocol (such as OSPF) on a router and ensurethat the loopbackinterface is
accessible to a unicast route.



Enable the IPv4 multicast route function on all routers.



Enable the PIM-SM or PIM-DM function on interfaces interconnecting devices and interfaces connecting user
hosts andmulticast sources.

VSU(config)#ip multicast-routing
VSU(config)#int gi 0/5
VSU(config-if-GigabitEthernet 0/5)#ip add 192.168.1.90 255.255.255.0
VSU(config-if-GigabitEthernet 0/5)#ip pim sparse-mode
Verification

Runtheshowipigmpinterface interface-typeinterface-numbercommandtocheckwhetherIGMPisenabled onthe
interface.
VSU#show ip igmp interface gigabitEthernet 0/5
Interface GigabitEthernet 0/5 (Index 5)
IGMP Active, Querier,Version 2 (default)
Internet address is 192.168.1.90
IGMP interface limit is 1024
IGMP interface has 1 group-record states
IGMP interface has 0 static-group records
IGMP activity: 3 joins, 0 leaves
IGMP query interval is 125 seconds
IGMP querier timeout is 255 seconds
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IGMP max query response time is 10 seconds
Last member query response interval is 10
Last member query count is 2
Group Membership interval is 260 seconds
Robustness Variable is 2
Common Errors



Routers in the network are not enabled with the multicast routing function.



No multicast interface is available in the network.

16.4.2 Configuring IGMP Routers

Configuration Effect



Modify the IGMP router parameters will affect the type of packets to be sent and the sending method.

Notes



The basic functions of IGMP must be configured.

Configuration Steps



Specifying the IGMP Version

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.



Configuring the Last-Member Query Interval

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.



Configuring the Last-Member Query Times

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.



Configuring the Common Member Query Interval

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.



Configuring the Maximum Response Time

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.
Verification
Run the show ip igmp interface interface-type interface-number command to display the interface configurations.
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Related Commands



Specifying the IGMP Version

Command

ip igmp version { 1 | 2 | 3 }

Parameter

1: Indicates IGMPv 1.

Description

2: Indicates IGMPv 2.
3: Indicates IGMPv 3.

Command

Interface configuration mode

Mode
Usage Guide



After this command is configured, IGMP will automatically restart.

Configuring the Last-Member Query Interval

Command

ip igmp last-member-query-interval interval

Parameter

Interval: Indicates the interval for sending the Query packets of a specific group. The value ranges from 1 to 255 in the

Description

unit of 0.1s, and the default value is 10 (namely, 1s).

Command

Interface configuration mode

Mode
Usage Guide

This command applies only to IGMPv2 or IGMPv3.
Whenan interfacereceives aLeave packet,the interfacesends Query packetsof the group continually and waitsfora
response from the host. After timeout occurs, the IGMP router assumes that the group member does not exist in the
directly connected network segment and deletes the interface from the IGMP group. The timeout duration is equal to
the value of last-member-query-interval multiplied by last-member-query-count plus 1/2 of query-maxresponse-time.



Configuring the Last-Member Query Times

Command

ip igmp last-member-query-count count

Parameter

count: Indicates the times for sending the Query packets of a specific group, ranging from 2 to 7. The default value is

Description

2.

Command

Interface configuration mode

Mode
Usage Guide

This command applies only to IGMPv2 or IGMPv3.
Whenan interfacereceives aLeave packet,the interfacesends Query packetsof the group continually and waitsfora
response from the host. After timeout occurs, the IGMP router assumes that the group member does not exist in the
directly connected network segment and deletes the interface from the IGMP group. The timeout duration is equal to
the value of last-member-query-interval multiplied by last-member-query-count plus 1/2 of
query-max-response-time.



Configuring the Common Member Query Interval

Command

ip igmp query-interval seconds

Parameter

seconds: Indicates the common member query interval, ranging from 1 to 18,000s. The default value is 125.

Description
Command

Interface configuration mode

Mode
Usage Guide

www.fs.com
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Configuring the Maximum Response Time

Command

ip igmp query-max-response-time seconds

Parameter

seconds: Indicates the maximum response time, ranging from 1 to 25s. The default value is 10.

Description
Command

Interface configuration mode

Mode
Usage Guide

After sending Query packets, the interface waits for a response. If timeout occurs, the IGMP router assumes that the
group member does not exist in the directly connected network segment and deletes the group information.

Configuration Example



Configuring Basic Router Parameters

Scenario



Configure basic functions of IGMP.



Specify the IGMPv3.



Configure the last-member query interval to 15 (1.5s).



Configurethenumber ofthe last-memberqueries to3.



Configurethecommonmemberqueryintervalto130s.



Configure the maximum response time to 15s.

VSU(config-if-GigabitEthernet 0/5)#ip igmp version 3
VSU(config-if-GigabitEthernet 0/5)#ip igmp last-member-query-count 3
VSU(config-if-GigabitEthernet 0/5)#ip igmp last-member-query-interval 15
VSU(config-if-GigabitEthernet 0/5)#ip igmp query-interval 130
VSU(config-if-GigabitEthernet 0/5)#ip igmp query-max-response-time 15
Verification

Run the show ip igmp interface interface-type interface-number command to check the IGMP functions of the
interface.
VSU#show ip igmp interface gigabitEthernet 0/5
Interface GigabitEthernet 0/5 (Index 5)
IGMP Enabled, Active, Querier, Version 3
Internet address is 192.168.1.90
IGMP interface limit is 1024
IGMP interface has 1 group-record states
IGMP interface has 0 static-group records
IGMP activity: 3 joins, 0 leaves
IGMP query interval is 130 seconds
IGMP querier timeout is 267 seconds
IGMP max query response time is 15 seconds
Last member query response interval is 15
Last member query count is 3
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GroupMembershipinterval is275 seconds
Robustness Variable is 2
VSU#
Common Errors



The basic functions of IGMP are not enabled.

16.4.3 Configuring IGMPQuerier

Configuration Effect



Select a unique querier in a local network.

Notes



The basic functions of IGMP must be configured.

Configuration Steps



If necessary, the querier timeout can be configured.



If there is no special requirement, you can perform the configuration on all interfaces enabled with IGMP in the local network.

Verification
Run the show ip igmp interface interface-type interface-number command to display the interface configurations.
Related Commands



Configuring the Querier Timeout

Command

ip igmp query-timeout seconds

Parameter

seconds: Indicates the keepalive time of the querier, ranging from 60 to 300s. The default value is 255s.

Description
Command

Interface configuration mode

Mode
Usage Guide

After sending Query packets, an interface waits for Query packets sent by other devices. If timeout occurs, the IGMP
router assumes that the querier is unique in the directly connected network segment.

Configuration Example



Configuring the Querier Timeout

Scenario



Configure basic functions of IGMP.



Set the querier timeout to 280S.

VSU(config-if-GigabitEthernet 0/5)#ip igmp query-timeout 280
Verification

Run the show ip igmp interface interface-type interface-number command to check the IGMP functions of the
interface.
VSU#show ipigmp interface gigabitEthernet 0/5
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Interface GigabitEthernet 0/5 (Index 5)
IGMP Enabled, Active, Querier, Version 3
Internet address is 192.168.1.90
IGMP interface limit is 1024
IGMP interface has 1 group-record states
IGMP interface has 0 static-group records
IGMP activity: 11 joins, 0 leaves
IGMPquery intervalis130 seconds
IGMP querier timeout is 280 seconds
IGMP max query response time is 15 seconds
Last member query response interval is 15
Last member query count is 3
GroupMembershipinterval is275 seconds
Robustness Variable is 2

VSU#
Common Errors



The basic functions of IGMP are not enabled.

16.4.4 Configuring IGMP Group Filtering

Configuration Effect



A router filters IGMP group members.

Notes



The basic functions of IGMP must be configured.

Configuration Steps



Configuring the IGMP Group ACL

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.



Configuring the Maximum Number of IGMP Group Members

Optional.
If there is no special requirement, you can perform this configuration on all router interfaces directly connected to the local network.
Verification



IGMP Group ACL
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Configure an interface to allow only groups in ACL 1 to join. The access addresses of ACL 1 are 225.0.0.1~225.0.0.255.



Configure the interface to join a group whose address is 225.0.0.5.



Configure the interface to join a group whose address is 236.0.0.5.



View the group information of the current interface.



Maximum Number of IGMP Group Members



Set the maximum member quantity to 5 on an interface.



Configure the interface to join a group whose address is from 225.0.0.5 to 225.0.0.10.



View the group information of the interface.

Related Commands



Configuring the IGMP Group ACL

Command

ip igmp access-group access-list

Parameter

access-list:Definesagroupaddressrange byusingastandardIPACLoranextendedACL.Thevaluerangesfrom1to

Description

199, 1300 to 2699 and characters.

Command

Interface configuration mode

Mode
Usage Guide

Configure this command on an interface to control the groups that hosts in a directly connected network segment
can join. Use an ACL to limit the group address range. If Report packets denied by the ACL are received, the packets
will be discarded.
When IGMPv3 is enabled, this command supports an extended ACL. If the received IGMP Report information is
(S1,S2,S3…Sn,G), this command will apply the corresponding ACL to the (0,G) information for matching. Therefore,
you must configure a (0,G) record explicitly for the extended ACL in order to normally filter (S1,S2,S3…Sn,G).



Configuring the Maximum Number of IGMP Group Members

Command

ip igmp limit number [ except access-list ]

Parameter

number: Indicates the maximum number of IGMP group members, whose value range varies with devices. The

Description

default value is 1,024 for an interface and 65,536 globally.
except access-list: Indicates that the groups in the ACL are not counted.
access-list indicates a standard IP ACL. The value ranges from 1 to 99, 1300 to 1999 and words.

Command

Interface configuration mode

Mode
Usage Guide

Global configuration mode: Limits the maximum quantity of the IGMP group members in a system.
Interfaceconfiguration mode: limitsthe maximum quantityof IGMPgroup members on an interface.
If the quantity of group members exceeds the interface or global limit, the Report packets received subsequently will
be ignored.
If an Except ACL is configured, Report packets within a specified range can be normally processed; therefore, the
generated group members are not counted.
The interface and global configurations can be performed independently. If the global quantity limit is smaller than
that for an interface, the global configuration shall be used.

Configuration Example
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Configuring IGMP Group Filtering

Scenario



Configure the basic functions of IGMP.



Configure the access address range of ACL 1 from 225.0.0.1 to 225.0.0.255.



Setthe addressofthe group tobe joined to225.0.0.5.



Setthe addressofthe group tobe joined to236.0.0.5.

VSU(config)#access-list 1 permit 225.0.0.1 225.0.0.255
VSU(config-if-GigabitEthernet 0/5)#ip igmp access-group 1
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.5
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 236.0.0.5
Verification

Run the show ip igmp groups [ interface-type interface-number ] [ group-address ] [ detail ] command to display the
group information of the interface.
VSU(config-if-GigabitEthernet 0/5)#show ip igmp groups
IGMP Connected Group Membership
GroupAddress
225.0.0.5



Interface
GigabitEthernet 0/5

Uptime

Expires

Last Reporter

00:14:00 00:02:45 192.168.1.90

Configuring the Maximum Number of IGMP Group Members

Scenario



Configure the basic functions of IGMP.



Configure the maximum number of IGMP group members for the interface to 5.



Add group information (225.0.0.5~225.0.0.12).



View group information.

VSU(config-if-GigabitEthernet 0/5)#ip igmp limit 5
VSU(config-if-GigabitEthernet 0/5)#
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.5
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.6
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.7
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.8
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.9
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.10
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.11
VSU(config-if-GigabitEthernet 0/5)#ip igmp join-group 225.0.0.12
Verification

Run the show ip igmp groups [ interface-type interface-number ] [ group-address ] [ detail ] command to display the
group information of the interface.
VSU(config-if-GigabitEthernet 0/5)#show ip igmp groups
IGMP Connected Group Membership
GroupAddress
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225.0.0.5

GigabitEthernet 0/5

00:20:15 00:03:09 192.168.1.90

225.0.0.6

GigabitEthernet 0/5

00:20:24 00:02:58 192.168.1.90

225.0.0.7

GigabitEthernet 0/5

00:00:15 00:04:29 192.168.1.90

225.0.0.8

GigabitEthernet 0/5

00:00:13 00:04:34 192.168.1.90

225.0.0.9

GigabitEthernet 0/5

00:00:11 00:04:33 192.168.1.90

Common Errors



The basic functions of IGMP are not enabled.

16.4.5 Configuring IGMP Proxy

Configuration Effect



Configure the router proxy function and collect local member information.

Notes



The basic functions of IGMP must be configured.

Configuration Steps



Configuring the IGMP Proxy Service



Optional.



If there is no special requirement, you can perform this configuration on directly connected upstream router interfaces.



Configuring the IGMP Mroute Proxy



Optional.



If there is no special requirement, you can perform this configuration on directly connected downstream host interfaces.

Verification



Set interface 7 for directly connecting to an upstream router as a multicast proxy server.



Set interface 1 for directly connecting to a downstream host as a multicast proxy.



Set interface 1 to be joined by groups whose addresses are 225.0.0.6 and 225.5.5.5.



View the current group information.

Related Commands



Configuring the IGMP Proxy Service

Command

ip igmp proxy-service

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Run the ip igmp proxy-service command to set the uplink interface as a Proxy-Service interface.
Run the ip igmp mroute-proxy command to set the downlink interface as a Mroute-Proxy interface.
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Forward IGMP Query packets from the Proxy-Service interface to the Mroute-Proxy interface. Forward IGMP Report
packets from the Mroute-Proxy interface to the Proxy-Service interface.
A device allows a maximum of 32 Proxy-Service interfaces. After a Proxy-Service interface receives an IGMP Query
packet, the interface sends a response based on the IGMP group member records.
If the switchport command is executed on the Proxy-Service interface, the ip igmp mroute-proxy command
configured on the Mroute-Proxy interface will be deleted automatically.



Configuring the IGMP Mroute Proxy

Command

ip igmp mroute-proxy interface-type interface-number

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Run the ipigmpproxy-service command toset the uplink interface as a Proxy-Serviceinterface.
Runtheipigmpmroute-proxycommandtosetthedownlinkinterfaceasaMroute-Proxyinterface.
Forward IGMP Query packets from the Proxy-Service interface tothe Mroute-Proxy interface. Forward IGMP Report
packets from the Mroute-Proxy interface to the Proxy-Service interface.

Configuration Example
Scenario



Configure basic functions of IGMP.



Configure interface 7 as a proxy server.



Configure interface 1 as a multicast proxy.



Set interface 1 to be joined by groups whose addresses are 225.0.0.6 and 225.5.5.5.

VSU(config-if-GigabitEthernet 0/7)#ip igmp proxy-service
VSU(config-if-GigabitEthernet 0/7)#exit
VSU(config)#int gi 0/1
VSU(config-if-GigabitEthernet 0/1)#ip igmp mroute-proxy gigabitEthernet 0/7
VSU(config-if-GigabitEthernet 0/1)#ip igmp join-group 225.0.0.6
VSU(config-if-GigabitEthernet 0/1)#ip igmp join-group 225.5.5.5
Verification

Run the show ip igmp groups [ interface-type interface-number ] [ group-address ] [ detail ] command to display the
group information of the interface.
VSU(config-if-GigabitEthernet 0/1)#show ip igmp groups
IGMP Connected Group Membership
GroupAddress

Interface

Uptime

Expires

LastReporter

225.0.0.6

GigabitEthernet 0/1

00:23:05 00:02:40 192.168.36.90

225.5.5.5

GigabitEthernet 0/1

00:22:06 00:02:41 192.168.36.90

IGMP Proxy-server Connected Group Membership
GroupAddress
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225.0.0.6

GigabitEthernet0/7

00:23:05

225.5.5.5

GigabitEthernet0/7

00:22:06

VSU(config-if-GigabitEthernet0/1)#
Common Errors



The basic functions of IGMP are not enabled.

16.4.6 Configuring IGMP SSM Mapping

Configuration Effect



IGMPv3supportssourcefiltering; however,IGMPv1and IGMPv2do notsupport sourcefiltering,but provides theSSMmapping
function to filter sources.

Notes



The basic functions of IGMP must be configured.

Configuration Steps



Enabling SSM Mapping

(Mandatory) Enable the SSM mapping function.
Enable the SSM mapping function on a router.



Configuring Static SSM Mapping

Optional.
Configure this function on routers enabled with SSM mapping.
Verification
Run the show ip igmp ssm-mapping [ group-address ] command to display SSM mapping information.
Related Commands



Enabling SSM Mapping

Command

ip igmp ssm-map enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Runtheipigmpssm-mapenablecommandtoenabletheSSMmappingfunction.
Run the ip igmp ssm-map static command to set static mapping entries.
Run IGMPv3 on the interface. When IGMPv1 or IGMPv2 Report packets are received, source addresses of static
mappings can be added.



Configuring Static SSM Mapping
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Command

ip igmp ssm-map static access-list source-address

Parameter

N/Aaccess-list: Indicates the group address range set by a standard IP ACL. The value ranges from 1 to 99, 1300 to

Description

1999 and words.
source-address: Indicates the source address.

Command

Global configuration mode

Mode
Usage Guide

Runtheipigmpssm-mapenablecommandtoenabletheSSMmappingfunction.
Run the ip igmp ssm-map static command to set static mapping entries.
Run IGMPv3 on the interface. When IGMPv1 or IGMPv2 Report packets are received, source addresses of static
mappings can be added.

Configuration Example
Scenario



Configure the basic functions of IGMP.



Enable SSM mapping.



Configure static SSM mapping ACL 1.

VSU(config)#ip igmp ssm-map enable
VSU(config)#ip igmp ssm-map static 1 192.168.5.9
Verification

Run the show ip igmp ssm-mapping [ group-address ] command to display SSM mapping information.
VSU#show ip igmp ssm-mapping
SSM Mapping : Enabled
Database

: Static mappings configured

Common Errors



The basic functions of IGMP are not enabled.

16.4.7 Configuring Alert Option

Configuration Effect
CheckwhetherIGMPpacketscontaintheRouter Alertoptionand discardsthepacketswithout theRouter Alertoption.
Support sending IGMP packets with the Router Alert option.
Notes
The basic functions of IGMP must be configured.
Configuration Steps
Checking Router Alert Option
Optional.
Sending IGMP Packets with Router Alert Option Encapsulated
Optional,
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Verification



Checking Router Alert Option

Check whether the IGMP-enabled interface discards the IGMP packets without the Router Alert option.



Sending IGMP Packets with Router Alert Option Encapsulated

Check whether the IGMP-enabled interface sends the IGMP packets containing the Router Alert option.
Related Commands



Checking Router Alert Option

Command

ip igmp [ vrf vrf-name ] enforce-router-alert

Parameter

vrf vrf-name: Specifies a VRF.

Description
Command

Global configuration mode

Mode
Usage Guide

Run the ip igmp enforce-router-alert command to enable Router Alert option check.
Run the no ip igmp enforce-router-alert command to disable Router Alert option check.



Sending IGMP Packets with Router Alert Option Encapsulated

Command

ip igmp [ vrf vrf-name ] send-router-alert

Parameter

vrf vrf-name: Specifies a VRF.

Description
Command

Global configuration mode

Mode
Usage Guide

Runtheipigmpsend-router-alertcommandtoenablethefunctionofsendingIGMPpacketscontaining Router
Alert option.
Run the no ip igmp send-router-alert command to disable the function.

Configuration Example



Checking Router Alert Option

Scenario

Configure the basic functions of IGMP.
Configure Router Alert option check.
VSU(config)#ip igmp enforce-router-alert

Verification

IGMP packets containing Router Alert option 225.1.1.1 are sent to the IGMP-enabled interface and these packets are
processed. Run the show ip igmp groups command and you will see 225.1.1.1.
IGMPpacketsnot containingRouterAlertoption 225.1.1.1aresenttotheIGMP-enabledinterfaceandthesepackets
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are discarded. Run the show ip igmp groups command and you will not see 225.1.1.1



Sending IGMP Packets with Router Alert Option Encapsulated
Configure the basic functions of IGMP.

Scenario

Configure the function of sending IGMP packets containing router alert option.
VSU(config)#ip igmp send-router-alert
Verification

Check whether the IGMP-enabled interface sends the IGMP packets containing the Router Alert option.

16.5 Monitoring
Clearing
Description

Command

Clears dynamic group membership from clear ip igmp group
the IGMP buffer.
Clears interface information from the

clear ip igmp interface interface-type interface-number

IGMP buffer.
Displaying
Description

Command

Displays all groups in a directly

show ip igmp groups

connected subnet.
Displays details about all groups in a

show ip igmp groups detail

directly connected subnet.
Displays specified groups in a directly

show ip igmp groups A.B.C.D

connected subnet.
Displays details about specified groups show ip igmp groups A.B.C.D detail
in a directly connected subnet.
Displays IGMP configurations of a
specified

interface

in

a

show ip igmp interface interface-type interface-number

directly

connected subnet.
Displays details about all groups of a
specified

interface

in

a

show ip igmp groups interface-type interface-number detail

directly

connected subnet.
Displays information about a specified

show ip igmp groups interface-type interface-number A.B.C.D

group of a specified interface in a
directly connected subnet.
Displays details about a specified group

show ip igmp groups interface-type interface-number A.B.C.D detail

of a specified interface in a directly
connected subnet.
Displays configurations of an IGMP

show ip igmp interface [ interface-type interface-number ]

interface.

www.fs.com

1431

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Displays configurations of all IGMP

show ip igmp interface

interfaces.
Displays configurations of IGMP SSM

show ip igmp ssm-mapping

mapping.
Displays the information of IGMP SSM

show ip igmp ssm-mapping A.B.C.D

mapping to A.B.C.D.
Debugging
Description

Command

Displays whether IGMP debugging is

show debugging

enabled.
Debugs all IGMP information.

debug ip igmp all

Debugs IGMP packet decoding.

debug ip igmp decode

Debugs IGMP packet encoding.

debug ip igmp encode

Debugs IGMP events.

debug ip igmp events

Debugs IGMP FSM.

debug ip igmp fsm

Debugs IGMP state machine.

debug ip igmp tib

Debugs IGMP warning.

debug ip igmp warning

17 Configuring MLD
17.1 Overview
Multicast Listener Discovery (MLD) is a protocol used in the multicast technology.
This protocol receives the multicast member relationship between hosts and routers to determine multicast flow forwarding. Using
information obtained from MLD, a device maintains an interface-based multicast listener status table. The multicast listener status
table is activated only when at least one host in the link of the interface is a group member.
Currently, MLD has two versions: MLDv1 and MLDv2.



MLD of both versions supports the Any-Source Multicast (ASM) model.



MLDv2 can be directly applied to the Source-Specific Multicast (SSM) model.



MLDv1 can be applied to the SSM model only when MLD SSM mapping is configured.

Protocols and Standards



RFC2710: Multicast Listener Discovery (MLDv1) for IPv6



RFC3810: Multicast Listener Discovery Version 2 (MLDv2) for IPv6

17.2 Applications
Application

Description

Configuring the MLD Service on the

Implements the MLD service on the local network.

Local Network
Configuring the MLD Proxy Service
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17.2.1 Configuring the MLD Service on the Local Network

Scenario
As shown in Figure 4- 1, the local network consists of receiver 1, receiver 2, router A, and router B.
Querymessages sentby router Aor routerB arevalid on thelocal network, and Report messages sentby receiver A and receiverB are
also valid on the local network.
Figure 4- 1

Remarks

Router C is the egress gateway.
Routers A and B are local routers.

Deployment



Routers A, B, and C run the OSPFv6 protocol.



Interfaces on routers A, B, and C run the multicast protocol (PIM SMv6).

17.2.2 Configuring the MLD Proxy Service

Scenario
As shown Figure 4- 2, the proxy function is enabled on router A. Router A functions as a host and forms a local management group
with router B. Router A forwards Report messages from receivers 1 and 2.
Figure 4- 2

Remarks
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Deployment



Routers A and B run the OSPFv6 protocol.



Interfaces on routers A and B run the multicast protocol (PIM SMv6).



The multicast proxy service is enabled on Gi 0/0 and Gi 0/1 of router A.

17.3 Features
Basic Concepts



Host Behaviors and Device Behaviors

Layer-3 multicast devices running multicast management protocols are referred to as devices and their behaviors are device
behaviors.
PCs or simulated PCs running multicast management protocols are referred to as hosts and their behaviors are host behaviors.



Querier

Devices interact and compete with each other. After IP address comparison, the device with a lower IP address becomes the querier
and periodically sends Query messages.



MLD PROXY-SERVICE Interface

This interface, also called uplink interface, implements host behaviors. It receives Query messages sent by upstream devices and
sends Report messages collected by the router proxy.



MLD MROUTE-PROXY Interface

This interface, alsocalled downlink interface, implements router functions. It sends messages received by the proxy service interface
and collects and sends host information to the proxy service interface.



MLD SSM-MAP

SSM mapping refers to mapping of source-specific multicast. MLDv1 does not support the SSM model until the SSM-MAP function is
enabled.
Overview
Feature

Description

Setting MLD Router

Sends Query messages to obtain local member information.

Parameters
Querier
Process or

Selection

Selects the unique querier in the current network segment.

Timeout

Mechanism
Filtering MLD Groups

Filters group members and limits the number of group members.

Supporting Static MLD

Stores static group information on the local router instead of obtaining group information by sending Report

Groups

messages.

Configuring Simulated

Simulates host behaviors to directly configure group joining information.

Host

Group

Information
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Feature

Description

Supporting MLD Proxy

Uses this function in the simple tree topology instead of complex multicast routing protocols, such as the PIM.

Supporting SSM-MAP

Provides the SSM model for MLDv1. When a host is added to a group, a specific source can be specified to
avoid network bandwidth occupation by unnecessary and invalid multicast data streams. This function is
especially useful on a network where multiple multicast sources share the same multicast address.

17.3.1 Setting MLD Router Parameters

Sends Query messages to obtain local member information.
Working Principle
A device periodically sends Query messages to ensure that a group has at least one host. If no host is available in a group, the group
will be deleted.
Related Configuration



Enabling MLD

By default, MLD is disabled on an interface.
Runtheipv6pim{sparse-mode}command toenable ordisableMLDon aninterface.
MLD can be enabled only after PIM SM is enabled on the interface.



Configuring MLD Version

By default, the MLD version is 2.
Run theipv6 mld version { 1 | 2 } command to configure or restore the MLD version of an interface.



Configuring the Query Interval of the Last Member

By default, the interval for sending Query messages is 1s.
Run the ipv6 mld last-member-query-interval interval command to configure or restore the interval for sending Query messages.
A larger value means a longer interval for sending Query messages.



Configuring the Number of Times for Querying the Last Member

By default, the number of times for querying the last member is 2.
Run the ipv6 mld last-member-query-count count command to configure or restore the number of times for querying the last
member.
A larger value means a larger number of times for querying the last member.



Configuring the Interval for Querying a Common Member

By default, the interval for querying a common member is 125s.
Runtheipv6mldquery-interval seconds command toconfigureor restoretheinterval forquerying acommonmember.
A larger value means a longer interval for querying a common member.



Configuring the Maximum Response Time

By default, the maximum response time is 10s.
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Run the ipv6 mld query-max-response-time seconds command to configure or restore the maximum response time.
A larger value means a longer maximum response time.
17.3.2 Querier Selection Process or Timeout Mechanism

Selects the unique querier in the current network segment. The querier sends a Query message to obtain group information on the
local network.
Working Principle
Ona multicast network running MLD, a multicast devicededicated toquery sends MLDQuery messages.The deviceis determined by
election. Initially, all devices are inthe querier state. When receiving member relationship Query messages fromdevices withlower IP
addresses, the devices switch from the receiver state to non-querier state. Therefore, there is only one device in the query state in the
end. This device has the lowest IP address among all multicast devices on the network. When the querier device does not work, MLD
also works. Non-querier devices maintain the keepalive interval timer for other queriers. The timer is reset once the device receives a
member relationship query message. If the timer times out, the device starts to send Query messages and a new querier election
starts.
Related Configuration



Configuring the Keepalive Interval of the Querier

By default, the keepalive interval of the querier is 255s.
Runtheipv6mldquerier-timeout secondscommand toconfigureorrestorethekeepaliveinterval ofthequerier.
A larger value means a longer keepalive interval of the querier.
17.3.3 Filtering MLD Groups

Filters group members and limits the number of group members.
Working Principle
If you do not want hosts in the network segment where an interface resides to be added to certain multicast groups, you can
configure ACL rules on the interface as a filter. The interface will filter received MLD member relationship Report messages based on
the ACL rules and maintain member relationships only for multicast groups permitted by the rules. The largest number of router
members can also be set.
Related Configuration



Configuring Access Control for Multicast Groups

By default, no access control is configured and hosts can be added to any groups.
Run the ipv6 mld access-group access-list-name command to configure or restore access control for multicast groups.
After the configuration, the router can receive messages only from hosts in groups specified in the access list.



Configuring the Maximum Number of MLD Group Members

By default, an MLD group has a maximum of 1024 members.
Run the ipv6 mld limt number command to configure or restore the maximum number of MLD group members.
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A larger value means a larger number of group members.
17.3.4 Supporting Static MLD Groups

Stores static group information on a local router instead of obtaining group information by sending Report messages.The local router
can directly exchange group information with the PIM router.
Working Principle
Manually configure static group information.
Related Configuration



Configuring Static-Group

By default, no static group information is configured.
Run the ipv6 mld static-group group-address command to configure or cancel static group information.
17.3.5 Configuring Simulated Host Group Information

Simulates host behaviors to directly configure group joining information.
Related Configuration



Configuring Join-Group

By default, no join-group information is configured.
Run the ipv6 mld join-group group-address command to configure or cancel join-group information.
17.3.6 Supporting MLD Proxy

In the simply tree topology, it is not necessary to run complex multicast routing protocols (such as PIM). In this case, MLD proxy can be
used to send MLD messages for downstream hosts and maintain member relationships.
Working Principle
Whenan upstreamrouter isconfigured as an MLDproxy serviceinterface, it functions as a host and can receive Query messages from
upstream routers as well as forward group information of downstream hosts. When a downstream router is configured as an MLD
multicast proxy interface, it functions as a router and can forward Query messages of upstream routers as well as receive Report
messages from downstream routers.
Related Configuration



Configuring MLDPROXY-SERVICE

By default, the MLD proxy service is disabled on an interface.
Run theipv6 mldproxy-servicecommand toconfigureor cancelthe MLD proxy functiononan interface.
This function must be configured when proxy is used.



Configuring MLD MROUTE–PROXY

By default, the multicast proxy service is disabled on an interface.
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Run the ipv6mldmroute-proxy interfacename command toconfigure or cancel the multicastproxy function on an interface.
This function must be configured when proxy is used.
17.3.7 Supporting SSM-MAP

This function provides the SSM model for MLDv1. When a host is added to a group, a specific source can be specified to avoid network
bandwidth occupation by unnecessary and invalid multicast data streams. This function is especially useful on a network where
multiple multicast sources share the same multicast address.
Working Principle
Based on MLDv1, MLDv2 provides an extra function, that is, source filtering multicast. In MLDv1, a host determines to join a group
only based on the group address and receives multicast streams sent to the group address fromany source. However, an MLDv2 host
advertises the multicast group that the host wants to join and the address of the multicast source that it wants to receive. In MLDv1,
source address filtering can be implemented to some extent, but filtering is implemented by enabling SSM-MAP and configuring
SSM-MAP static groups on multicast flow receivers.
Related Configuration



Enabling MLD SSM-MAP

By default, SSM-MAP is disabled.
Run the ipv6 mld ssm-map enable command to enable or disable the SSM-MAP function.
This function must be enabled when SSM-MAP is used.

 Configuring MLD SSM-MAP STATIC
By default, no SSM-MAP static link table is configured.
Run the ipv6 mld ssm-map static access-list-num A.B.C.D command to enable or disable the SSM-MAP static link table.

17.4 Configuration
Configuration

Description and Command

Configuring Basic Functions of
MLD

Configuring

MLD

Router

(Mandatory) It is used to configure the multicast service.
Ipv6 multicast-routing

Enables the IPv6 multicast routing function.

Ipv6 pim sparse-mode

Enables the PIM-SM function.

Ipv6 mld version { 1 | 2 }

Configures the MLD version.

Ipv6 mld last-member-query-interval

Configures the interval for querying the last

interval

member.

Ipv6 mld last-member-query-count count

Parameters
Ipv6 mld query-interval seconds
Ipv6 mld query-max-response-time
seconds
Querier Selection Process or
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Timeout Mechanism
Filtering MLD Groups
MLD Proxy

Ipv6 mld access-group access-list

Filters MLD group members.

Ipv6 mld proxy-service

Configures the MLD PROXY-SERVICE.

ipv6 mld mroute-proxy

Configures the MLD MROUTE–PROXY.

interface-type interface-number
Ipv6 mld ssm-map enable
Supporting SSM-MAP

Ipv6

mld

ssm-map

source-address

Enables the SSM-MAP function.
static

access-list

Configures the SSM-MAP static link table.

17.4.1 Configuring Basic Functions ofMLD

Configuration Effect



Enable the multicast routing function and collect group information on the local network.

Notes



The PIM SM function must be enabled on an interface.

Configuration Steps



Enabling the IPv6 Multicast Routing Function



Mandatory.



The IPv6 multicast routing function should be enabled on all routers on the local network unless otherwise specified.



Enabling the PIM SM Function



Mandatory.



The PIM SM function should be directly enabled on an interface on the local network unless otherwise specified.

Verification
Run the show ipv6 mld interface interface-type interface-number command to check whether MLD is enabled on the interface.
Related Commands



Enabling the IPv6 Multicast Routing Function

Command

Ipv6 multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



-

Enabling the PIM SM Function

Command

Ipv6 pim { sparse-mode }

Parameter

-

Description
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Command

Interface configuration mode

Mode
Usage Guide

PIM interfaces must be layer-3 interfaces, including: routing, L3AP, SVI, and loopback interfaces.
IPv6 unicast routes should be accessible to all PIM interfaces.

Configuration Example



Enabling MLD on the Local Network

Configuration



Steps

Configure an IPv6 unicast routing protocol (such as OSPF) on a router and ensure that unicast routes are
accessible to the loopback interface. (Omitted)



Enable the IPv6 multicast routing function on all routers.



Enable the PIM SM function on device interconnection interfaces and interfaces for connecting user hosts and
multicast sources.

VSU(config)#ipv6 multicast-routing
VSU(config)#int gi 0/1
VSU(config-if-GigabitEthernet 0/1)# ipv6 address 2001::1/64
VSU(config-if-GigabitEthernet 0/1)#ipv6 pim sparse-mode
Verification

Run the show ipv6 mld interface interface-type interface-number command to check whether MLD is enabled on
the interface.
VSU#show ipv6 mld interface gigabitEthernet 0/1
Interface GigabitEthernet 0/1 (Index 1)
MLDActive, Querier,Version 2 (default)
Internetaddress isfe80::2d0:f8ff:fe22:33b1
MLD interface limit is 1024
MLD interface has 0 group-record states
MLD interface has 0 join-group records
MLD interface has 0 static-group records
MLD activity: 0 joins, 0 leaves
MLD query interval is 125 seconds
MLD querier timeout is 255 seconds
MLD max query response time is 10 seconds
Last member query response interval is 10 (1/10s)
Last member query count is 2
Group Membership interval is 260
Robustness Variable is 2

Common Errors



Multicast routing is disabled on routers on the network.
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No multicast interface is available on the network.

17.4.2 Configuring MLD Router Parameters

Configuration Effect



Modify MLD router parameters to change the message type or sending mode.

Notes



The basic functions of MLD must be configured.

Configuration Steps



Configuring MLD Version

Optional.
This parameter can be configured on all router interfaces directly connected to the local network unless otherwise specified.



Configuring the Interval for Querying the Last Member

Optional.
This parameter can be configured on all router interfaces directly connected to the local network unless otherwise specified.



Configuring the Number of Times for Querying the Last Member

Optional.
This parameter can be configured on all router interfaces directly connected to the local network unless otherwise specified.



Configuring the Interval for Querying a Common Member

Optional.
This parameter can be configured on all router interfaces directly connected to the local network unless otherwise specified.



Configuring the Maximum Response Interval

Optional.
This parameter can be configured on all router interfaces directly connected to the local network unless otherwise specified.
Verification
Run the show ipv6 mld interface interface-type interface-number command to view the configuration information.
Related Commands



Configuring the MLD Version

Command

ipv6 mld version { 1 | 2 }

Parameter

1: Indicates version 1.

Description

2: Indicates version 2.

Command

Interface configuration mode

Mode
Usage Guide
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Configuring the Interval for Querying the Last Member

Command

ipv6 mld last-member-query-interval interval

Parameter

Interval:SpecifiestheintervalforsendingQuerymessagesofaspecifiedgroup.Theunitis0.1s,thevaluerangesfrom

Description

1 to 255, and the default value is 10 (1s).

Command

Interface configuration mode

Mode
Usage Guide

Afterreceiving theDone message, the interfacewillcontinuouslysend Query messages of a specified group and wait
for responses from the host. After timeout, it is considered that the no group member exists in the directlyconnected network segment and the interface is deleted from the MLD group member record. The timeout interval
is calculated as follows:
Timeout interval = last-member-query-interval x last-member-query-count + query-max-response-time/2.



Configuring the Number of Times for Querying the Last Member

Command

ipv6 mld last-member-query-count count

Parameter

count: Specifies the number of times for sending Query messages of a specified group. The value ranges from 2 to 7.

Description

The default value is 2.

Command

Interface configuration mode

Mode
Usage Guide

Afterreceiving theDone message, the interfacewillcontinuouslysend Query messages of a specified group and wait
for responses from the host. After timeout, it is considered that the no group member exists in the directlyconnected network segment and the interface is deleted from the MLD group member record. The timeout interval
is calculated as follows:
Timeout interval = last-member-query-interval x last-member-query-count + query-max-response-time/2



Configuring the Interval for Querying a Common Member

Command

ipv6 mld query-interval seconds

Parameter

seconds: Specifies the interval for querying a common member. The unit is s, the value ranges from 1 to 18000, and

Description

the default value is 125.

Command

Interface configuration mode

Mode
Usage Guide



-

Configuring the Maximum Response Interval

Command

ipv6 mld query-max-response-time seconds

Parameter

seconds: Specifies the maximum response time. The unit is s, the value ranges from 1 to 25, and the default value is

Description

10.

Command

Interface configuration mode

Mode
Usage Guide

After sending Query messages, the interface waits for responses. After timeout, it is considered that no group
member exists in the directly-connected network segment and group information is deleted.

Configuration Example



Configuring Basic Router Parameters
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Configuration



Configure basic functions of MLD. (Omitted)

Steps



Configure MLD version 2.



Configure the interval for querying the last member as 15 (1.5s).



Configure the number of times for querying the last memberas 3.



Configuretheinterval forqueryingthecommonmemberas130s.



Configure the maximum response time as 15s.

VSU(config-if-GigabitEthernet 0/1)#ipv6 mld version 2
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld last-member-query-count 3
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld last-member-query-interval 15
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld query-interval 130
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld query-max-response-time 15
Verification

Runtheshowipv6mldinterfaceinterface-typeinterface-number commandtocheckwhetherMLDisenabledon the
interface.
VSU(config-if-GigabitEthernet 0/1)# show ipv6 mld interface gi 0/1
Interface GigabitEthernet 0/1 (Index 1)
MLD Enabled, Active, Querier, Version 2 (default)
Internet address is fe80::2d0:f8ff:fe22:33b1
MLD interface limit is 1024
MLD interface has 0 group-record states
MLD interface has 0 join-group records
MLD interface has 0 static-group records
MLD activity: 0 joins, 0 leaves
MLD query interval is 130 seconds
MLD querier timeout is 267 seconds
MLD max query response time is 15 seconds
Last member query response interval is 15 (1/10s)
Last member query count is 3
Group Membership interval is 275
Robustness Variable is 2

Common Errors



Basic functions of MLD are not enabled.

17.4.3 Querier Selection Process or Timeout Mechanism

Configuration Effect



Select the unique querier on the local network.
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Notes



The basic functions of MLD must be configured.

Configuration Steps



This function must be configured if the querier keepalive interval needs to be configured.



This function can be configured on all MLD-enabled interfaces on the local network.

Verification
Run the show ipv6 mld interface interface-type interface-number command to view the configuration information of the interface.
Related Commands



Configuring the Keepalive Interval of Other Queriers

Command

ipv6 mld querier-timeout seconds

Parameter

seconds: Specifies the keepalive interval for other queriers. The unit is s, the value ranges from 60 to 300, and the

Description

default value is 255.

Command

Interface configuration mode

Mode
Usage Guide

After sending Query messages, the interface waits for Query messages from other devices. After timeout, it is
considered that it is the unique querier in the directly-connected network segment.

Configuration Example



Configuring the Keepalive Interval of Other Queriers

Configuration



Configure the basic functions of MLD. (Omitted)

Steps



Configure the keepalive interval of a querier as 280s.

VSU(config-if-GigabitEthernet 0/1)#ipv6 mld querier-timeout 280
Verification

Runtheshowipv6mldinterfaceinterface-typeinterface-number commandtocheckwhetherMLDisenabledon the
interface.
VSU#show ipv6 mld interface gigabitEthernet 0/1
Interface GigabitEthernet 0/1 (Index 1)
MLD Enabled, Active, Querier, Version 2 (default)
Internet address is fe80::2d0:f8ff:fe22:33b1
MLD interface limit is 1024
MLD interface has 0 group-record states
MLD interface has 0 join-group records
MLD interface has 0 static-group records
MLD activity: 0 joins, 0 leaves
MLD query interval is 130 seconds
MLD querier timeout is 280 seconds
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MLD max query response time is 15 seconds
Last member query response interval is 15 (1/10s)
Last member query count is 3
Group Membership interval is 275
Robustness Variable is 2
Common Errors



The basic functions of MLD are not enabled.

17.4.4 Filtering MLDGroups

Configuration Effect



A router filters MLD group information.

Notes



The basic functions of MLD must be configured.

Configuration Steps



Configuring Access Control for Multicast Groups

Optional.
This function can be configured on all router interfaces directly connected to the local network unless otherwise specified.



Configuring the Maximum Number of MLD Group Members

Optional.
This function can be configured on all router interfaces directly connected to the local network unless otherwise specified.
Verification



Filtering MLD Groups

Configuretheinterfacetoallowforonlygroupsinlinktable1.Theaccessaddressoflinktable1is(FF66::100/64).
Configure the interface to add a group FF66::05.
Configure the interface to add a group FF65::05.
Check group information on the interface.



Configuring the Maximum Number of MLD Group Members

Configure the number of group members as 5 on the interface.
Configure the interface to add a group (FF66::05～FF65::0B).
Check group information on the interface.
Related Commands



Configuring Access Control for Multicast Groups
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Command

ipv6 mld access-group access-list

Parameter

access-list: Specifies the group address range by using IP standard ACLs or IP extended ACLs. The value ranges from 1

Description

to 199, 1300 to 2699, and WORD.

Command

Interface configuration mode

Mode
Usage Guide

After running this command on the interface, you can control the groups that hosts in the directly-connected
network segment can join. Use ACLs to limit the group address range. Report messages denied by the ACLs will be
discarded.
When MLDv2 is enabled, this command supports extended ACLs to precisely filter source record information in
MLDv2 messages. When the received MLD Report message is (S1,S2,S3…Sn,G), this command will match (0,G) using
the corresponding ACLs. Therefore, to normally use this command, you must explicitly configure a (0, G) in the
extended ACLs to filter (S1,S2,S3…Sn,G).



Configuring the Maximum Number of MLD Group Members

Command

ipv6 mld limit number [ except access-list ]

Parameter

number: Specifies the maximum number of MLD group members. The value range depends on the specific device.

Description

The interface default value is 1024 and the global one is 65536.
except access-list: Groups in the access list are not counted.
The access list is an IP standard ACL. The value ranges from 1 to 99, 1300 to 1999, and WORD.

Command

Interface configuration mode

Mode
Usage Guide

Global configuration mode: Limitsthe number of MLD group members on the whole device.
Interface configuration mode: Limits the number of MLD group members of the interface.
If the number of group members exceeds the interface limit or global limit, subsequent Report messages will be
ignored.
If an except list is configured, Report messages in a specified range canbe normally processed. Therefore, thegroup
members are not counted.
Interface and global limits can be configured separately. If the global limit is smaller than the interface limit, use the
global limit.

Configuration Example



Configuring Group Filtering

Configuration



Configure the basic functions of MLD. (Omitted)

Steps



Configure the access address of link table 1 as (FF66::100/64).



Configure the group to join as FF66::05.



Configure the group to join as FF65::05.

VSU(config)#ipv6 access-list acl
VSU(config-ipv6-acl)#permit ipv6 ::/64 ff66::100/64
VSU(config-ipv6-acl)#permitipv6 2222::3333/64 ff66::100/64
VSU(config-ipv6-acl)#exit
VSU(config)#
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VSU(config)#int gi 0/1
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld access-group acl
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::5
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff65::5
Verification

Run the show ipv6 mld groups [ interface-type interface-number ] [ group-address ] [ detail ] command to view the
group information on the interface.
VSU#show ipv6 mld groups
MLD Connected Group Membership
GroupAddress
ff66::5



Interface

Uptime

Expires

Last Reporter

GigabitEthernet 0/1 00:05:07 00:03:46 fe80::2d0:f8ff:fe22:33b1

Configuring the Maximum Number of MLD Group Members

Configuration



Configure the basic functions of MLD. (Omitted)

Steps



Configure the maximum number of group members on the interface as 5.



Add group information (FF66::5～FF66::0B).



View the group information.

VSU(config-if-GigabitEthernet 0/1)#ipv6 mld limit 5
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::5
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::6
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::7
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::8
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::9
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::A
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::B
Verification

Run theshow ipv6mldgroups [interface-typeinterface-number ][ group-address] [ detail ]command toview group
information on the interface.
MLD Connected Group Membership
GroupAddress

Interface

Uptime

Expires

Last Reporter

ff66::5

GigabitEthernet 0/1 00:00:36 00:04:00 fe80::2d0:f8ff:fe22:33b1

ff66::6

GigabitEthernet 0/1 00:00:34 00:04:01 fe80::2d0:f8ff:fe22:33b1

ff66::7

GigabitEthernet 0/1 00:00:22 00:04:13 fe80::2d0:f8ff:fe22:33b1

ff66::8

GigabitEthernet 0/1 00:00:18 00:04:19 fe80::2d0:f8ff:fe22:33b1

ff66::9

GigabitEthernet 0/1 00:00:14 00:04:21 fe80::2d0:f8ff:fe22:33b1

Common Errors



The basic functions of MLD are not enabled.
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17.4.5 MLD Proxy

Configuration Effect



Configure the router proxy function and collect local member information.

Notes



The basic functions of MLD must be configured.

Configuration Steps



Configuring MLDPROXY-SERVICE

Optional.
This function can be configured on the interface of routers directly connected to the upstream devices unless otherwise specified.



Configuring MLD MROUTE–PROXY

Optional
This function can be configured on the interface of hosts directly connected to the downstream devices unless otherwise specified.
Verification



Configure the interface that directly connects interface 7 and upstream router as the multicast proxy service.



Configure the interface that directly connects interface 1 and downstream host as the multicast proxy.



Configure groups FF66::05 and FF66::06 to be added to interface 1.



Check information of the current group.

Related Commands



Configuring MLDPROXY-SERVICE

Command

ipv6 mld proxy-service

Parameter

-

Description
Command

Interface configuration mode

Mode
Usage Guide

Run the ipv6 mldproxy-service command to configure the upstream interfaceas the proxy-service interface.
Runtheipv6mldmroute-proxycommandtoconfigurethedownstreaminterfaceas themroute-proxy interface.
Configure the proxy-service interface to forward MLD Query messages to the mroute-proxy interface. Configure the
mroute-proxy interface to forward MLD Reports messages to the proxy-service interface.
A maximum of 32 proxy-service interfaces can be configured on a device. After receiving MLD Query messages, the
proxy-service interface sends a response based on the MLD group member records.
If you run switchport command on the proxy-service interface, the ipv6 mld mroute-proxy command configured
on the mroute-proxy interface will be automatically deleted.



Configuring MLD MROUTE–PROXY

Command

ipv6 mld mroute-proxy interface-type interface-number

Parameter

-
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Description
Command

Interface configuration mode

Mode
Usage Guide

Run the ipv6 mldproxy-service command to configure the upstream interfaceas the proxy-service interface.
Runtheipv6mldmroute-proxycommandtoconfigurethedownstreaminterfaceas themroute-proxy interface.
Configure the proxy-service interface to forward MLD Query messages to the mroute-proxy interface. Configure the
mroute-proxy interface to forward MLD Reports messages to the proxy-service interface.

Configuration Example
Configuration



Configure MLD basic functions. (Omitted)

Steps



Configure interface 7 as the proxy server.



Configure interface 1 as the multicast proxy.



Configure groups FF66::05 and FF66::06 to be added to interface 1.

VSU(config-if-GigabitEthernet 0/7)#ipv6 mld proxy-service
VSU(config-if-GigabitEthernet 0/7)#exit
VSU(config)#int gi 0/1
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld mroute-proxy gigabitEthernet 0/7
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::05
VSU(config-if-GigabitEthernet 0/1)#ipv6 mld join-group ff66::06
Verification

Run the show ipv6 mld groups [ interface-type interface-number ] [ group-address ] [ detail ] command to view the
group information on the interface.
VSU(config-if-GigabitEthernet 0/1)#show ipv6 mld groups
MLD Connected Group Membership
GroupAddress

Interface

Uptime

Expires

Last Reporter

ff66::5

GigabitEthernet 0/1 00:00:11 00:04:31 fe80::2d0:f8ff:fe22:33b1

ff66::6

GigabitEthernet 0/1 00:00:11 00:04:33 fe80::2d0:f8ff:fe22:33b1

MLD Proxy-server Connected Group Membership
GroupAddress

Interface

Uptime

ff66::5

GigabitEthernet 0/7

00:00:11

ff66::6

GigabitEthernet 0/7

00:00:11

Common Errors



The basic functions of MLD are not enabled.

17.4.6 Supporting SSM-MAP

Configuration Effect



MLDv2 supports sourcefiltering while MLDv1 does not. However, MLDv1 provides the SSM-MAPfunction toimplement source
filtering.
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Notes



The basic functions of MLD must be configured.

Configuration Steps



Enabling SSM-MAP

This function must be configured if SSM-MAP.
This function must be enabled on a router where SSM-MAP is enabled.



Configuring an SSM-MAP Static Link Table

Optional.
This function must be enabled on a router where SSM-MAP is enabled.
Verification
Run the show ipv6 mld ssm-mapping [ group-address ] command to display SSM-MAP information.
Related Commands



Enabling SSM-MAP

Command

ipv6 mld ssm-map enable

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

Run the ipv6 mld ssm-map enable command to enable the SSM-MAP function.
Run the ipv6 mld ssm-map static command to configure static mapping table items.
The interface runs MLDv2. When receiving Report messages from MLDv1, the interface adds the static mapping
source address.



Configuring an SSM-MAP Static Link Table

Command

ipv6 mld ssm-map static access-list source-address

Parameter

access-list: Specifies the group address range configured by the ACL.

Description

source-address: Source address

Command

Global configuration mode

Mode
Usage Guide

Run the ipv6 mld ssm-map enable command to enable the SSM-MAP function.
Run the ipv6 mld ssm-map static command to configure static mapping table items.
The interface runs MLDv2. When receiving Report messages from MLDv1, the interface adds the static mapping
source address.

Configuration Example
Configuration



Configure the basic functions of MLD. (Omitted)

Steps



Enable SSM-MAP.



Configure SSM-MAP static link table 3.
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VSU(config)#ipv6 mld ssm-map enable
VSU(config)#ipv6 mld ssm-map static 3 1500::5
Verification

Run the show ipv6 mld ssm-mapping [ group-address ] command to view SSM mapping information.
VSU(config)#show ipv6 mld ssm-mapping
SSM Mapping : Enabled
Database

: Static mappings configured

Common Errors



The basic functions of MLD are not enabled.

17.5 Monitoring
Clearing
Description

Command

Clears dynamic group member records clear ipv6 mld group [ group-address ] [ interface-type interface-number ]
in the MLD cache.
Clears all MLD statistics and group

clear ipv6 mld interface interface-type interface-number

member records on the interface.
Displaying
Description

Command

Displays groups directly connected to

show ipv6 mld groups [ group-address | interface-type interface-number ] [ detail ]

the device and group information
learned from MLD.
Displays configurations of the interface. show ipv6 mld interface [ interface-type interface-number ]
Displays SSM-MAP information.

show ipv6 mld ssm-mapping [ group-address ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Displays the MLD debugging switch

show debugging

status.
Debugs all MLD information.

debug ipv6 mld all

Debugs MLD packet resolution.

debug ipv6 mld decode

Debugs MLD packet encoding.

debug ipv6 mld encode

Debugs MLD event information.

debug ipv6 mld events

Debugs MLD Finite State Machine (FSM).

debug ipv6 mld fsm

Debugs MLD statemachine information.

debug ipv6 mld tib

Debugs MLD warning.

debug ipv6 mld warning
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18 Configuring PIM-DM
18.1 Overview
Protocol Independent Multicast (PIM) is an intra-domain multicast routing protocol.
A multicast source sends a packet to a group address. The packet is forwarded by network devices hop by hop and finally reaches the
group members. On layer-3 network devices, PIM is used to create and maintain multicast routing entries, so as to support multicast
forwarding.
PIMworksin twomodes: Protocol Independent Multicast - Sparse Mode (PIM-SM) and Protocol Independent Multicast - Dense Mode
(PIM-DM).



PIM-SM is applicable to large-scale networks where group members are sparsely distributed in a wide scope.



PIM-DM is applicable to small networks where group members are densely distributed.

Protocols and Standards



RFC3973: Protocol Independent Multicast - Dense Mode (PIM-DM)



RFC2715: Interoperability Rules for Multicast Routing Protocols

18.2 Applications
Application

Description

Providing the Multicast Service in the

The multicast service is provided in the same network.

Same Network
18.2.1 Providing the Multicast Service in the Same Network

Scenario
Themulticastserviceisprovidedinthesamenetwork.
The following figure is taken as an example:



A multicast source sends a multicast packet, and Receiver A and Receiver B in the same network receive the multicast packet.

Figure 5- 1

Remarks

A, B, and C are Layer-3 routers.
The multicast source is connected to the Gi0/1 interface of A, Receiver A is connected to the Gi0/1 interface of B, and
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Receiver B is connected to Gi0/1 of C.
Deployment



Run the Open Shortest Path First (OSPF) protocol in the same network to implement unicast routing.



Run the PIM-DM protocol in the same network to implement multicast routing.



Run the Internet Group Management Protocol (IGMP) in a user host network segment to implement group member
management.

18.3 PIM-DM Application in a Hot Backup Environment

Scenario
In a hot backup environment, run PIM-DM. A device performs hot backup switching to ensure that traffic is not interrupted.
Figure 5-2

Remarks

R1 is connected to the video server, R2 is directly connected to the receiver, and R2 runs in hot backup mode.
A Layer-3 multicast protocol runs on R1 and R2.

Deployment



Run OSPF on R1 and R2 to implement unicast routing.



Run PIM-DM on R1 and R2 to implement multicast routing.



Make R2 run in a hot backup environment.

Remarks

R2 may perform hot backup switching in the hot backup environment. In this case, the query interval of PIM Hello packets
(the default value is 30 seconds) needs to be adjusted on R2 because the keepalive timer of the neighbor in PIM Hello
packets of R1 may have expired (the default value is 3.5 times the query interval, that is, 105 seconds). The multicast
function relies on the unicast function currently, and the multicast function starts conveFSence after the unicast function
conveFSence is complete. For example, the default graceful restart (GR) conveFSence time of the unicast function is 120
seconds. It is recommended that the query interval of PIM Hello packets be set to 60 seconds. The keepalive time of the
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neighbor in PIM Hello packets is 210 seconds. In this scenario, the query interval of PIM Hello packets need to be set with a
reference to the GR conveFSence time of the unicast function and the value of 3.5 times the query interval of PIM Hello
packets must be laFSer than the GR conveFSence time of the unicast function. In a hot backup environment, it is
recommended that the query interval of PIM Hello packets be laFSer than the default value (30 seconds). Otherwise, the
keepalive timer of the neighbor in PIM Hello packets of the peer end times out during hot backup switching.

18.4 Features
Basic Concepts



PIM Router and PIM Interface

Routers where the PIM protocol is enabled are called PIM Routers. Interfaces where the PIM protocol is enabled are called PIM
interfaces.
Multicast packets are forwarded on PIM routers. The PIM interfaces where multicast packets are received are called Upstream
Interfaces, and the PIM interfaces where multicast packets are sent are called Downstream Interfaces.
The network segments where upstream interfaces are located are called Upstream Network Segments. The network segments where
downstream interfaces are located are called Downstream Network Segments.



PIM Network and PIM Domain

PIM routers are connected through PIM interfaces and form a PIM network.
On some PIM interfaces, borders can be set to divide a large PIM network into multiple PIM domains. The borders are able to reject
specified multicast packets or limit the transmission of PIM messages.



Multicast Distribution Tree

Multicast packets are packets transmitted from one point to multiple points. The forwarding path is in a tree structure. This forwarding
path is called the Multicast Distribution Tree (MDT).



(*,G), (S,G)



(*,G): Packets sent from any source to Group G, the corresponding routing entries, and the forwarding path called Rendezvous
Point Tree(RPT).



(S,G): Packets sent from Source S to Group G, the corresponding routing entries, and the forwarding path called Shortest Path
Tree (SPT).

Overview
Feature

Description

PIM-DM Neighbor

Neighbor relationships are established between PIM routers to form a PIM network.

PIM-DM MDT

PIM-DM creates the MDT by using flooding, pruning, and grafting.

PIM-DM SRM

PIM-DM uses a State Refresh Message (SRM) to update the network state.

MIB
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18.4.1 PIM-DM Neighbor

Neighbor relationships are established between PIM routers to form a PIM network. Neighbor relationships must be established
between PIM routers before PIM control messages can be exchanged or multicast packets can be forwarded.
Working Principle
A Hello message is sent from a PIM interface. For the IPv4 multicast packet with the Hello message encapsulated, the destination
address is 224.0.0.13 (indicating all PIM routers in the same network segment), the source address is the IP address of the PIM interface,
and the Time To Live (TTL) value is 1. For the IPv6 multicast packet with the Hello message encapsulated, the destination address is
ff02::d.
Function of a Hello message: It is used to discover neighbors, coordinate protocol parameters, and maintain neighbor relationships.



Discovering Neighbors

PIMrouters in the same network segment receive multicast packetsfrom the destination address 224.0.0.13 or ff02::d. In this way, the
PIM routers obtain neighbor information and establish neighbor relationships.
When a PIM interface is enabled or detects a new neighbor, a Triggered-Hello-Delay message is used to generate a random time.
Within the time, the interface sends Hello packets.



Coordinating Protocol Parameters

A Hello message includes multiple protocol parameters, which are described as follows:
– DR_Priority: Router interfaces contend for the designated router (DR) based on their DR priorities. A higher priority means a higher
chance of winning.
– Holdtime: Time in which a neighbor is held in the reachable state
– LAN_Delay: LAN delay for transmitting a Prune message in a shared network segment
– Override-Interval: Prune override time carried in a Hello message.
When a PIM router receives a Prune message from an upstream interface, it indicates that downstream interfaces exist in the shared
network segment. If the PIM router still needs to receive multicast data, the PIM router must sent a Prune Override message to the
upstream interface within the Override-Interval.
LAN_Delay + Override-Interval = PPT (Prune-Pending Timer). After a PIM router receives a Prune message from an downstream
interface, the PIM router will not immediately perform pruning until PPT times out. Within the time of PPT, if the PIM router receives a
Prune rejection message from the downstream interface, the PIM router cancels pruning.



Maintaining Neighbor Relationships

A Hello message is sent periodically between PIM routers. If a Hello packet is not received from a PIM neighbor within Holdtime, the
neighbor is considered unreachable and is deleted from the neighbor list. Any change of PIM neighbors will cause change of the
multicast topology in the network. If an upstream or downstream neighbor in an MDT is unreachable, multicast routes converge
again and the MDT is reshaped.
Related Configuration



Enabling PIM-DM on an Interface

By default, PIM-DM is disabled on an interface.
Use the ip pim dense-mode command to enable or disable PIM-DM on an interface.
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PIM-DM must be enabled on an interface to involve the interface in the PIM protocol.



Setting the Interval of Hello Messages on an Interface

By default, a Hello message is sent at an interval of 30 seconds.
Theippimquery-intervalinterval-secondscommand isusedtoadjust theinterval ofHellomessages.Thevalueof theinterval ranges
from 1 to65,535.
A Hello message is transmitted less frequently when the value of interval-seconds is larger.
18.4.2 PIM-DM MDT

PIM-DM creates the MDT by using flooding, pruning, and grafting.
Working Principle
When a multicast source sends multicast packets, the system may forward them tothe outgoing interfaces of multicast neighbors and
local members, depending on the results of the Reverse Path Forwarding (RPF) check. The packets not passing the RPF check are
discarded. If an outgoing interface exists, the packets that have passed the RPF check are accepted for forwarding; if no outgoing
interface exist, a prune packet is sent to upstream devices. After the upstream interface receives the prune packet, the upstream
interface transits the source interface of the prune packet as the Pruned state and sets the Prune Timer (PT). In this way, the MDT
based on the multicast source is created.
When the system receives a Join message from a local member, if a downstream device in the Pruned state sends a Graft message to
an upstream device, the upstream device returns a Graft Ack message and resume multicast forwarding to the interfaces of the
downstream device after receiving the Graft message.
In network deployment, when multiple PIM-DM neighbors are created through multiple links between devices and downstream
devices have no or less need in receiving, the CPU usage may be high. In this scenario, PIM-SM is recommended to deploy the
environment.
Related Configuration



Configuring the Prune Override Interval on an Interface

By default, the prune override interval is 500 ms.
The ip pim override-interval interval-milliseconds command is used to modify the prune override interval.
18.4.3 PIM-DM SRM

PIM-DM uses an SRM to refresh the network state.
Working Principle
Devices connected to a multicast source periodically send SRMs to downstream devices to notify changes of the network topology.
After receiving the SRMs, the adjacent devices receiving the SRMs add the local topology state information to the messages by
modifying some fields in SRMs, and send the messages to downstream devices. When the messages reach leaf devices, the state
information of the entire network is updated.
Related Configuration



Disabling the Processing and Forwarding of SRMs
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By default, the processing and forwarding of SRMs are enabled.
The ip pim state-refresh disable command is used to disable the processing and forwarding of SRMs.
Disabling the SRM function may cause the converged PIM-DM MDT to re-converge, which leads to unnecessary bandwidth
waste and multicast routing table flapping. Therefore, it is recommended not to disable SRM in general conditions.



Setting the Interval of SRMs

By default, an SRM is sent at an interval of 60 seconds.
The ip pim state-refresh origination-interval interval-seconds command is used to adjust the interval of SRMs. The value of the
interval ranges from 1 to 100.
SRMs are transmitted less frequently when the value of interval-seconds is larger.
Only devices that are directly connected to a multicast source will periodically send a PIM SRM to downstream interfaces. For a
device not directly connected to the multicast source, the interval of SRMs on its downstream interfaces is invalid.
18.4.4 MIB

Connected to other agents, the Simple Network Management Protocol (SNMP) manager uses information in the Management
Information Base (MIB) to directly manage the PIM-DM function.
Working Principle
The MIB specifies variables (namely information that can be queried and set by the management process) maintained by network
elements and directly manages the PIM-DM function.
Related Configuration



Enabling PIM-DM MIB

By default, the PIM-DM MIB function is enabled.
The ip pim mib dense-mode command is used to enable the PIM-DM MIB function.

18.5 Configuration
Configuration
Configuring

PIM-DM

Description and Command
Basic

Functions

(Mandatory) It is used to create the multicast service.
ip multicast-routing

Enables IPv4 multicast routing.

ip pim dense-mode

Enables PIM-DM.

(Optional) It is used to limit the (S,G) pairs of legitimate multicast packets in Any Source
Multicast (ASM) model.

ConfiguringPIM-DMNeighbors

ip pim query-interval interval-seconds
ip pim propagation-delay interval-milliseconds
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Sets the Interval of Hello messages on an
interface.
Sets the prune propagation delay on an
interface.

ip pim override-interval interval-milliseconds

Sets the prune override interval on an Interface.

ip pim neighbor-filter access-list

Configures neighbor filtering on an interface.
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Configuration

Description and Command
ip pim state-refresh disable

Configuring PIM-DM SRMs

ip

pim

state-refresh origination-interval

interval-seconds
Configuring PIM-DM MIB

ip pim mib dense-mode

Disables the processing and forwarding of
SRMs.
Sets the Interval of SRMs on an interface.
Enables PIM-DM MIB.

18.5.1 ConfiguringPIM-DM Basic Functions

Configuration Effect



Create a PIM-DM network and provide data sources and user terminals in the network with the IPv4 multicast service.

Notes



PIM-DM needs to use the unicast routes existing in the network. Therefore, IPv4 unicast routing must be configured in the
network.

Configuration Steps



Enabling IPv4 Multicast Routing



Mandatory



IPv4 multicast routing should be enabled on each router unless otherwise specified.



Enabling PIM-DM



Mandatory



PIM-DM should be enabled on the following interfaces unless otherwise specified: interconnected interfaces on routers and
interfaces connecting multicast sources and user hosts.

Verification
Make multicast sources send multicast packets and make user hosts join the groups.



Check whether the user hosts can successfully receive packets from each group.



Check whether correct PIM-DM routing entries are created on routers.

Related Commands



Enabling IPv4 Multicast Routing

Command

ip multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling PIM-DM

Command
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Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

PIM interfaces must be at Layer-3, including: routing interfaces, aggregate ports(APs), switch virtual interfaces (SVIs),
and loopback interfaces.
For all PIM interfaces, IPv4 unicast routes should be reachable.



Displaying the PIM-SM Routing Table

Command

show ip pim dense-mode mroute [ group-or-source-address [ group-or-source-address ] ] [ summary ]

Parameter

group-or-source-address: Indicates a group address or source address.

Description

group-or-source-address: Indicates a group address or source address (The two addresses cannot be group addresses
or source addresses at the same time).
summary: Displays the routing table summary.

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

Check whether sufficient routing entries are provided.
Check the upstream and downstream interface lists and ensure that a correct SPT tree is created.

Configuration Example



Enabling IPv4 Multicast Routing on the IPv4 Network

Scenario
Figure 5- 3

Configuration



Configure IPv4 unicast routing protocols (for example, OSPF) on all the routers.

Steps



Enable the IPv4 multicast routing function on all the routers.



Enable the PIM-DM function on all the interconnected interfaces of the routers, Source, and Receiver..

A

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if)# ip pim dense-mode
A(config-if)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if)# ip pim dense-mode
A(config-if)# exit
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B

B# configure terminal
B(config)# ip multicast-routing
B(config)# interface GigabitEthernet 0/1
B(config-if)# ip pim dense-mode
B(config-if)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if)# ip pim dense-mode
B(config-if)# exit

Verification

A

Configure the multicast source (192.168.1.10) to send packets to G (229.1.1.1). Make Receiver A join G.



Check whether the multicast packets from Source G are received by Receiver A..



Check PIM-DM routing tables on Router A and Router B.

A# show ip pim dense-mode mroute
PIM-DM Multicast Routing Table
(192.168.1.10, 229.1.1.1)
MRT lifetime expires in 182 seconds
Source directly connected on GigabitEthernet 0/1
State-Refresh Originator State: Originator
SRT:57, SAT:147
Upstream IF: GigabitEthernet 0/1
Upstream State: Forwarding
Assert State: NoInfo
Downstream IF List:
GigabitEthernet 0/2, in 'olist':
Downstream State: NoInfo
Assert State: NoInfo

B

B# showip pimdense-mode mroute
PIM-DM Multicast Routing Table
(192.168.1.10, 229.1.1.1)
MRT lifetime expires in 130 seconds
RPF Neighbor: 192.168.2.1, Nexthop: 192.168.2.1, GigabitEthernet 0/2
Upstream IF: GigabitEthernet 0/2
Upstream State: Forwarding
Assert State: Loser, AT:125
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Downstream IF List:
GigabitEthernet 0/1, in 'olist':
Downstream State: NoInfo
Assert State: NoInfo
Common Errors



IPv4 unicast routing is incorrectly configured.



IPv4 multicast routing is not enabled on a certain router.



PIM-DM is not enabled on a certain interface.

18.5.2 Configuring PIM-DM Neighbors

Configuration Effect



Coordinate protocol parameters and adjust parameters in the Hello packet.



Enable neighbor filtering to improve network security.

Notes



Basic functions of PIM-DM must be configured.

Configuration Steps



Set parameters on PIM router interfaces unless otherwise specified.

Verification



Set parameters in a Hello packet on an interface and run the debug ip pim dense-mode encode command to check
parameters.



Enable neighbor filtering and run the show ip pim dense-mode decode command to display neighbor filtering information.



Run the show running-config interface [ interface-type interface-number ] command to display configurations on an interface.

Related Commands



Setting the Interval of Hello Messages

Command

ip pim query-interval interval-seconds

Parameter

interval-seconds: The value ranges from 1 to 65,535 in the unit of seconds.

Description
Command

Interface configuration mode

Mode
Usage Guide

When the Hello interval is set, the holdtime value will be updated as its 3.5 times.

Every time when the interval of Hello messages is updated, the holdtime value is automatically updated as 3.5 times of the
interval. If the result of the interval of Hello messages multiplied by 3.5 is greater than 65,535, the holdtime value is updated as
65,535.



Setting the Prune Propagation Delay
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Command

ip pim propagation-delay interval-milliseconds

Parameter

interval-milliseconds: The value ranges from 1 to 32,767 in the unit of milliseconds.

Description
Command

Interface configuration mode

Mode
Usage Guide



Set propagation-delay of an interface, that is, configure the prune propagation delay of an interface.

Setting the Prune Override Interval

Command

ip pim override-interval interval-milliseconds

Parameter

interval-milliseconds: The value ranges from 1 to 32,767 in the unit of milliseconds.

Description
Command

Interface configuration mode

Mode
Usage Guide



Set override-interval of an interface, that is, configure the prune override time of an interface.

Configuring PIM-DM Neighbor Filtering

Command

ip pim neighbor-filter access-list

Parameter

access-list: The supported ACL ranges from 1 to 99. Naming an ACL is also supported.

Description
Command

Interface configuration mode

Mode
Usage Guide

Only addresses that meet ACL filtering conditions can be used as PIM neighbors of the current interface. Otherwise,
the addresses filtered out cannot be neighbors.
Peering refers to exchange of protocol packets between PIM neighbors. If peering with a PIM device is suspended,
the neighbor relationship with it cannot be formed so that PIM protocol packets will not be received from the device.

Configuration Example



Configuring PIM-DM Neighbors on the IPv4 Network

Scenario
Figure 5- 4

Configuration



Configure basic functions of PIM-DM (omitted).

Steps



Set protocol parameters in a Hello packet on the Gi0/1 interface of device A.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if)# ip pim query-interval 60
A(config-if)#ippimpropagation-delay800
A(config-if)# ip pim override-interval 1000
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A(config-if)# exit

Verification



Run the show running-config interface [ interface-type interface-number ] command to display configurations
on an interface.


A

Run the debug ip pim dense-mode encode command to debug parameters in a Hello packet.

A# (config)#show running-config interface gigabitEthernet 0/1

Building configuration...
Current configuration : 245 bytes
!
interface GigabitEthernet 0/1
ip pim dense-mode
ip pim query-interval 60
ippimpropagation-delay 800
ip pim override-interval 1000
A# debug ip pim dense-mode encode
*Dec 22 15:00:58: %7: [ENCODE] Enc Hello: Hello Hold-Time 210
*Dec 22 15:00:58: %7: [ENCODE] Enc Hello: Hello Gen-ID 1362200073
*Dec 22 15:00:58: %7: [ENCODE] Enc Hello: Hello PD=800 ms, OI=1000 ms
*Dec 22 15:00:58: %7: [ENCODE] Enc Hello: Hello SR-Interval 60
*Dec22 15:00:58: %7:[ENCODE] Enc Msg Hdr:HelloChecksum=65396,MsgLen=34



Assert State: Loser, AT:125

Configuring PIM-DM Neighbor Filtering on the IPv4 Network

Scenario
Figure 5- 5

Configuration



Configure basic functions of PIM-DM (omitted).

Steps



Configure an ACL on device A.



Configure PIM neighbor filtering on the Gi0/1 interface of device A.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if)# ip pim query-interval 60
A(config-if)#ippimpropagation-delay800
A(config-if)#ip pim override-interval 1000
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A(config-if)# exit

Verification



Run the show running-config interface [ interface-type interface-number ] command to display configurations
on the interface.


A

Run the debug ip pim dense-mode decode command to debug parameters in a Hello packet.

A#show running-config interface gigabitEthernet 0/2

Building configuration...
Current configuration : 187 bytes
!
interface GigabitEthernet 0/1
ip pim dense-mode
ip pim neighbor-filter pim-dm
A# debug ip pim dense-mode decode
Dec 22 15:15:47: %7: [DECODE] Dec Msg: PIM Hello message, version 2
Dec 22 15:09:47: %7: [DECODE] Dec Msg: Neighbor 192.168.2.2/32 on GigabitEthernet 0/1 denied by access-list
pim-dm
Common Errors



IPv4 unicast routing is incorrectly configured.



IPv4 multicast routing is not enabled on a certain router.



PIM-DM is not enabled on a certain interface.

18.5.3 Configuring PIM-DM SRMs

Configuration Effect



Enable or disable the PIM-DM SRM function.



Adjust the interval of SRMs.

Notes



Basic functions of PIM-DM must be configured.

Configuration Steps



The interval of SRMs is only applicable only to the PIM router interfaces that are directly connected to the multicast source.

Verification



Configure the PIM-DM SRMs and run the show running-config command to display the SRM status.



Run the show ip pim dense-mode track command to display the SRM number.



Run the show running-config interface [ interface-type interface-number ] command to display interface configurations.
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Related Commands



Disabling the Processing and Forwarding of SRMs

Command

ip pim state-refresh disable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

When the processing and forwarding of SRMs are disabled, the State Refresh Capable option is not included in a
Hello packet, and is not processed when the Hello packet is received.
Disabling the SRM function may cause the converged PIM-DM MDT to re-converge, which leads to unnecessary
bandwidth waste and multicast routing table flapping. Therefore, it is recommended not to disable this function in
general conditions.



Setting the Interval of SRMs

Command

ip pim state-refresh origination-interval interval-seconds

Parameter

interval-seconds: The value ranges from 1 to 100 in the unit of second.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Disabling the Processing and Forwarding of SRMs on an Interface on the IPv4 Network

Scenario
Figure 5- 6

Configuration



Configure basic functions of PIM-DM (omitted).

Steps



Disable processing and forwarding of a PIM-DM SRM on an Interface of device A.

A

A# configure terminal
A(config)# ip pim state-refresh disable

Verification



A

A# (config)# show running-config

Run the show running-config command to check the configuration.

…
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!
ip pim state-refresh disable
!
…



Setting the Interval of SRMs on the IPv4 Network

Scenario
Figure 5- 7

Configuration



Configure basic functions of PIM-DM (omitted).

Steps



Set the interval of PIM-DM SRMs on the Gi0/1 interface of device A.

A

A# configure terminal
A(config)# interface GigabitEthernet 0/1
A(config-if)#ippimstate-refreshorigination-interval5
A(config-if)# exit

Verification



Run the show running-config interface [ interface-type interface-number ] command to display interface
configurations.


A

Run the show ip pim dense-mode track command to display the SRM number.

A#show running-config interface gigabitEthernet 0/1

Building configuration...
Current configuration : 201 bytes
!
interface GigabitEthernet 0/1
ip pim dense-mode
ip pim state-refresh origination-interval 5
A#show ippimdense-mode track
PIM packet counters
Elapsed time since counters cleared: 00:18:54
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received
Valid PIMDM packets:

38

sent
102

Hello:

38

76

Join/Prune:

0

0

Graft:

0

0

Graft-Ack:

0

0

Assert:

0

0

State-Refresh:

0

26

PIM-SM-Register:

0

PIM-SM-Register-Stop:

0

PIM-SM-BSM:

0

PIM-SM-C-RP-ADV:

0

Unknown Type:

0

Errors:
Malformed packets:

0

Bad checksums:

0

Unknown PIM version:

0

Send errors:

0

Common Errors



IPv4 unicast routing is incorrectly configured.



IPv4 multicast routing is not enabled on a certain router.



PIM-DM is not enabled on a certain interface.

18.5.4 Configuring PIM-DM MIB

Configuration Effect



Enable the MIB function for PIM-DM.

Verification



Configure the MIB function of PIM-SM and run the show running-config command to check whether the function is
configured.

Related Commands



Enabling PIM-DM MIB
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Command

ip pim mib dense-mode

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

18.6 Monitoring
Clearing
Description

Command

Resets the statistic start time and clears

clear ip pim dense-mode track

the counters of PIM-DM packets.
Displaying
Description

Command

Displays the help information of the

ip pim help

commands with IP PIM as the key word.
Displays

help

information

about

pim-dm help

configuration examples.
Displays PIM-DM information of an

show ip pim dense-mode interface [ interface-type interface-number ] [ detail ]

interface.
Displays the PIM-DM neighbors.

show ip pim dense-mode neighbor [ interface-type interface-number ]

Displays

show ip pim dense-mode nexthop

the

PIM-DM

next-hop

information .
Displays the PIM-DM routing table.

show ip pim dense-mode mroute [ group-or-source-address [ group-or-source-address ] ]
[ summary ]

Displays the number of PIM-DM packets show ip pim dense-mode track
sent and received sincethestatisticstart
time.
Displays the PIM-DM running status.

view pim-dm

19 Configuring PIM-SM
19.1 Overview
Protocol Independent Multicast (PIM) is an intra-domain multicast routing protocol.
A multicast source sends a packet to a group address. The packet is forwarded by network devices hop by hop and finally reaches the
group members. On Layer-3 network devices, PIM is used to create and maintain multicast routing entries, so as to support multicast
forwarding.
PIMworksin twomodes: Protocol Independent Multicast - Sparse Mode (PIM-SM) and Protocol Independent Multicast - Dense Mode
(PIM-DM).



PIM-SM is applicable to large-scale networks where group members are sparsely distributed in a wide scope.
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PIM-DM is applicable to small networks where group members are densely distributed.

Protocols and Standards



RFC4601: Protocol Independent Multicast -Sparse Mode (PIM-SM)



RFC5059: Bootstrap Router (BSR) Mechanism for Protocol Independent Multicast (PIM)



RFC3962: Protocol Independent Multicast - Dense Mode protocol



RFC4607: Source-Specific Multicast for IP

19.2 Applications
Application

Description

Enabling ASM for PIM-SM

The receiver receives any multicast source.

Enabling SSM for PIM-SM

The receiver receives only a specific multicast source.

19.2.1 Enabling ASM for PIM-SM

Scenario
Provide multicast services within only one domain.
For example, in the following figure, the receiver receives any multicast source.
Figure 6-1

Remarks

R1isconnected directlytothemulticastsource.
R 2 serves as the rendezvous point (RP).
R 3 is connected directly to Receiver A.
R 4 is connected directly to Receiver B.

Deployment



Run the Open Shortest Path First (OSPF) protocol to realize unicast routing.



Run PIM-SM to realize multicast routing.



Run the Internet Group Management Protocol (IGMP) in the network segment of the user host to manage group members.
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19.2.2 Enabling SSM for PIM-SM

Scenario
Provide multicast services within only one domain.
For example, in the following figure, the receiver receives a specific multicast source.
Figure 6-2

Remarks

R1isconnected directlytothemulticastsource.
R 2 serves as the RP.
R 2 is connected directly to Receiver A.
R 2 is connected directly to Receiver B.

Deployment



Run the OSPF protocol to realize unicast routing.



Run PIM-SM to realize multicast routing.



Run the source-specific multicast (SSM) of PIM-SM within the domain.



Run IGMPv3 in the network segment of the user host to manage group members.

19.3 PIM-SM Application in a Hot Backup Environment

Scenario
In a hot backup environment, run PIM-SM. A device performs hot backup switching to ensure that traffic is not interrupted.
Figure 6-3
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Remarks

R1 is connected to the video server, R2 is directly connected to the receiver, and R2 runs in hot backup mode.
A Layer-3 multicast protocol runs on R1 and R2.

Deployment



Run OSPF on R1 and R2 to implement unicast routing.



Run PIM-SM on R1 and R2 to implement multicast routing.



Make R2 run in a hot backup environment.

Remarks

R2 may perform hot backup switching in the hot backup environment. In this case, the query interval of PIM Hello packets
(the default value is 30 seconds) needs to be adjusted on R2 because the keepalive timer of the neighbor in PIM Hello
packets of R1 may have expired (the default value is 3.5 times the query interval, that is, 105 seconds). The multicast
function relies on the unicast function currently, and the multicast function starts conveFSence after the unicast function
conveFSence is complete. For example, the default graceful restart (GR) conveFSence time of the unicast function is 120
seconds. It is recommended that the query interval of PIM Hello packets be set to 60 seconds. The keepalive time of the
neighbor in PIM Hello packets is 210 seconds. In this scenario, the query interval of PIM Hello packets need to be set with a
reference to the GR conveFSence time of the unicast function and the value of 3.5 times the query interval of PIM Hello
packets must be laFSer than the GR conveFSence time of the unicast function. In a hot backup environment, it is
recommended that the query interval of PIM Hello packets be laFSer than the default value (30 seconds). Otherwise, the
keepalive timer of the neighbor in PIM Hello packets of the peer end times out during hot backup switching.

19.4 Features
Basic Concepts



PIM Router and PIM Interface

A router running PIM is called a PIM router. An interfaces running PIM is called a PIM interface.
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Multicast packets are forwarded on PIM routers. The PIM interfaces where multicast packets are received are called upstream
interfaces, and the PIM interfaces where multicast packets are sent are called downstream interfaces.
The network segments where upstream interfaces are located are called upstream network segments, and the network segments
where downstream interfaces are located are called downstream network segments.



PIM Network and PIM Domain

PIM routers are connected through PIM interfaces to form a PIM network.
On some PIM interfaces, borders can be set to divide a large PIM network into multiple PIM domains. The borders can reject the
passage of specific multicast packets or limit the transmission of PIM packets.



Multicast Distribution Tree, DR, and RP

Multicast packets are transmitted from one point to multiple points, forming a tree-shaped forwarding path. Such forwarding path is
called the multicast distribution tree (MDT), which includes the following two types:



RP Tree (RPT): It is rooted at an RP,and uses the designated router (DR) of the member groups connected to it as its leaves.



Shortest path tree (SPT): It is rooted at a DR that is connected to the multicast source, and uses the RP or the DR of the member
groups connected to it as its leaves.

Both the DR and RP are the functions of a PIM router.



An RP collects the information of a multicast source or multicast member on the network.



The DR connected to the multicast source advertises the multicast source information to the RP; the DR connected to multicast
group members advertises the information of multicast group members to the RP.



(*, G), (S,G)



(*, G): Indicates the packets sent from any source to a group (G), the corresponding route entries, and the RPT.



(S, G): Indicates the packets sent from the source (S) to a group (G), the corresponding routing entries, and the SPT.



ASM, SSM

PIM-SM supports both any-source multicast (ASM) and SSM, and it is applicable to different multicast group address segments.



ASM: In this model, a user is not allowed to select a multicast source. The user host joins a group, and receives the packets sent
from all sources.



SSM: Inthis model, auser can selecta multicast source.The user host joins a group and specifies the source address.Thenonly
the packets sent from this source address is received.
RequirementsforusinganSSMmodel:Beforeselectingamulticastsource,youneedtolearntheaddressofthemulticastsource
using other network services.

Overview
Feature

Description

PIM-SM Neighbor

Establishes neighbor relationships between RIM routers to form a PIM network.

DR Election

In the network segment where group member hosts are located, PIM neighbors compete for the DR, and the
one wins the election becomes the DR for connecting to the group members.
In the network segment where the multicast source is located, PIM neighbors compete for the DR, and the
one wins the election becomes the DR for connecting to the multicast source.
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Feature

Description

BSR Mechanism

On a PIM network, the BSR generates periodic candidate RPs and bootstrap packets of corresponding group
addresses.

RP Mechanism

On a PIM network, through static RP configuration or dynamic RP election, the location of the RP can be
learned by each PIM router.

Register Information of

When the multicast source is detected on the network, the source DR sends a register packet to the RP,which

the Multicast Source

obtains the source information and multicast packet.

Creating an RPT

When a group member is detected on the network, the DR connecting to the group members send packets
toward the RP to form an RPT. If the multicast source already exists on the network, the packets arrived at the
RP can be sent to the group members along the RPT.

Creating an SPT

When data packets arrive at the DR connecting to group members, the DR sends these packets toward the
multicast source to form an SPT, and multicast packets are sent to group members along the SPT.

ASM and SSM

A PIM router can provide multicast services of both ASM model and SSM model at the same time. SSM model
appliestothegroupswhose addressesarewithintherange of theSSMaddresses. Forother groups,useASM
model.

19.4.1 PIM-SM Neighbor

Neighbor relationships are established between PIM routers to form a PIM network. Neighbor relationships must be established
between PIM routers before PIM control packets can be exchanged or multicast packets can be forwarded.
Working Principle
A PIM interface sends a Hello packet. For the IPv4 multicast packet whose Hello packet is encapsulated, the destination address is
224.0.0.13 (indicating all PIMrouters inthe same network segment), the source address is theIP address of the PIMinterface, and the
TimeToLive (TTL) value is1. For the IPv6 multicastpacket whose Hellopacket is encapsulated, the destination address is ff02::d.
A Hello packet is used to discover neighbors, coordinate protocol parameters, and maintain neighbor relationships.

 Discovering Neighbors
PIM routers in the same network segment receive multicast packets from the destination address 224.0.0.13. In this way, the PIM
routers obtain neighbor information and establish neighbor relationships.
When a PIM interface is enabled or detects a new neighbor, a triggered-hello-delay packet is used to generate a random time. Within
the time, the interface sends Hello packets.

 Coordinating Protocol Parameters
A Hello packet includes multiple protocol parameters, which are described as follows:
– DR_Priority: indicates the priority of a router interface for competing for the DR. A higher priority means a higher chance of winning.
– Holdtime: Indicates the time in which a neighbor is held in the reachable state
– LAN_Delay: Indicates the LAN delay for transmitting a Prune packet in a shared network segment.
– Override-Interval: Indicates the prune override time carried in a Hello packet.
When a PIM router receives a Prune packet from an upstream interface, it indicates that downstream interfaces exist in the shared
network segment. If the PIM router still needs to receive multicast data, the PIM router must sent a Prune Override packet to the
upstream interface within the override interval.
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LAN_Delay + Override Interval = PPT (Prune-Pending Timer). After a PIM router receives a Prune packet from a downstream interface,
the PIM router will not immediately perform pruning until PPT times out. Within the time of PPT, if the PIM router receives a Prune
rejection packet from the downstream interface, the PIM router cancels pruning.



Maintaining Neighbor Relationships

A Hello packet is sent periodically between PIM routers. If a Hello packet is not received from a PIM neighbor within Holdtime, the
neighbor is considered unreachable and is deleted from the neighbor list. Any change of PIM neighbors will cause change of the
multicast topology in the network. If an upstream or downstream neighbor in an MDT is unreachable, multicast routes converge
again and the MDT is reshaped.
Related Configuration



Enabling PIM-SM on an Interface

By default, PIM-SM is disabled on an interface.
Run ip pim sparse-mode to enable or disable PIM-SM on an interface.
PIM-SM must be enabled on an interface to involve the interface in the PIM protocol. If PIM-SM is not enabled for the interface of a DR,
static RP,candidate RP (C-RP), or candidate BSR (C-BSR), corresponding roles of the PIM protocol cannot be run.



Setting the Interval of Hello Packets on an Interface

By default, a Hello packet is sent every 30s.
Run ip pim query-interval interval-seconds to adjust the interval of Hello packets. The value ranges from 1 to 65,535.
A Hello packet is transmitted less frequently when the value of interval-seconds is greater.
19.4.2 DR Election

In the network segment where group member hosts are located, PIM neighbors compete for the DR, and the one wins the election
becomes the DR for connecting to the group members.
In the network segment where the multicast source is located, PIM neighbors compete for the DR, and the one wins the election
becomes the DR for connecting to the multicast source.
The DR sends Join/Prune packets toward the MDT, or sends the multicast source data to the MDT.
Working Principle
When creating a PIMneighbor,you cansend a Hello packetto obtain the IPaddress and DRpriority of the neighbor to elect a DR.
Two parameters play a key role in winning the DR election: the DR priority of an interface and the IP address of the interface.



DR Priority of an Interface

During the DR election, the RIM router with the highest DR priority will be elected as the DR.



Interface IP Address

During the DR election, if the priority of interfaces is the same, then interface IP addresses will be compared. The interface with the
maximum IP address will be elected as the DR.
Related Configuration

www.fs.com

1474

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Enabling PIM-SM on an Interface

By default, PIM-SM is disabled on an interface.
Run ip pim sparse-mode to enable or disable PIM-SM on an interface.
PIM-SM must be enabled on an interface to involve the interface in the PIM protocol. If PIM-SM is not enabled for the interface of a DR,
static RP,C-RP, or C-BSR, corresponding protocols cannot be run.



Adjusting the DR Priority of an Interface

By default, the DR priority is 1.
Run ip pim dr-priority priority-value to adjust the DR priority of the interface. The value ranges from 0 to 4,294,967,294.
The DR priority is used in the DR election in the network segment directly connected the interface. A greater value indicates a higher
priority.
19.4.3 BSR Mechanism

On a PIM network, the BSR generates periodic candidate RPs and bootstrap packets of corresponding group addresses. These
bootstrap packets are sent hop by hop in the domain. All the routers on the entire network will receive these bootstrap packets, and
record these candidate RPs and their corresponding group addresses.
Working Principle
One or multiple candidate BSRs are configured in a PIM-SM domain. You need to apply a certain algorithm to select the BSR from
these candidate BSRs.
Related Configuration



Configuring Candidate BSRs

By default, candidate BSRs are not configured.
Run ip pim bsr-candidate interface-type interface-number [ hash-mask-length [ priority-value ] ] to configure or cancel the
configuration of candidate BSRs.
Through bootstrap packet (BSM) learning and competition of candidate BSRs, a unique BSR is generated for the PIM-SM domain.



Configuring BSR Boarders

By default, BSR boarders are not configured.
Run ip pim bsr-border to configure or cancel the configuration of BSR boarders.
After this command is configured, BSMs received by the interface will be discarded and will not be forwarded by this interface,
preventing BSM flooding.



Filtering BSMs

By default, BSMs from the BSR are not filtered.
Run ip pim accept-bsr list { <1-99> | <1300-1999> | WORD } to configure whether to filter BSMs.
If this function is enabled, only legible BSMs are received by the interface; if this function is disabled, all the external BSMs will be
received by the device running PIM-SM.
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Configuring Legible C-RP Addresses and the Multicast Groups They Serve for a Candidate BSR

By default, Candidate-RP-Advertisement (C-RP-Adv) packets are not filtered by a candidate BSR.
Run ip pim accept-crp list { <100-199> | <2000-2699> | WORD } to configure whether to filter C-RP-Adv packets.
If this function is enabled, C-RP addresses and corresponding multicast groups are filtered by a candidate BSR. If this function is
disabled, all external C-RP-Adv packets are received by a candidate BSR.



Allowing a C-BSR to Receive a C-RP-ADV Packet Whose Prefix-Count Is 0

By default, a candidate BSR cannot receive a C-RP-ADV packet whose prefix-count is 0.
Run ip pim accept-crp-with-null-group to configure whether to receive a C-RP-ADV packet whose prefix-count is 0.
Ifthisfunctionisenabled, aC-RP-ADV packet whoseprefix-count is0canbe received by acandidate BSR. Ifthisfunctionisdisabled, a
C-RP-ADV packet whose prefix-count is 0 cannot be received by a candidate BSR.
19.4.4 RP Mechanism

On a PIM network, through static RP configuration or dynamic RP election, the location of the RP can be learned by each PIM router.
The RP as the root of the RPT, is the point where the RPT is rooted at and RPT data traffic is forwarded from.
Working Principle
All PIM routers in the same PIM domain must be mapped to the same RP as a specific multicast group address. On a PIM network, an
RP can be configured as static or dynamic.



Static RP

In static RP configuration, RP addresses are configured directly on PIM routers and these addresses are learnt by the entire PIM
network.



Dynamic RP

InaPIM-SMdomain, there arecandidateRPs that send unicast packets(includingRP addresses and the multicast groupsthey serve)
to the BSR, which generates periodic candidate RPs and bootstrap packets of corresponding group addresses. These bootstrap
packets are sent hop by hop in the domain, and received and saved by PIM routers, which apply a hash function to map the group
addresses to the candidate RP that can provide services. Then the RP corresponds to these multicast group addresses can be
confirmed.
Related Configuration



Configuring Static RP Addresses

By default, no RP address is configured.
Run ip pim rp-address rp-address [ access-list ] to configure a static RP address for a PIM router.
Touse static RP addresses, the static RP address of all routers in the PIM-SM domain must be the same, so that the PIM SM multicast
routing remains consistent.



Configuring Candidate C-RP Addresses

By default, no C-RP address is configured.
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Run ip pim rp-candidate interface-type interface-number [ priority priority-value ] [ interval interval-seconds ] [ group-list access-list ]
to configure or cancel a PIM router as a candidate C-RP.
After a candidate RP is configured, it can send periodic C-RP-Adv packets to the BSR, and the information carried by these C-RP-Adv
packets will be advertized to all PIM-SMs in the domain, ensuring the uniqueness of RP mapping.



Ignoring the RP Priority in RP-Set

By default, C-RP of the highest priority is configured.
Run ip pim ignore-rp-set-priority to select or deselect the RP priority when selecting the corresponding RP of a multicast group.
If you want to select an RP from multiples RPs that serve the same multicast group address, you can run this command to ignore the
RP priority. If this command is not configured, RP priority will be considered when two RPs are compared.
19.4.5 Register Information of the Multicast Source

When the multicast source is detected on the network, the source DR sends a register packet to the RP, which obtains the source
information and multicastpacket.
Working Principle
When a source DR receives a multicast packet from the host directly connected to it, the source DR encapsulates the multicast packet
into the register packet, and sends the unicast packet to RP to form an (S, G) entry.
If the RP has an outgoing interface for the forwarding entry, it encapsulates the data packet and forwards the packet to the outgoing
interface.
If the RP does not have the forwarding entry of the present group, it generates the (S, G) entry and enables the timer. If the timer times
out, the RP sends a Register-Stop packet to the DR to delete the entry. The source DR sends an inspection packet before timeout after
it receives the Register-Stop packet.
If no Register-Stop packet is received by the DR, the DR on the timeout data source will encapsulate the multicast data in the register
packet and send the unicast packet to the RP.
If a Register-Stop packet is received by the DR, time-delay will be performed once again, and an inspection packet will be sent before
time delay.
Related Configuration



Detecting the Reachability of a Register Packet

By default, the reachability of an RP is not detected.
Run ip pim register-rp-reachability to configure or cancel the detection of the reachability of an RP.
Youcan enable this function if you want to detect whether an RP is reachable for a register packet sent from a DR. After this function is
enabled, the DR will detect the reachability of a register packet before it is sent to an RP,namely, the DR will check whether a route to
the RP exists in the unicast routing entry and static multicast routing entry. If the route does not exist, the register packet will not be
sent.



Configuring an RP to Filter the Addresses of Register Packets

By default, all register packets are received an RP.
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Run ip pim accept-register { list access-list [route-map map-name ] | route-map map-name [list access-list ] } to configure an RP to
filter or cancel the filtering of the source addresses of received register packets.
You can run this command if you want to filter the source addresses of received register packets. If this function is not enabled, all
register packetswill be received by the RP.If this function is disabled, only the register packets whose source addresses and multicast
group addresses included in access control lists (ACLs) are processed; otherwise, the packets will be filtered.



Limiting the Speed for Sending a Register Packet

By default, the speed for sending a register packet is not limited.
Run ip pim register-rate-limit rate to limit or cancel the limitation of the speed for sending a register packet.
If the no form of this command is configured, the speed is not limited. This command takes effect for only the register packet of each
(S, G) packet, but not all the register packets in the entire system.



Calculating the Checksum of the Entire Register Packet Length

By default, the checksum of a register packet is calculated as stipulated by the protocol.
Run ip pim register-checksum-wholepkt [ group-list access-list ] to configure the checksum of the register packet length.
You can enable this function if you want to include the length of encapsulated multicast packets into the checksum of the register
packet length. If this function is disabled, the checksum of a register packet is calculated as stipulated by the protocol.



Configuring an RP to Forward Multicast Data Packets to Downstream Interfaces After Decapsulating Register Packets

By default, register packets are not decapsulated and multicast packet are not forwarded to interfaces.
Run ip pim register-decapsulate-forward to forward or cancel the forwarding of data packets to downstream interfaces.
You can run this command if you want to decapsulate a register packet and forward the multicast packet. If this function is disabled,
the multicast packet will not be forwarded.



Configuring the Source IP Address of a Register Packet

Bydefault,thesourceIPaddressofaregisterpacketisthesameastheinterfaceaddressoftheDRconnectedtothemulticastsource.
Run ip pim register-source { local_address | Interface-type interface-number } to configure the source IP address.
You can run this command is you want to configure the source IP address of the register packet sent by a DR. If this function is
disabled or the no form of this command is used, the source address of the register packet will be the same as the interface address of
the DR connected to the multicast source. If you want to configure local_address, the configured address must be reachable for a
unicast route. Interface-type interface-number can be a typical a loopback interface or an interface of other types. The interface address
must have been advertised by a unicast route.



Configuring the Suppression Time of a Register Packet

By default, the suppression time of a register packet is 60s.
Run ip pim register-suppression seconds to configure the suppression time.
If you run this command on a DR, you can change the suppression time of the register packets sent from the DR. If you run this
command but does not run ip pim rp-register-kat on an RP, the keepalive period of the RP will be changed.



Configuring the Inspection Time of a Null Register Packet

By default, the inspection time is 5s.
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Run ip pim probe-interval interval-seconds to configure the inspection time.
In the time interval before the timeout of register packet suppression, the source DR can send a null register packet to an RP.This time
interval is called the inspection time, which is 5s by default.

 Configuring the Time of a RP KAT
Bydefault,the defaultvalue ofakeepalive timer (KAT) is used.The default valueis calculatedas follows:Suppression timeof aregister
packet x 3 + Inspection time of a null register packet.
Run ip pim rp-register-kat seconds to configure the KAT time.
You can run this command if you want to configure the keepalive time of (S, G) of a register packet sent from an RP.
19.4.6 Creating an RPT

When a group member is detected on the network, the DR connecting to the group members send packets toward the RP to form an
RPT. If the multicast source already exists on the network, the packets arrived at the RP can be sent to the group members along the
RPT.
Working Principle
To create an RPT, perform the following steps:
A receiver DR receives an IGMP (*, G) include report packet from the receiving end.
IftheDRis not the RPof thisgroup (G),the DRwillsend a (*, G)Joinpacket towardthe RP. The router receivingthis(*,G) Joinpacket
will send the packet hop by hop until it is received by the RP, which means that the RP has joined the RPT.
When the data source host sends the multicast data to a group, the source data is encapsulated in the register packet, and sent from
the source DR to the RP in unicast mode. Then the RP decapsulates the register packet, takes the data packets out, and forwards these
packets to each group member along the RPT.
The RP sends the (S, G) Join packets along the data source to join the SPT of this source.
AftertheSPTbetweentheRPstothesourceDRiscreated,thedatapacketsfromthedatasourcewillbesentdecapsulatedtotheRPs
along the SPT.
Whenthefirstmulticastdatapacket arrivesat an RPalong theSPT, theRPsendsaRegister-StoppackettothesourceDRtostop
sending a register packet. After the source DR receives the Register-Stop packet, it stops encapsulating a register packet and sends
the packet along the SPT to the RP, which will forwards the packet to each group member.
Related Configuration



Configuring the Interval for Sending a Join/Prune Packet

By default, the interval for sending a Join/Prune packet is 60s.
Run ip pim jp-timer seconds to configure the interval for sending a Join/Prune packet.
You can run this command to configure the interval for sending a Join/Prune packet. If not configured, the value will be a default 60s.
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19.4.7 Creating an SPT

When data packets arrive at the DR connecting togroup members, the DR sends these packets toward the multicast sourceto form an
SPT, and multicast packets are sent to group members along the SPT. In this way, the burden on RP in the RPT is reduced, and the
source DR will arrive at the receiver DR with less hops.
Working Principle
To create an SPT, perform the following steps:
ThereceiverDRsends(*,G)JoinpacketstowardthesourceDRalongtheSPT,and(*,G)Joinpacketsarethensendhopbyhopuntil
they are received by the source DR, forming an SPT.
Related Configuration
By default, SPT switchover is not enabled.
Run ip pim spt-threshold [ group-list access-list ] to configure whether to switch to an SPT.
If this function is enabled, upon the reception of the first (S, G) packet, a PIM Join packet is triggered, and an SPT is created. If
group-list is specified, all the specified groups will be switched to the SPT. If the no form of this command is used and group-list is
not specified, an RPT will not be switched toan SPT, and the DR will remain in the RPT and send a Prune packet toward the source DR;
if the no form of this command is used and group-list is specified, and that the ACLs have been configured, it means that the
association between group-list and the ACLs is canceled, and all the groups are allowed to switch from an RPT to an SPT.
19.4.8 ASM and SSM

A PIM router can provide multicast services of both ASM model and SSM model at the same time. SSM model applies to the groups
whose addresses are within the range of the SSM addresses. For other groups, use ASM model. In an ASM model, only the multicast
group (G) is specified for a multicast receiver, and the multicast source (S) is not specified. In an SSMmodel, both the multicast source
(S) and multicast group (G) can be specified for a multicast receiver.
Working Principle
To realize SSM in an IPv4 router, IGMPv3 needs to be applied for managing membership between the host and devices, and
PIM-SM needs to be applied to connect to devices.
Inan SSMmodel, as a multicast receiver has learnt the (S, G) of themulticast sourcethrough a certainchannel (for example, by visiting
the server or receiving an advertisement), when a multicast receiver needs to request a multicast service, the multicast receiver can
send the IGMP (S, G) Join packet toward the router of last hop. For example, as shown in Figure 6-3, the multicast receiver 1 sends the
IGMP(S, G)Joinpackettorequestthemulticastservice (S,G).Aftertherouter oflasthop receivestheIGMP(S,G)Joinpacket,itsends
the PIM (S, G) Join packet to the multicast source hop by hop. As shown in Figure 6- 4, when R 1 receives the IGMP (S, G) Join packet
sent frommulticast Receiver 1, R 1 sends the PIM(S, G) Join packet to R 3, which then sends the packet toR 4, thereby forming an SPT
connecting the multicast receiver and multicast source.
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Figure 6- 4 SSM Model

To create an SSM model, the following requirements need to be met:



Amulticastreceiver needs tolearn the (S, G) of themulticast source inadvance, and anIGMP (S,G) Joinpacket needs tobe sent
if the receiver needs to request a multicast service.



IGMPv3 must be run on the interface of the last hop router connecting to the multicast receiver. IGMPv1 and IGMPv2 does not
support SSM.



PIM-SM and SSM must be run on the devices connecting the multicast receiver and multicast source.
The defaultrange ofSSMgroupsis232/8.Youcanrunacommandtochange thevalue.

An SSM has the following features:



A multicast receiver can learn the information of the multicast source through a certain channel (for example, by visiting the
server or receiving an advertisement) in advance.



An SSM model isa specific subnet of PIM-SM. It handles only the PIM (S, G) Join and PIM (S, G) Prune packets and discards the
RPT-related packets, for example, PIM (*, G) Join/Prune packets, that are within the scope the SSM. If the SSM detects a register
packet within the scope, it will respond immediately with a Register-Stop packet.



If an RP is not required, the election and distribution of RP information are not performed. The MDTs in an SSM are all SPTs.

Related Configuration
ASM is enabled by default.
Run ip pim ssm { default | range access-list } to configure whether to switch to SSM.
In SSM, multicast packets can be received by the multicast source directly but not along the RP tree.

19.5 Configuration
Configuration
Configuring
Functions
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Basic

Description and Command
PIM-SM

(Mandatory) It is used to configure the multicast service.
ip multicast-routing

Enables IPv4 multicast routing.

ip pim sparse-mode

Enables PIM-SM.
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Configuration

Description and Command
ip pim rp-address

Configures a static RP.

ip pim rp-candidate

Configures a C-RP.

ip pim bsr-candidate

Configures a C-BSR.

ip pim ssm

Enables SSM.

(Optional) It is used to configure the parameters for sending and receiving the Hello packets
between neighbors.
ip pim query-interval interval-seconds
ip pim propagation-delay milliseconds
Configuring PIM-SM Neighbors ip pim override-interval milliseconds

Configures the interval for sending Hello
packets.
Configures the prune propagation delay.
Configures the prune override interval.
Enables the suppression capability of an

ip pim neighbor-tracking

interface for sending Join packets.

ip pim triggered-hello-delay

Configures the delay for sending Hello packets.

interval-seconds
ip pim dr-priority priority-value

Configures the DR priority of a Hello packet.

ip pim neighbor-filter access_list

Configures neighbor filtering.

(Optional) It is used to configure a BSR.
ip pim bsr-border
Configuring BSR Parameters

Configures BSR boarders.

ip pim accept-bsr list { <1-99> | <1300-1999> |
WORD }

Configures BSM packets limit on a PIM router.
Configures a C-BSR to inspect the address range

ip pim accept-crp list access-list

of a C-PR.

(Optional) It is used to configure the parameters of an RP or a DR.
ip pim ignore-rp-set-priority

Ignores the C-RP priority.
Enables the source DR to detect the RP

ip pim register-rp-reachability

reachability.

ip pim accept-register list access-list
ip pim register-rate-limit rate

Parameters

RP

and

DR

register-checksum-wholepkt

[

group-list

access-list ]

Calculates the checksum of the entire register
packet.

ip pim

Enables an RP to decapsulate a register packet

register-decapsulate-forward

and forwards the multicast packet to interfaces.

ip pim register-source

Configures the source IP address of a register

{ local_address | Interface-type interface-number }

packet.

ip pim register-suppression seconds
ip pim probe-interval seconds
ip pim rp-register-kat seconds
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addresses.
Limits the speed for sending register packets.

ip pim
Configuring

Configures the range of source register (S, G)

Configures the suppression time of a register
packet.
Configures the inspection time of a null register
packet.
Configures the interval of KATs on an RP.
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Configuration
Configuring the Interval for
Sending a Join/Prune Packet
Configuring the Router of Last
Hop to Switch from an RPT to

Description and Command
(Optional) It is used to specify the interval for sending a Join/Prune packet.
ip pim jp-timer seconds

packet.

(Optional) It is used to switch from SPT to RPT.
ip pim spt-threshold [ group-list access-list ]

SPT

Configures the interval for sending a Join/Prune

Enables SPT switchover.

19.5.1 ConfiguringBasicPIM-SMFunctions

Configuration Effect



Create a PIM-SM network and provide data sources and user terminals on the network with the IPv4 multicast service.



Any of ASM or SSM or both models can be configured.

Notes



PIM-SM needs to use existing unicast routes on the network. Therefore, IPv4 unicast routes must be configured on the network.



If the PIM network needs to support SSM multicast services, IGMPv3 or SSM mapping must be configured.

Configuration Steps



Enabling IPv4 Multicast Routing



Mandatory.



If not specified, IPv4 multicast routing must be enabled on each router.



Enabling PIM-SM



Mandatory.



If not specified, PIM-SM must be enabled on the following interfaces: interconnecting router interfaces, interfaces of static RPs,
C-RPs, and C-BSRs, and the interfaces connecting to the multicast source and user hosts.



Configuring an RP



An RP must be configured if ASM multicast services need to be provided on a PIM network.



An RP can be configured in three models: configuring only a static RP, configuring only a dynamic RP, and configuring both a
static RP and dynamic RP.If both a static RP and dynamic RP are configured, the dynamic RP takes precedence over the static RP.



Configuring a static RP: If not specified, a static RP should be configured on each router.



Configuring a dynamic RP: If not specified, a C-RP and C-BSR should be configured on one or multiple routers.



Enabling SSM



SSM must be enabled if SSM multicast services need to be provided on a PIM network.



If not specified, SSM must be enabled on every router.

Verification
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Send multicast packets from the multicast source to the groups within the address rang of ASM and SSM, and join user hosts to these
groups.



Check whether the user hosts can successfully receive packets from each group.



Check whether PIM-SM routing entries are created on routers correctly.

Related Commands



Enabling IPv4 Multicast Routing

Command

ip multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling PIM-SM

Command

ip pim sparse-mode

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

PIM interfaces must be at Layer-3, including: routing interfaces, aggregate ports(APs), switch virtual interfaces (SVIs),
and loopback interfaces.
For all PIM interfaces, IPv4 unicast routes should be reachable.



Configuring a Static RP

Command

ip pim rp-address rp-address [ access_list ]

Parameter
Description

rp-address: Indicates the address of an RP.
access_list: Specifies the range of multicast group addresses served by a static RP using an ACL. By default, an RP
services all groups.

Command

Global configuration mode

Mode
Usage Guide

This command is used to locate a static RP.
A static RP should be one with good routing performance. It is recommended that the address of the loopback
interface be used as the static RP address.
The static RP of all routers must be the same (including the RP address and the range of multicast group addresses it
serves). It is recommended that the address of the loopback interface be used as the static RP address.
The load can be shared if you configure multiple static RPs to serve different multicast group addresses. It is
recommended that the address of the loopback interface be used as the static RP address.



Configuring a C-RP

Command

ip pim

rp-candidate interface-type interface-number [ priority priority-value ] [ interval seconds ] [ group-list

access_list ]
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Parameter

interface-type interface-number: Uses the address of this interface as the address of the C-RP.

Description

prioritypriority-value: Competes for theRPpriority.Agreater value indicatesahigher priority.The value rangesfrom
0 to 255 (192 by default).
intervalseconds: Indicates theinterval for sending a C-RPpacket to aBSR. The value ranges from1 to 16,383 (60 by
default).
group-list access_list: Specifies the range of multicast group addresses served by a C-RP using an ACL. By default, a
C-RP services all multicast groups.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure a router as a C-RP.
A C-RP should be one with good routing performance. A C-RP and C-BSR can be on the same router or different
routers.
It is recommended that the address of the loopback interface be used as the C-RP address.
If multiple C-RPs serve the same group, redundancy can be realized.
If multiple C-RPs serve the different groups, load can be shared.



Configuring a C-BSR

Command

ip pim bsr-candidate interface-type interface-number [ hash-mask-length [ priority-value ] ]

Parameter

interface-type interface-number: Uses the address of this interface as the address of the C-BSR.

Description

hash-mask-length: Indicates the length of hash mask used to competing for the RP.The value ranges from0 to32 (10
by default).
priority-value: Indicates the priority for competing for the BSR. A greater value indicates a higher priority. The value
ranges from 0 to 255 (64 by default).

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure a router as a C-BSR.
A C-BSR should be one with good routing performance. A C-RP and C-BSR can be on the same router or different
routers.
It is recommended that the address of the loopback interface be used as the C-BSR address.
Configuring multiple C-BSRs can realize redundancy.



Enabling SSM

Command

ip pim ssm { default | range access_list }

Parameter

default: Indicates the default range of SSM group addresses, which is 232.0.0.0/8.

Description

range access_list: Specifies the range of SSM group addresses using an ACL.

Command

Global configuration mode

Mode
Usage Guide



The SSM group addresses configured on all routers must be the same.

Displaying the PIM-SM Routing Entry

Command

show ip pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ] [ proxy ]

Parameter

group-or-source-address: Indicates a multicast group address or source address (the two addresses cannot be

Description

multicast group addresses or source addresses at the same time).
proxy: Indicates the RPF vector carried by an entry.
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Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

Check whether sufficient routing entries are provided.
Check the upstream and downstream interface lists and ensure that a correct SPT tree is created.

Configuration Example



Enabling IPv4 Multicast Routing to Support ASM and SSM

Scenario
Figure 6- 5

Configuration



Steps

Configure a IPv4 unicast routing protocol (such as OSPF) on a router, and the router is reachable for the unicast
route of a loopback interface. (Omitted)



Enable IPv4 multicast routing on all the routers.



Enable PIM-SM on all the interconnected interfaces of the routers, Source, and Receiver.



Configure C-RP and C-BSR on the loopback interfaces of Router A and Router B, and enable PIM-SM on the
loopback interfaces.

A



Enable SSM on all routers.



Enable IGMPv3 on the router interfaces connecting to user terminals. (Omitted)

A# configure terminal
A(config)# ip multicast-routing
A(config)# ip pim ssm default
A(config)# interface GigabitEthernet 0/1
A(config-if)# ip pim sparse-mode
A(config-if)# exit
A(config)# interface GigabitEthernet 0/2
A(config-if)# ip pim sparse-mode
A(config-if)# exit
A(config)# interface loopback 0
A(config-if)# ip pim sparse-mode
A(config-if)# exit
A(config)# ip pim rp-candidate loopback 0
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B

B# configure terminal
B(config)# ip multicast-routing
B(config)# ip pim ssm default
B(config)# interface GigabitEthernet 0/1
B(config-if)# ip pim sparse-mode
B(config-if)# exit
B(config)# interface GigabitEthernet 0/2
B(config-if)# ip pim sparse-mode
B(config-if)# exit
B(config)# interfaceloopback 0
B(config-if)# ip pim sparse-mode
B(config-if)# exit
B(config)# ip pim bsr-candidate loopback 0

Verification

Send packets from S (192.168.1.10) to G 1 (229.1.1.1) and G2 (232.1.1.1). Add the user to G 1 and G 2, and specify the
source when the user joins G 2.



Check that multicast packets from S (192.168.1.10) to G 1 and G 2 are received by the user.



Check the PIM-SM routing entries on Router A and Router B. Entries (*, 229.1.1.1), (192.168.1.10, 229.1.1.1), and
(192.168.1.10, 232.1.1.1) should be displayed.

A

switch#show ip pim sparse-mode mroute
IP Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 3
(S,G) Entries: 2
(S,G,rpt) Entries: 2
FCR Entries: 0
REG Entries: 0

(*, 229.1.1.1)
RP: 192.168.10.10
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

FCR:

(192.168.1.10, 229.1.1.1)
RPF nbr: 192.168.2.1
RPF idx: GigabitEthernet 0/2
SPT bit: 1
Upstream State: JOINED
jt_timer expires in 8 seconds
kat expires in 207 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

Outgoing
0...o............................
1................................

(192.168.1.10, 229.1.1.1, rpt)
RP: 192.168.10.10
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RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: PRUNED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Pruned

Outgoing
0...o............................
1................................

(*, 232.1.1.1)
RP: 192.168.10.10
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

FCR:
(192.168.1.10, 232.1.1.1)
RPF nbr: 192.168.2.1
RPF idx: GigabitEthernet 0/2
SPT bit: 1
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Upstream State: JOINED
jt_timer expires in 8 seconds
kat expires in 207 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

Outgoing
0...o............................
1................................

(192.168.1.10, 232.1.1.1, rpt)
RP: 192.168.10.10
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: PRUNED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Pruned

Outgoing
0...o............................
1................................
(*, 239.255.255.250)
RP: 192.168.10.10

www.fs.com

1490

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

.

Joined
0 . j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .

.

Asserted
0................................
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:

A#
B

B#show ip pim sparse-mode mroute
IP Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G) Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 1

(192.168.1.10, 229.1.1.1)
RPF nbr: 0.0.0.0
RPF idx: None
SPT bit: 1
Upstream State: JOINED
katexpiresin38seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
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0................................
Joined
0..j.............................
Asserted
0................................
Outgoing
0..o.............................

(192.168.1.10, 229.1.1.1, rpt)
RP: 192.168.10.10
RPF nbr: 192.168.2.2
RPF idx: GigabitEthernet 0/2
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Pruned
0................................
Outgoing
0................................

(192.168.1.10, 232.1.1.1)
RPF nbr: 0.0.0.0
RPF idx: None
SPT bit: 1
Upstream State: JOINED
kat expires in 38 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0..j.............................
Asserted
0................................
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Outgoing
0..o.............................

(192.168.1.10, 232.1.1.1, rpt)
RP: 192.168.10.10
RPF nbr: 192.168.2.2
RPF idx: GigabitEthernet 0/2
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Pruned
0................................
Outgoing
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(*, 239.255.255.250)
RP: 192.168.10.10
RPF nbr: 192.168.2.2
RPF idx: GigabitEthernet 0/2
Upstream State: JOINED
jt_timer expires in 15 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0.i..............................
Joined
0................................
Asserted
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:
Common Errors



IPv4 unicast routing is incorrectly configured.



IPv4 multicast routing is not enabled on a certain router.



SSM is not enabled on a router or the SSM group address is different from that of the others'.
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PIM-SM is not enabled on an interface (for example, the interface is configured as a C-RP or C-BSR interface, or is used to
connecting to the user host or used as an interface of the multicast source).



IGMPv3 is not enabled on an interface connecting to the used host.



RP is not configured on the network.



A static RP is not configured on a router, or the configured static RP is different from that on other routers.



C-RPs are configured on the network, but C-BSRs are not.



Static RPs, C-RPs or C-BSRs are unreachable for unicast routes.

19.5.2 ConfiguringPIM-SM Neighbors

Configuration Effect



Coordinate protocol parameters and adjust parameters in the Hello packet.



A RIM router is used to discover neighbors, coordinate protocol parameters, and maintain neighbor relationships.



Maintain neighbor relationships and filter the neighbors.

Notes



Basic PIM-SM functions must be configured.

Configuration Steps



Configure parameters on PIM router interfaces If not specified.

Verification
Configure the parameters of a Hello packet sent from an interface and run debug ip pim sparse-mode packet to display the
parameters.
Enable neighbor filtering and run show ip pim sparse-mode neighbor to display neighbor information.
Related Commands



Configuring the Interval for Sending Hello Packets

Command

ip pim query-interval interval-seconds

Parameter

Indicates the interval for sending Hello packets,

Description

Indicates the suppression time of a register packet in the unit of seconds. The value ranges from 1 to 65,535 (30 by
default).

Command

Interface configuration mode

Mode
Usage Guide

Every time when the interval for sending Hello packets is updated, the holdtime value is automatically updated as 3.5
times of the interval. If the result of the interval for sending Hello packets multiplied by 3.5 is greater than 65,535, the
holdtime value is forcibly updated as 18,725.



Configuring the Prune Propagation Delay

Command

ip pim propagation-delay milliseconds

Parameter

milliseconds: The unit is ms. The value ranges from 1 to 32,767 (500 by default).
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Description
Command

Interface configuration mode

Mode
Usage Guide

Once the prune propagation delay or prune override interval is changed, the Join/Prune packet override interval will
be changed.
As specified by the protocol, the Join/Prune packet override interval must be smaller than the holdtime of a
Join/Prune packet; otherwise, short break-up of traffic may be caused. The administrator should maintain such
configuration.



Configuring the Prune Override Interval

Command

ip pim override-interval milliseconds

Parameter

milliseconds: The unit is ms. The value ranges from 1 to 65,535 (2,500 by default).

Description
Command

Interface configuration mode

Mode
Usage Guide

Once the prune propagation delay or prune override interval is changed, the Join/Prune packet override interval will
be changed.
As specified by the protocol, the Join/Prune packet override interval must be smaller than the holdtime of a
Join/Prune packet; otherwise, short break-up of traffic may be caused. The administrator should maintain such
configuration.



Enabling Suppression Capability of an Interface for Sending Join Packets

Command

ip pim neighbor-tracking

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Once Join packets suppression of an interface is enabled, when the present router is to send a Join packet to the
upstream neighbor, which has sent a Join packet to its own upstream neighbor, the present router will not send the
Joinpacket;if Joinpackets suppression is disabled, the Joinpacket will be sent.When Join packetssuppressionfrom
downstream receivers are disabled, upstream neighbors will learn how many downstream neighbors are there by
counting the Join packets it received, which is called neighbor tracking.



Configuring the Delay for Sending Hello Packets

Command

ip pim triggered-hello-delay interval-seconds

Parameter

Seconds: The unit is second. The value ranges from 1 to 5 (5 by default).

Description
Command

Interface configuration mode

Mode
Usage Guide

When a PIM interface is enabled or detects a new neighbor, a triggered-hello-delay packet is used to generate a
random time. Within the time, the interface sends Hello packets.



Configuring the DR Priority of a Hello Packet

Command
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Parameter

priority-value: Indicates the priority. A greater value indicates a higher priority.

Description

The value ranges from 0 to 4,294,967,294 (1 by default).

Command

Interface configuration mode

Mode
Usage Guide

A DR may be selected based on the following principles:
If all the Hello packets sent from the routers on a local area network (LAN) are configured with priorities, when
selecting a DR, the priorities will be compared, and the router with the highest priority will be selected as the DR. If
the priority of all routers is the same, their IP addresses will be compared, and the router with the maximum IP
address will be selected as the DR.
If the priority of the Hello packets sent from a certain router is not configured, the IP addresses of the routers will be
compared, and the router with the maximum IP address will be selected as the DR.



Configuring Neighbor Filtering

Command

ip pim neighbor-filter access_list

Parameter

access_list: Configures the range of neighbor addresses using a standard IP ACL. The value can be set from 1 to 99 or a

Description

string.

Command

Interface configuration mode

Mode
Usage Guide

Enabling neighbor filtering can enhance the security of the PIM network and limit the range of legible neighbor
addresses. Once a neighbor is filtered out, PIM-SM will not establish peering with it or stop the peering with it.



Displaying the Neighbor Information of an Interface

Command

show ip pim sparse-mode neighbor [ detail ]

Parameter
Description

detail: Displays detailed information.

Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure the interval for sending Hello packets as 50s.



Configure the prune propagation delay as 400 ms.



Configure the prune override interval as 3,000 ms.



Enable suppression capability of an interface for sending Join packets.



Configure the delay for sending Hello packets as 3s.



Configure the DR priority of a hello packet as 5.

FS# configure terminal
FS (config)#int gi 0/1
FS (config-if-GigabitEthernet 0/1)#ip pim query-interval 50
FS (config-if-GigabitEthernet 0/1)#ip pim propagation-delay 400
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FS (config-if-GigabitEthernet 0/1)#ip pim override-interval 3000
FS (config-if-GigabitEthernet 0/1)#ip pim triggered-hello-delay 3
FS (config-if-GigabitEthernet 0/1)#ip pim neighbor-tracking
Verification

Run debug ip pim sparse-mode packet to display the parameters of a Hello packet.
FS# debug ip pim sparse-mode packet
00:01:49:43: %7: VRF(0): Hello send to GigabitEthernet 0/1
00:01:49:43: %7: Send Hello packet
00:01:49:43: %7: Holdtime: 175
00:01:49:43: %7: T-bit: on
00:01:49:43: %7: Propagation delay:400
00:01:49:43: %7: Override interval: 3000
00:01:49:43: %7: DR priority: 5
00:01:49:43: %7: Gen ID: 355154648
00:01:49:43: %7: RPF Vectorcapable

Configuration

Configure neighbor filtering and set the allowed address range to 192.168.1.0 to 192.168.1.255.

Steps
FS# configure terminal
FS (config)#int gi 0/1
FS (config-if-GigabitEthernet 0/1)# ip pim neighbor-filter 1
% access-list 1 not exist
FS(config)# access-list 1 permit 192.168.1.0 0.0.0.255
FS(config)#
Verification

Display neighbor information before neighbor filtering is configured.
FS# show ip pim sparse-mode neighbor
Neighbor

Interface

Uptime/Expires

Ver

DR

Address
192.168.36.89

Priority/Mode
GigabitEthernet 0/1

01:12:13/00:01:32

v2

1/P

Display neighbor information after neighbor filtering is configured.
FS# show ip pim sparse-mode neighbor
Common Errors



Basic PIM-SM functions are not configured or the configuration is not successful.
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19.5.3 Configuring BSR Parameters

Configuration Effect



Configure the address range of BSM packets.

Notes



Basic PIM-SM functions must be configured.



C-RPs and C-BSRs must be configured.



Boarders must be configured on the interfaces between domains.

Configuration Steps



Configuring Boarders



Boarders must be configures if there are multiple domains.



Boarders are configured on the interfaces separating two domains.



Configuring BSM Packets Limit on a PIM Router



Optional.



If not specified, BSM packets limit can be configured on all PIM routers.



Configuring a C-BSR to Inspect the Address Range of a C-PR



Optional.



If not specified, C-PR range inspection can be configured on all C-BSRs.



Allowing a C-BSR to Receive a C-RP-ADV Packet Whose Prefix-Count Is 0



Optional.



If not specified, this function can be configured on all C-BSRs.

Verification



Border Inspection

Enable basic PIM-SM functions. Configure two routers to be in different domains, configure Router B as the C-BSR, and Router A to
receive BSM packets.
Configure the junction of Router A and Router B as the border so that Router A does not receive BSM packets.



Configuring to Inspect BSM Packets Limit on a PIM Router

When basic PIM-SM functions are enabled, and Router B is set as the C-BSR, Router A can receive BSM packets. When the address
range of C-BSRs are limited on Router A, BSM packets will not be received by Router A.



Configuring a C-BSR to Inspect the Address Range of a C-PR

When basic PIM-SM functions are enabled, Router B is set as the C-BSR, and Router A as the C-RP, if the address range of the C-RPs is
limited on C-BSR, Router B will not receive the rackets sent from the C-RPs.
Related Commands
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Configuring BSR Boarders

Command

ip pim bsr-border

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

To prevent BSM flooding, you can configure a BSR boarder on an interface, so that the BSM packets arriving at this
interface will be discarded but not forwarded.



Configuring BSM Packets Limit on a PIM Router

Command

ip pim accept-bsr list { <1-99> | <1300-1999> | WORD }

Parameter
Description

list access-list: Configures the range of BSR addresses using a standard IP ACL. The value can be 1 to 99, 1,300 to
1,999, or astring.

Command

Global configuration mode

Mode
Usage Guide



After this function is enabled, PIM-SM routers receive only the BSM packets sent from legible BSRs.

Configuring a C-BSR to Inspect the Address Range of a C-PR

Command

ip pim accept-crp list access-list

Parameter

list access-list: Specifies the range of C-RP addresses and the multicast group addresses they serve using an extended

Description

IP ACL. The value can be 100 to 199, 2,000 to 2,699, or a string.

Command

Global configuration mode

Mode
Usage Guide

This command should be configured on a C-BSR. When the C-BSR becomes a BSR, it can set the range of legible C-RP
addresses and the range of multicast group addresses they serves.



Displaying BSM Packets Information

Command

show ip pim sparse-mode bsr-router

Parameter

N/A

Description
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide



N/A

Displaying the Packets of All RPs and the Multicast Group Addresses They Serve

Command

show ip pim sparse-mode rp mapping

Parameter

N/A

Description
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
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Configuring BSR Boarders

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



On Router A, configure the address of the C-RP as 192.168.8.8.



OnRouterB,configuretheaddressoftheC-RPas192.168.5.5,andtheaddressoftheC-BSRas192.168.6.6.



Configure a BSR boarder on the junction of Router A and Router B.

FS# configure terminal
FS(config)# int GigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# ip pim bsr-border
FS(config)# end
Verification

Before configuring the boarder, display the BSM information on Router A.
FS# show ip pim sparse-mode bsr-router
PIMv2 Bootstrap information
Thissystem is the Bootstrap Router (BSR)
BSR address: 192.168.6.6
Uptime:

01:14:25,BSR Priority:64,Hash mask length:10

Next bootstrap packet in 00:00:52
Role:CandidateBSR

Priority: 64, Hash mask length: 10

State: ElectedBSR
Candidate RP: 192.168.8.8(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:06
Candidate RP: Indicates all the C-RPs configured on the existing router. It does not include the C-RPs configured
on other routers.
After the boarder is configured, display the BSM information on Router A.
FS# show ip pim sparse-mode bsr-router



Configuring BSM Packets Limit on a PIM Router, Filtering BSM Source Addresses, and Configuring the Range of BSM
Source Addresses to 192.168.1.1 to 192.168.1.255

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



On Router A, configure the address of the C-RP as 192.168.8.8.



OnRouterB,configuretheaddressoftheC-RPas192.168.5.5,andtheaddressoftheC-BSRas192.168.6.6.



On Router A, configure the range of allowed BSM source addresses to 192.168.1.1 to 192.168.1.255.

FS# configure terminal
FS(config)# ip pim accept-bsr list 1
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% access-list 1 not exist
FS(config)# access-list 1 permit 192.168.1.0 0.0.0.255
FS(config)#
Verification

Before configuring BSM packets limit, display the BSM information on Router A.
FS#show ip pim sparse-mode bsr-router
PIMv2 Bootstrap information
BSR address: 192.168.6.6
Uptime:
Expires:

00:00:11, BSR Priority: 64, Hash mask length: 10
00:01:59

Role:Non-candidate BSR

Priority: 0, Hash mask length: 10

State: Accept Preferred
Candidate RP: 192.168.8.8(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:06
After BSM packets limit is configured, display the BSM information on Router A.
FS# show ip pim sparse-mode bsr-router
Candidate RP: 192.168.8.8(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:06



Configuring a C-BSR to Inspect the Address Range of a C-PR, Filtering C-RP Addresses, and Configuring the Range of
C-RP Addresses to 192.168.1.1 to 192.168.1.255

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



On Router A, configure the address of the C-RP as 192.168.8.8.



OnRouterB,configuretheaddressoftheC-RPas192.168.5.5,andtheaddressoftheC-BSRas192.168.6.6.



On Router B, configure the range of allowed C-RP source addresses to 192.168.1.1 to 192.168.1.255.

FS# configure terminal
FS(config)# ip pim accept-crp list 100
% access-list 1 not exist
FS(config)# access-list 1 permit 192.168.1.0 0.0.0.255
FS(config)#
Verification

Before configuring C-RP filtering, display the information of all RP groups on Router B.
FS#show ip pim sparse-mode rp mapping
PIM Group-to-RP Mappings
This system is the Bootstrap Router (v2)
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Group(s): 224.0.0.0/4
RP: 192.168.8.8(Not self)
Info source: 192.168.8.8, via bootstrap, priority 192
Uptime: 00:15:16, expires: 00:02:18
RP: 192.168.5.5(Self)
Info source: 192.168.6.6, via bootstrap, priority 192
Uptime: 18:52:30, expires: 00:02:00
After C-RP filtering is configured, display the information of all RP groups on Router B.
FS#show ip pim sparse-mode rp mapping
PIM Group-to-RP Mappings
This system is the Bootstrap Router (v2)
Group(s): 224.0.0.0/4
RP: 192.168.5.5(Self)
Info source: 192.168.6.6, via bootstrap, priority 192
Uptime: 21:38:20, expires: 00:02:10
After C-RP filtering is configured on a router, only the C-RP packets sent from other routers are filtered, and
those sent from the present router are not filtered.
Common Errors



Basic PIM-SM functions are not configured or the configuration is not successful.



C-BSRs are not configured.



The BSR border is not configured on the interfaces of different domains.

19.5.4 Configuring RP and DR Parameters

Configuration Effect



Ignore the C-RP priority and reselect an RP.



Detect the reachability of an RP for the source DR.



Configure the range of (S, G) addresses of sourceregister packets,and allow the ASM toserve only the multicast packets within
the range.



Limit the speed of the source DR for sending register packets.



Configure the checksum of the register packet length.



Configure an RP to decapsulate register packets and forward the multicast packets to downstream interfaces.



Configure the source IP address of a register packet.



Configure the suppression time of a register packet.



Configure the inspection time of a null register packet.
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Configure the (S, G) lifetime based on the register packet received by an RP.

Notes



Basic PIM-SM functions must be configured.

Configuration Steps



Ignoring the C-RP Priority and Reselecting an RP



Optional.



If not specified, the C-RP priority can be disabled on every router.



Detecting the Reachability of an RP for the Source DR



Optional.



If not specified, this function can be enabled on the DR connected directly to the data source.



Configuring the Range of Source Register (S, G) Addresses



Optional.



If not specified, source register address filtering can be enabled on all C-RPs or static RPs.



Limiting the Speed of the Source DR for Sending Register Packets



Optional.



If not specified, this function can be enabled on the source DR.



Configuring the Checksum of the Register Packet Length



Optional.



If not specified, this function can be enabled on all C-RPs or static RPs.



Configuring Whether to Forward the Multicast Packet After Decapsulating a Register Packet



Optional.



If not specified, this function can be enabled on all C-RPs or static RPs.



Configuring the Source IP Address of a Register Packet



Optional.



If not specified, the source IP address of a register packet can be configured on the DR connected directly to the data source.



Configuring the Suppression Time of a Register Packet



Optional.



If not specified, the suppression time of a register packet can be configured on the DR connected directly to the data source.



Configuring the Inspection Time of a Null Register Packet



Optional.



If not specified, the inspection time of a null register packet can be configured on the DR connected directly to the data source.
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Configuring the (S, G) Lifetime Based on the Register Packet Received by an RP



Optional.



If not specified, the (S, G) lifetime can be configured on all C-RPs or static RPs.

Verification



Ignoring the C-RP priority

On Router A, configure the C-RP address as 192.168.8.8, and default priority as 192. On Router B, configure the C-RP address as
192.168.5.5, priority as 200, and C-BSR address as 192.168.6.6.



Run show ip pim sparse-mode rp 233.3.3.3 to display the RPs of the present group.



Enabling the Source DR to Detect RP Reachability

On Router A, configure the C-RP address as 192.168.8.8, and default priority as 192. On Router B, configure the C-RP address as
192.168.5.5, priority as 192, and C-BSR address as 192.168.6.6. Enable Router B to detect RP reachability.



Run show running-config to check whether the preceding configurations take effect.



Configuring the Range of Source Register (S, G) Addresses

On Router A, configure the C-RP address as 192.168.8.8, and default priority as 192. On Router B, configure the address of the C-BSR as
192.168.6.6. Configure the source address a 192.168.1.100 and the multicast group address as 233.3.3.3. On Router A, configure the
range of allowed source multicast group addresses to 192.168.2.0 to 192.168.2.255.



Run show ip pim sparse-mode mroute to display the (S, G) entry.



Limiting the Speed of the Source DR for Sending Register Packets

Configure the speed of Router B for sending register packets, and run show ip pim sparse-mode track to display the number of
packets that has been sent.



Configuring the Checksum of the Register Packet Length

On Router A, configure to calculate the checksum of the entire register packet length but not just the packet header. Run show
running-config to check the configuration.



Forwarding an RP Register Packet After It Is Decapsulated

On Router A, configure to forward a register packet after it is decapsulated. Run show running-config to display the configuration.



Configuring the Source IP Address of a Register Packet

Configure the source address of a register packet on Router B, and run show running-config to display the configuration.



Configuring the Suppression Time of a Register Packet and the Inspection Time of a Null Register Packet

On Router B, configure the suppression time and inspection time of a register packet, and run show ip pim sparse-mode track to
display the configuration.



Configuring an RP to Receive Register Packets and the (S, G) Lifetime

On Router A, configuring an RP to receive register packets and the (S, G) lifetime, and run show ip pim sparse-mode mroute to
display the maximum (S, G) lifetime.
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Related Commands



Ignoring the C-RP priority

Command

ip pim ignore-rp-set-priority

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Displaying the RP Corresponding to a Group

Command

show ip pim sparse-mode rp-hash group-address

Parameter

group-address: Indicates the parsed multicast group address.

Description
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide



N/A

Enabling the Source DR to Detect RP Reachability

Command

ip pim register-rp-reachability

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After this function is enabled, the source DR will detect the RP reachability before sending a register packet. If the RP
is unreachable, the packet will not be sent.



Configuring the Range of Source Register (S, G) Addresses

Command

ip pim accept-register { list access-list [route-map map-name ] | route-map map-name [list access-list ] }

Parameter
Description

list access-list: Configures the range of (S, G) addresses using an extended IP ACL. The value can be 100 to 199, 2,000
to 2699, or a string.
route-map map-name: Configures the range of (S, G) addresses using a route map.

Command

Global configuration mode

Mode
Usage Guide

This command is run on a static RP or a C-RP to specify the source address and multicast group address of a register
packet.



Displaying a Multicast Routing Entry

Command

show ip pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ] [ proxy ]

Parameter

group-or-source-address: Indicates a multicast group address or source address (the two addresses cannot be

Description

multicast group addresses or source addresses at the same time).
Proxy: Indicates the RPF vector carried by an entry.

Command
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Mode
Usage Guide

You can specify either a multicast group address or source address, or both a multicast group address and source
address; or you can specify neither a multicast group address nor source address. The two addresses cannot be
multicast group addresses or source addresses at the same time.



Limiting the Speed of the Source DR for Sending Register Packets

Command

ip pim register-rate-limit rate

Parameter

Rate: Indicates the maximum number of register packets that can be sent each second. The value ranges from 1 to

Description

65,535.

Command

Global configuration mode

Mode
Usage Guide

This command takes effect for only the register packet of each (S, G) packet, but not all the register packets in the
entire system. Enabling this command can reduce the burden on the source DR and RPs. Only the packets within the
speed limit can be sent.



Displaying the Counters of PIM-SM Packets

Command

show ip pim sparse-mode track

Parameter

N/A

Description
Command

Privileged EXEC mode/Global configuration mode/Interface configuration mode

Mode
Usage Guide

The start time for counting PIM-SM packets is automatically enabled upon system startup. Run clear ip pim
sparse-mode track to reset the start time and clear the PIM-SM packet counters.



Calculating the Checksum of the Entire Register Packet Length

Command

ip pim register-checksum-wholepkt [ group-list access-list ]

Parameter

group-list access-list: Configures the multicast group addresses applicable to this configuration using an ACL.

Description

access-list: The value can be set to 1 to 99, and 1300 to 1999. It also supports the naming of the ACL.

Command

Global configuration mode

Mode
Usage Guide

You can enable this function if you want to calculate the length of the entire PIM-SM packet, including that of the
multicast packet encapsulated in the register packet, but not just the length of the PIM-SM packet header.
If group-list access-list is specified, this configuration takes effect for all multicast group addresses.



Enabling an RP to Decapsulate a Register Packet and Forward the Multicast Packet to Interfaces

Command

ip pim register-decapsulate-forward

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

This command is configured on a static RP or a C-RP.It is used to decapsulate a register packet with multicast packet
and forward the multicast packet to interfaces.
If there are too many register packets to be decapsulated, the CPU will be greatly burdened. In this case, this function
is recommended to be disabled.
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Configuring the Source IP Address of a Register Packet

Command

ip pim register-source { local_address | Interface-type interface-number }

Parameter

local_address: Specifies the source IP address of a register packet.

Description

interface-type interface-number: Specifies the IP address of this interface as the source IP address of the register
packet.

Command

Global configuration mode

Mode
Usage Guide

The specified address must be reachable. When an RP sends a Register-Stop packet, the PIM router corresponds to
thisaddress need torespond. Therefore, it isrecommended that aloopback address (or other physical addresses)be
used.
This configuration does not require the enabling of PIM.



Configuring the Suppression Time of a Register Packet

Command

ip pim register-suppression seconds

Parameter

Seconds: Indicates the suppression timeof a register packet in theunit of seconds.The value ranges from 1 to65,535

Description

(60 by default).

Command

Global configuration mode

Mode
Usage Guide

If you configure this parameter on a DR, the suppression time of a register packet sent from the DR will be changed. If
ip pim rp-register-kat is not configured and if you configure this parameter on an RP, the RP keepalive will be
changed.



Configuring the Inspection Time of a Null Register Packet

Command

ip pim probe-interval seconds

Parameter

Seconds: Indicates the inspection time of a null register packet in the unit of seconds. The value ranges from 1 to

Description

65,535 (5 by default).

Command

Global configuration mode

Mode
Usage Guide

The inspection time of a null register packet indicates the period of time for sending a null register packet to an RP
before the timeout of suppression time.
The inspection time cannot exceed half of the suppression time; otherwise, the configuration will not take effect, and
a warning message will be displayed. Meanwhile, the result of suppression time multiplied by 3 plus the inspection
time cannot exceed 65,535, otherwise, a warning will be displayed.



Configuring the Interval of KATs on an RP

Command

ip pim rp-register-kat seconds

Parameter

Seconds: Indicates the interval of a KAT

Description

in the unit of second. The value ranges from 1 to 65,535 (210 by default).

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example
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Configuring the RPs of Corresponding Multicast Group Addresses When the C-RP Priority is Considered or Not
Considered

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



On Router A, configure the address of the C-RP as 192.168.8.8.



On Router B, configure the address of the C-RP as 192.168.5.5, priority as 200, and the address of the C-BSR as
192.168.6.6.



Display the group corresponding to 233.3.3.3.



Configure to ignore the C-RP priority on Router B.

FS# configure terminal
FS(config)# ip pim ignore-rp-set-priority
Verification

Display the information before you configure to ignore the C-RP priority.
FS# show ip pim sparse-mode rp-hash 233.3.3.3
RP: 192.168.8.8
Info source: 192.168.8.8, via bootstrap

PIMv2 Hash Value 10(mask 255.192.0.0)
RP 192.168.8.8, via bootstrap, priority 192, hash value 1084558102
RP 192.168.5.5, via bootstrap, priority 200, hash value 1094656709
Display the information after you configure to ignore the C-RP priority.
FS# show ip pim sparse-mode rp-hash 233.3.3.3
RP: 192.168.5.5
Info source: 192.168.6.6, via bootstrap

PIMv2 Hash Value 10(mask 255.192.0.0)
RP 192.168.8.8, via bootstrap, priority 192, hash value 1084558102
RP 192.168.5.5, via bootstrap, priority 200, hash value 1094656709



Configuring to Inspect the Reachability of a Source RP

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure to inspect the reachability of a source RP.

FS(config)# ip pim register-rp-reachability
Verification

Run show running-config to check whether the following information is displayed.
FS(config)#show running-config
ip pim register-rp-reachability



Configuring the Range of Source Register (S, G) Addresses

www.fs.com
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Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure source address filtering on Router A. The allowed address range is from 192.168.2.0 to 192.168.2.255.

FS#show ip pim sparse-mode mroute
FS(config)#ip pim accept-register list 101
% access-list 101 not exist
FS(config)#access-list 101 permit ip 192.168.2.0 0.0.0.255 any
FS#show ip pim sparse-mode mroute
Verification

Before enabling source address filtering, run show ip pim sparse-mode mroute to display the multicast entry, and
check whether the (S, G) entry and (S, G, RPT) entry exist.
FS#show ip pim sparse-mode mroute
IP Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G)Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(192.168.1.100, 233.3.3.3)
RPF nbr: 192.168.36.90
RPF idx: VLAN 1
SPT bit: 0
Upstream State: NOT JOINED
kat expires in 187 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0................................
Asserted
0................................
Outgoing
0................................
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(192.168.1.100, 233.3.3.3, rpt)
RP: 192.168.8.8
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Pruned
0................................
Outgoing
0................................

(*, 239.255.255.250)
RP: 192.168.8.8
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0.j..............................
Asserted
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:
After source address filtering is enabled, run show ip pim sparse-mode mroute to display the multicast entry, and
check whether the (S, G) entry and (S, G, RPT) entry exist.

FS#show ip pim sparse-mode mroute
IP Multicast Routing Table

(*,*,RP) Entries: 0

www.fs.com
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(*,G) Entries: 1
(S,G)Entries: 0
(S,G,rpt) Entries: 0
FCR Entries: 0
REG Entries: 0

(*, 239.255.255.250)
RP: 192.168.8.8
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0.j..............................
Asserted
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:



Limiting the Speed of the Source DR for Sending Register Packets

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Check the number of PIM-SM packets sent by Router B.



Check the number of PIM-SM packets sent by Router B in 1s.



Configure the speed of Router B for sending register packets.



Check the number of PIM-SM packets sent by Router B in 1s.

FS (config)#ip pim register-rate-limit 1
Verification

Display the number of PIM-SM packets sent by Router B before you configure the speed. The information should be
displayed as follows:
FS#show ip pim sparse-mode track
PIM packet counters track
Elapsed time since counters cleared: 04d01h01m

Valid PIM packets:

www.fs.com
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sent
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Hello:

11149

17842

Join-Prune:

0

3234

Register:

0

3211

Register-Stop:

3192

0

Assert:

0

0

BSM:

0

5484

C-RP-ADV:

4413

0

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

PIMDM-State-Refresh:

0

UnknownPIMType:

0

Errors:
Malformedpackets:

0

Bad checksums:

0

Senderrors:

0

Packets received with unknown PIM version: 0
FS#
Display the number of PIM-SM packets sent by Router B in 1s before the speed is configured. The information should
be displayed as follows:
FS #show ip pim sparse-mode track
PIM packet counters track
Elapsed time since counters cleared: 04d01h04ms

Valid PIM packets:

sent

18765

29789

Hello:

11154

17852

Join-Prune:

0

3236

Register:

0

3214

Register-Stop:

3195

0

Assert:

www.fs.com
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0

BSM:

0

5487

C-RP-ADV:

4416

0

PIMDM-Graft:

0
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PIMDM-Graft-Ack:
PIMDM-State-Refresh:

0
0

UnknownPIMType:

0

Errors:
Malformedpackets:

0

Bad checksums:

0

Senderrors:

0

Packets received with unknown PIM version: 0
FS#
Display the number of PIM-SM packets sent by Router B after the speed is configured. The information should be
displayed as follows:
FS#show ip pim sparse-mode track
PIM packet counters track
Elapsed time since counters cleared: 04d01h06m

Valid PIM packets:

received

sent

18777

29808

Hello:

11159

17862

Join-Prune:

0

3239

Register:

0

3215

Register-Stop:

3196

0

Assert:

0

0

BSM:

0

5489

C-RP-ADV:

4419

0

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

PIMDM-State-Refresh:
UnknownPIMType:

0
0

Errors:
Malformedpackets:

0

Bad checksums:
Senderrors:

www.fs.com
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Packets received with unknown PIM version: 0
FS#



Configuring the Checksum of the Register Packet Length

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Calculate the checksum of the entire register packet length.



Run show running-config to check whether the preceding configurations take effect.

FS(config)#ip pim register-checksum-wholepkt
Verification

Display the configurations on Router A, which should be as follows:
FS#show running-config
。。。。。
!
ip pim register-checksum-wholepkt
ip pim rp-candidate Loopback 0
!
。。。。



Enabling an RP to Decapsulate a Register Packet and Forward the Multicast Packet to Interfaces

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Enable Router A to forward a register packet.



Run show running-config to check whether the preceding configurations take effect.

FS(config)#ip pim register-decapsulate-forward
Verification

Display the configurations on Router A, which should be as follows:
FS#show running-config
。。。。。。
!
!
ip pim register-decapsulate-forward
ip pim register-checksum-wholepkt
ip pim rp-candidate Loopback 0
!
!
!
。。。。。。



Configuring the Source IP Address of a Register Packet
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Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure the source address of Loop 2 as 192.168.2.2.



Configure source address interface for the register packet of Router B as Loop 2.



Run show running-config to check whether the preceding configurations take effect.

Verification

Display the configurations on Router B, which should be as follows:
FS#show running-config
!
!
!
ip pim register-source Loopback 1
ip pim bsr-candidate Loopback 0
!
!
!
!



Configuring the Suppression Time of a Register Packet and the Inspection Time of a Null Register Packet

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure the suppression time of a register packet on Router B to 20s.



Configure the inspection time of a null register packet on Router B to 2s.



Run show ip pim sparse-mode track to display number of register packets.

FS(config)#ip pim register-suppression 20
FS(config)#ip pim probe-interval 2
Verification

Display the number of register packets on Router B. The information should be displayed as follows:
FS#show ip pim sparse-mode track
PIM packet counters track
Elapsed time since counters cleared: 04d23h15m

Valid PIM packets:

www.fs.com

received

sent

23788

43249

Hello:

13817

23178

Join-Prune:

0

4568

Register:

0

8684

Register-Stop:

4223

0
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Assert:

0

BSM:

0
0

C-RP-ADV:

5748

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

PIMDM-State-Refresh:

6819
0

0

UnknownPIMType:

0

Errors:
Malformed packets:

0

Bad checksums:

0

Send errors:

0

Packets received with unknown PIM version: 0
FS#
FS#
In 18s, display the number of register packets on Router B. The information should be displayed as follows:
FS#show ip pim sparse-mode track
PIM packet counters track
Elapsed time since counters cleared: 04d23h17m

Valid PIM packets:

received

sent

23798

43263

Hello:

13820

Join-Prune:

0

4569

Register:

0

8685

Register-Stop:
Assert:

4224
0

BSM:

www.fs.com

0
5749

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

UnknownPIMType:

0
0

C-RP-ADV:

PIMDM-State-Refresh:

23184

6820
0

0
0
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Errors:
Malformed packets:

0

Bad checksums:
Senderrors:

0
0

Packets received with unknown PIM version: 0
FS#



Configuring an RP to Receive Register Packets and the (S, G) Lifetime

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure Router A to receive register packets and the (S, G) lifetime is 60s.



Run show ip pim sparse-mode mrout to display number of register packets.

FS(config)#ip pim rp-register-kat 60
Verification

After the lifetime is configured, check that the (S, G) lifetime on Router A does not exceed 60s.
FS(config)#show ip pim sparse-mode mroute
IP Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G)Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(192.168.1.100, 233.3.3.3)
RPF nbr: 192.168.36.90
RPF idx: VLAN 1
SPT bit: 0
Upstream State: NOT JOINED
kat expires in 49 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0................................
Asserted
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0................................
Outgoing
0................................

(192.168.1.100, 233.3.3.3, rpt)
RP: 192.168.8.8
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Pruned
0................................
Outgoing
0................................

(*, 239.255.255.250)
RP: 192.168.8.8
RPF nbr: 0.0.0.0
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0.j..............................
Asserted
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:

FS(config)#
FS(config)#show ip pi
Common Errors
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Basic PIM-SM functions are not configured or the configuration is not successful.



The (S, G) of register packets is not configured on a C-RP or static RP,or the configuration is not successful.



The ACL for limiting the (S, G) of register packets is not configured or the range of (S, G) in this ACL is not correctly configured.



The range of (S, G) of register packets on each C-RP or static RP is not the same.

19.5.5 Configuring the Interval for Sending a Join/Prune Packet

Configuration Effect



Change the interval for sending a Join/Prune packet to form an RPT or SPT.

Notes



Basic PIM-SM functions must be configured.

Configuration Steps



Configure the interval for sending a Join/Prune packet.

Verification
On Router B, configure the interval for sending a Join/Prune packet as 120s. Run show ip pim sparse-mode mroute to display the
lifetime of the entry.
Related Commands



Configuring the Interval for Sending a Join/Prune Packet

Command

ip pim jp-timer seconds

Parameter

Seconds: Indicates the interval for sending a Join/Prune packet.

Description

The unit is second. The value ranges from 1 to 65,535 (60 by default).

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the Interval for Sending a Join/Prune Packet

Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure the interval for sending a Join/Prune packet.

FS(config)#ip pim jp-timer 120
Verification

Run show ip pim sparse-mode mroute to display the maximum timeout time of a Join/Prune packet.
FS(config)#show ip pim sparse-mode mroute
IP Multicast Routing Table
(*,*,RP) Entries: 0
(*,G) Entries: 1

www.fs.com
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(S,G) Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 1

(192.168.1.100, 233.3.3.3)
RPF nbr: 0.0.0.0
RPF idx: None
SPT bit: 1
Upstream State: JOINED
jt_timer expires in 96 seconds
kat expires in 92 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

1 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

0 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

1 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

0 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

1 . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

.

Joined

Asserted

Outgoing
0................................
1..o............................
.

(192.168.1.100, 233.3.3.3, rpt)
RP: 192.168.8.8
RPF nbr: 192.168.36.89
RPF idx: GigabitEthernet 0/1
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
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0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pruned
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Outgoing
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(*, 239.255.255.250)
RP: 192.168.8.8
RPF nbr: 192.168.36.89
RPF idx: GigabitEthernet 0/1
Upstream State: JOINED
jt_timer expires in 119 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Joined
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asserted
0................................
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:

VSU(config)#
Common Errors



Basic PIM-SM functions are not configured or the configuration is not successful.

19.5.6 Configuring the Router of Last Hop to Switch from an RPT to SPT

Configuration Effect



Switch from an RPT to SPT

www.fs.com
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Notes



Basic PIM-SM functions must be configured.

Configuration Steps



Configure the router of last hop to switch from an RPT to SPT.

Verification
Configure basic PIM-SM functions first. Configure the source DR to sends the data traffic (*, 233.3.3.3), and the receiving end to join
group 233.3.3.3 forcibly to form an RPT. Configure the receiver DR to switch from the RPT to SPT forcibly. Run show running-config to
display the result.
Related Commands

 Enabling SPT switchover
Command

ip pim spt-threshold [ group-list access-list ]

Parameter
Description

group-list access-list: Specifies the range of multicast group addresses allowed for SPT switchover using an ACL.
access-list:The supported value ranges from 1 to 99 or 1,300 to 1,999. Naming an ACL is also supported.

Command

Global configuration mode

Mode
Usage Guide

If group-list access-list is not specified, all groups are allowed to perform SPT switchover.

Configuration Example

 Configuring the Router of Last Hop to Switch from an RPT to SPT
Configuration



Configure basic PIM-SM functions. (Omitted)

Steps



Configure the source DR to send the data traffic of group 233.3.3.3.



Configure the receiver DR to receive the data traffic of group 233.3.3.3.



Configure the receiver DR of last hop to switch from an RPT to SPT.

FS(config)#ip pim spt-threshold
Verification

Run show running-config to display the configuration.
!
!
ip pim jp-timer 120
ip pim spt-threshold
ip pim rp-candidate Loopback 0
!
!
!
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19.6 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears multicast routing entries.

clear ip mroute { * | group-address [ source-address ] }

Clears the counters of multicast routes. clear ip mroute statistics {* | group-address [ source-address ] }
Clears the information about dynamic

clear ip pim sparse-mode bsr rp-set *

RPs.
Clears thecountersof PIM-SMpackets.

clear ip pim sparse-mode track

Displaying
Description

Command

Displays the details of BSR information.

show ip pim sparse-mode bsr-router

Displays the PIM-SM information of an

show ip pim sparse-mode interface [ interface-type interface-number ] [ detail ]

interface.
Displays the local IGMP information

show ip pim sparse-mode local-members [ interface-type interface-number ]

about a PIM-SM interface.
Displays the information about a PIM-

show ip pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ]

SM

[ proxy ]

multicast

routing

entry,

and

displays the RPF vector of a PIM-SM
entry using proxy.
Displays the information about PIM-SM show ip pim sparse-mode neighbor [ detail ]
neighbors.
Displays the information about the next show ip pim sparse-mode nexthop
hop of PIM-SM obtained from the NSM.
Displays the information about the RP

show ip pim sparse-mode rp-hash group-address

corresponding the multicast group
address group-address.
Displays the information about all the

show ip pim sparse-mode rp mapping

RPs and the groups they serve.
Displays the number of PIM-SM packets

show ip pim sparse-mode track

sent and received sincethestatistic start
time.

20 Configuring PIM-SMv6
20.1 Overview
Protocol Independent Multicast (PIM) is a multicast routing protocol.
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PIM does not rely on a specific unicast routing protocol. It uses the unicast routing table established by any unicast routing protocol to
completethereversepath forwarding(RPF) checkand establishmulticastroutes. PIMdoes not needtotransmitand receivemulticast
route updates. Therefore, the overhead of PIM is much lower than that of other multicast routing protocols.
PIM defines two modes: dense mode and sparse mode. Protocol Independent Multicast Spare Mode (PIM-SM) is applicable to various
network environments.
PIM-SM running on IPv6 is called PIM-SMv6.
Protocols and Standards



RFC4601: Protocol Independent Multicast -Sparse Mode (PIM-SM)



RFC5059: Bootstrap Router (BSR) Mechanism for Protocol Independent Multicast (PIM)



RFC3962: Protocol Independent Multicast - Dense Mode protocol



RFC4607: Source-Specific Multicast for IP

20.2 Applications
Application
ASM

Description

Implementation

by

Using

A receiver receives packets from any multicast source.

by

Using

A receiver selects a multicast source.

PIM-SMv6
SSM

Implementation

PIM-SMv6
Application Example of an Embedded

An embedded RP address is configured within the IPv6 multicast group address.

RP
PIM-SMv6 Application in a Hot Backup The multicast PIM-SMv6 protocol runs in a hot backup environment.
Environment
20.2.1 ASM Implementation by Using PIM-SMv6

Scenario
The multicast service is provided only in one domain.
As shown in the following figure, receivers receive packets from any multicast source.
Figure 7-1

Remarks
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R2 is configured as a rendezvous point (RP).
R3 is directly connected to Receiver A.
R4 is directly connected to Receiver B.
Deployment



Run the Open Shortest Path First for IPv6 (OSPFv6) protocol in the domain to implement unicast routing.



Run the PIM-SMv6 protocol in the domain to implement multicast routing.



Run the Internet Group Management Protocol version 6 (IGMPv6) protocol in a user host network segment to implement group
member management.

20.2.2 SSM Implementation by Using PIM-SMv6

Scenario
The multicast service is provided only in one domain.
As shown in the following figure, receivers receive packets from a specific multicast source.
Figure 7-2

Remarks

R1isdirectlyconnectedtothemulticastsource.
R2 is configured as an RP.
R2 is directly connected to Receiver A.
R2 is directly connected to Receiver B.

Deployment



Run the OSPFv6 protocol in the domain to implement unicast routing.



Run the PIM-SMv6 protocol in the domain to implement multicast routing.



Enable the source-specific multicast (SSM) function of the PIM-SMv6 protocol to implement the SSM function.



Run the Internet Group Management Protocol version 3 (IGMPv3) in a user host network segment to implement group member
management.

20.2.3 Application Example of an Embedded RP

Scenario
The multicast service is provided only in one domain.
As shown in the following figure, an RP address is configured for R2 to make the router become an embedded RP.
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Figure 7- 3

Remarks

R1isdirectlyconnectedtothemulticastsource.
R2 is configured as an RP.
R2 is directly connected to Receiver A.
R2 is directly connected to Receiver B.
R2 is configured as an embedded RP.

Deployment



Run the OSPFv6 protocol in the domain to implement unicast routing.



Run the PIM-SMv6 protocol in the domain to implement multicast routing.



Enable the SSM function of the PIM-SMv6 protocol to implement the SSM function.



Run the IGMPv3 protocol in a user host network segment to implement group member management.



Configure the RP address and embedded RP on R2.

20.2.4 PIM-SMv6 Application in a Hot Backup Environment

Scenario
In a hot backup environment, run PIM-SMv6. A deviceperforms hot backup switching toensure that traffic is not interrupted.
Figure 7-4
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Remarks

R1 is connected to the video server, R2 is directly connected to the receiver, and R2 runs in hot backup mode.
A Layer-3 multicast protocol runs on R1 and R2.

Deployment



Run OSPF on R1 and R2 to implement unicast routing.



Run PIM-SMv6 on R1 and R2 to implement multicast routing.



Make R2 run in two-node cluster hot backup mode.

Remarks

R2 may perform hot backup switching in the hot backup environment. In this case, the query interval of PIM Hello packets
(the default value is 30 seconds) needs to be adjusted on R2 because the keepalive timer of the neighbor in PIM Hello
packets of R1 may have expired (the default value is 3.5 times the query interval, that is, 105 seconds). The multicast
function relies on the unicast function currently, and the multicast function starts conveFSence after the unicast function
conveFSence is complete. For example, the default graceful restart (GR) conveFSence time of the unicast function is 120
seconds. It is recommended that the query interval of PIM Hello packets be set to 60 seconds. The keepalive time of the
neighbor in PIM Hello packets is 210 seconds. In this scenario, the query interval of PIM Hello packets need to be set with a
reference to the GR conveFSence time of the unicast function and the value of 3.5 times the query interval of PIM Hello
packets must be laFSer than the GR conveFSence time of the unicast function. In addition, if the conveFSence time of the
unicast function is long, the transmission interval of PIM Join/Prune packets also need to be adjusted, because the
keepalive time of PIM Join/Prune packets is 3.5 times the transmission interval of PIM Join/Prune packets. The default
keepalivetimeofPIMJoin/Prunepacketsis210seconds.IfR2isconfiguredasadynamicRP,theintervalforacandidateRP
(C-RP) to transmit C-RP notifications also needs to be adjusted. The default transmission interval is 60 seconds and the
keepalive time is 2.5 times the transmission interval of C-RP notifications. For example, if the conveFSence time of the
unicast function is longer than 150 seconds, the transmission interval of C-RP notifications needs to be adjusted. In a hot
backup environment, it is recommended that the query interval of PIM Hello packets be laFSer than the default value (30
seconds). Otherwise, the keepalive timer of the neighbor in PIM Hello packets of the peer end times out during hot backup
switching.

20.3 Features
Basic Concepts



PIM Router and PIM Interface

Routers where the PIM protocol is enabled are called PIM routers. Interfaces where the PIM protocol is enabled are called PIM
interfaces.
Multicast packets are forwarded by PIM routers. The PIM interfaces for receiving multicast packets are called upstream interfaces, and
the PIM interfaces for transmitting multicast packets are called downstream interfaces.
Network segments where upstream interfaces are located are called upstream network segments. Network segments where
downstream interfaces are located are called downstream network segments.



PIM Network and PIM Domain

PIM routers are connected through PIM interfaces and form a PIM network.
On some PIM interfaces, borders are set to divide a large PIM network into multiple PIM domains. The borders may reject specific
multicast packets or limit transmission of PIM messages.
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Multicast Distribution Tree, DR, RP

Multicast packets are transmitted from one point to multiple points. The forwarding path presents a tree structure. This forwarding
path is called a multicast distribution tree (MDT). MDTs are classified into two types:



Rendezvous point tree (RPT): Uses the rendezvous point (RP) as the root and designated routers (DRs) connected to group
members as leaves.



Shortest path tree (SPT): Use the DR connected to a multicast source as the root and the RPs or DRs connected to group
members as leaves.

DRs and RPs are function roles of PIM routers.



RPs collect information about multicast sources and group members in the network.



The DR connected to a multicast source reports multicast source information to the RP and the DRs connected to group
members report the group member information to the RP.



(*,G), (S,G)



(*,G): Indicates the packets transmitted from any source to Group G, routing entries corresponding to the packets, and
forwarding path (RPT) corresponding to the packets.



(S,G):IndicatesthepacketstransmittedfromSourceStoGroupG, routingentriescorresponding tothepackets,and forwarding
path (SPT) corresponding to the packets.



ASM, SSM

PIM-SM supports two multicast service models: any-source multicast (ASM) and source-specific multicast (SSM), which are applicable
to different multicast address segments.



ASM: In the ASM model, a user host cannot select a multicast source. The user host joins a multicast group and receives all
packets sent from all sources to the multicast group.



SSM: In the SSM model, a user host can select a multicast source. The user host specifies the source address when joining a
multicast group, and then receives packets only from the specified source to the multicast group.
SSM model requirement: Other network services must be used to enable a user host to know the position of a multicast source
in advance so that the user host selects the multicast source.

Overview
Feature

Description

Establishment of PIM

Neighbor relationships are established between PIM routers to form a PIM network.

Neighbor Relationships
DR Election

In the shared network segment connected to group members, DR election is conducted among PIM
neighbors to elect the DR connected to group members.
In the shared network segment connected to a multicast source, DR election is conducted among PIM
neighbors to elect the DR connected to the multicast source.

RP Mechanism

In a PIM network, the RP is statically configured or dynamically elected so that each PIM router knows the
position of the RP.

Registration

When a multicast source arises in a network, the DR connected to the multicast source transmits the Register

Information About a

packet to the RP so that the RP obtains information about the multicast source and multicast packets.

Multicast Source
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RPT Establishment

When a group member arises in a network, the DR connected to the group member transmits the Join packet
in the RP direction to establish an RPT. If there is a multicast source in the network, the multicast packet
transmitted to the RP can reach the group member along the RPT.

SPT Establishment

When a data packet reaches the DR connected to a group member, the DR connected to the group member
transmits the Join packet in the multicast source direction to establish an SPT. Then, multicast packets are
forwarded along the SPT.

ASM and SSM Models

PIM routers provide multicast services of the ASM model and SSM model. The SSM model is used for groups
within the SSM address range, and the ASM model is used for other groups.

20.3.1 Establishment of PIM Neighbor Relationships

Neighbor relationships are established between PIM routers to form a PIM network. Neighbor relationships must be established
between PIM routers before other PIM control messages are exchanged or multicast packets are forwarded.
Working Principle
A Hello message is sent by a PIM interface. For the multicast packet for encapsulating the Hello message, the destination address is
ff02::d(indicating all PIM routers in the same network segment), the source addressis the IPaddress of thePIM interface, and the time
to live (TTL) value is 1.
Hello messages are used to discover neighbors, negotiate about protocol parameters, and maintain neighbor relationships.



Discovering PIM Neighbors

PIMrouters in the same network segment receive multicast packets with the destination address of ff02::d.In this way, the PIM routers
obtain neighbor information and establish neighbor relationships.
When a PIM interface is enabled or detects a new neighbor, the Triggered-Hello-Delay message is used to generate a random time
period. Within the time period, the interface sends Hello packets.



Negotiating About Protocol Parameters

A Hello message contains multiple protocol parameters, which are described as follows:
– DR_Priority: Indicates the priority of each router interface for DR election. A higher priority means a higher possibility of being
elected as theDR.
– Holdtime: Indicates the timeout time in which a neighbor is held in the reachable state.
– LAN_Delay: Indicates the delay for transmitting a Prune message in a shared network segment.
– Override-Interval: Indicates the prune override time carried in a Hello message.
When a PIM router receives a Prune message from an upstream interface, it indicates that other downstream interfaces exist in the
shared network segment. If the PIM router still needs to receive multicast data, it must send a Prune Override message to the
upstream interface within the time of Override-Interval.
LAN_Delay + Override-Interval = PPT (Prune-Pending Timer). After a PIM router receives a Prune message from a downstream
interface, it does not immediately perform pruning but waits for PPT timeout. After the PPT times out, the PIM router performs
pruning. Within the time of PPT, if the PIM router receives a Prune Override message from the downstream interface, it cancels
pruning.



Maintaining Neighbor Relationships
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A Hello message is sent periodically between PIM routers. If a Hello packet is not received from a PIM neighbor within Holdtime, the
neighbor is considered unreachable and is deleted from the neighbor list. Any changes in PIM neighbors will cause multicast topology
changes in the network. If an upstream neighbor or a downstream neighbor in an MDT is unreachable, multicast routing reconvergence is performed again and the MDT is migrated.
Related Configuration



Enabling the PIM-SMv6 Function on an Interface

By default, the PIM-SMv6 function is disabled on an interface.
Run the ipv6 pim sparse-mode command to enable or disable the PIM-SMv6 function on an interface.
The PIM-SMv6 function must be enabled on an interface so that the interface participates in the operation of PIM protocols. If the
PIM-SMv6 function is disabled on an interface that functions as a DR, static RP,candidate - rendezvous point (C-RP), or candidate –
bootstrap router (C-BSR), the corresponding protocol role does not take effect.



Adjusting the Transmission Interval of Hello Messages on an Interface

By default, Hello messages are transmitted at an interval of 30 seconds.
Run the ipv6 pim query-interval seconds command to adjust the transmission interval of Hello messages on an interface. The value
ranges from 1 to 65,535.
A larger value of interval-seconds means a larger transmission interval of Hello messages and a smaller value of interval-seconds
means a smaller transmission interval of Hello messages.
20.3.2 DR Election

In the shared network segment connected to group members, DR election is conducted among PIM neighbors to elect the DR
connected to the group members.
In the shared network segment connected to a multicast source, DR election is conducted among PIM neighbors to elect the DR
connected to the multicast source.
The DR transmits the Join/Prune message in the MDT root node direction for the directly connected group members, or transmits
data of the directly connected multicast source to the MDT.
Working Principle
The neighbor IP address and DR priority are obtained from Hello packets of neighbors during establishment of PIM neighbor
relationships, so as to elect the DR.
The key of DR election is the DR priorities and IP addresses of interfaces.



Interface DR Priority

A higher interface DR priority means a higher probability that a PIM router is successfully elected as the DR during the DR election.



Interface IP Address

If interfaces of PIM routers share the same DR priority during DR election, IP addresses of neighbors are compared. A larger IP address
means a higher probability that a PIM router is successfully elected as the DR.
Related Configuration
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Setting IP Addresses of Interfaces

By default, no IP addresses are configured for interfaces.
Run the ipv6 address command to set an IP address for an interface.
When PIM routers share the same DR priority, the PIM router with a larger IP address is elected as the DR.



Enabling the PIM-SMv6 Function on an Interface

By default, the PIM-SMv6 function is disabled on an interface.
Run the ipv6 pim sparse-mode command to enable or disable the PIM-SMv6 function on an interface.
The PIM-SMv6 function must be enabled on an interface so that the interface participates in the operation of PIM protocols. If the
PIM-SMv6 function is disabled on an interface that functions as a DR, static RP,C-RP,or C-BSR, the corresponding protocol role does
not take effect.



Adjusting the DR Priority of an Interface

By default, the DR priority is 1.
Run the ipv6 pim dr-priority priority-value command to adjust the DR priority of an interface. The priority value ranges from 0 to
4,294,967,294.
The DR priority of an interface is used to elect the DR in the directly connected network segment of the interface. A larger priority
value means a higher probability that a PIM router is elected as the DR.
20.3.3 BSR Mechanism

In a PIM network, the bootstrap router (BSR) periodically generates bootstrap messages (BSMs) including information about a series of
C-RPs and relevant group addresses. BSMs are transmitted hop by hop in the entire domain. PIM routers throughout the network
receive BSMs and record information about C-RPs and the relevant group addresses.
Working Principle
One or more C-BSRs are configured in the PIM-SMv6 domain and the BSR is elected from the candidate BSRs according to certain
rules.
Related Configuration



Configuring a C-BSR

By default, no C-BSR is configured.
Run the ipv6 pim bsr-candidate interface-type interface-number [ hash-mask-length [ priority-value ] ] command to configure or cancel
a C-BSR.
C-BSRs elect the globally unique BSR in the PIM-SM domain by means of BSM learning and election. The BSR transmits BSMs.



Configuring the BSR Border

By default, no BSR border is configured.
Run the ipv6 pim bsr-border command to configure or cancel the BSR border.
After this command is configured for an interface, the interface immediately discards the received BSMs and does not forward BSMs,
thereby preventing BSM flooding. No BSR border is configured if this command is not configured.
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Defining the Valid BSR Range

By default, the BSMs of BSRs are not filtered.
Run the ipv6 pim accept-bsr list ipv6_access-list command to define or cancel the BSR range.
After this command is configured, the valid BSR range is defined. If this command is not configured, the device with the PIM-SMv6
function enabled will receive all BSMs.



Configuring a C-BSR to Restrict the Address Range of Valid C-RPs and the Range of Multicast Groups Served by the
C-RPs

A C-BSR receives notifications from all C-RPs.
Run the ipv6 pim accept-crp list ipv6_access-list command to configure whether to filter notifications from C-RPs.
Afterthiscommand isconfigured, theC-BSRrestrictstheaddressrange of validC-RPsand therangeofmulticastgroupsservedby the
C-RPs. If this command is not configured, the C-BSR receives notifications from all C-RPs.



Configuring a C-BSR to Receive C-RP-ADV Packets with prefix-count of 0

By default, a C-BSR does not receive C-RP-ADV packets with prefix-count of 0.
Run the ipv6 pim accept-crp-with-null-group command to configure whether to receive C-RP-ADV packets with prefix-count of 0.
After this command is configured, the C-BSR can receive C-RP-ADV packets with prefix-count of 0. If this command is not configured,
the C-BSR does not process C-RP-ADV packets with prefix-count of 0.
20.3.4 RP Mechanism

In a PIM network, the RP is statically configured or dynamically elected so that each PIM router knows the position of the RP.The RP
servesastherootoftheRPT.TheRPTestablishmentandtheforwardingofRPTdatastreamsmustusetheRPastheforwardingpoint.
Working Principle
All PIM routers in a PIM domain must be able to be mapped to the same RP through a specific multicast group address. RPs are
classified into static RPs and dynamic RPs in a PIM network.



Static RP

In static RP configuration, the RP address is directly configured on each PIM router so that all PIM routers in the PIM network know the
RP address.



Dynamic RP

C-RPsare alsoconfigured in the PIM-SMv6 domain. These C-RPs transmitdata packets that contain their addresses and information
about multicast groups served by them to the BSR in unicast mode. The BSR periodically generates BSMs that contain information
about a series of C-RPs and their group addresses. BSMs are transmitted hop by hop in the entire domain. Devices receive and store
these BSMs. The DR at the receive end uses a hash algorithm to map a group address to the C-RP that can serve the group. Then, the
RP corresponding to the group address can be determined.
Related Configuration



Setting a Static RP Address

By default, no RP address is configured.
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Run the ipv6 pim rp-address ipv6_rp-address [ ipv6_access-list ] command to configure or cancel a static RP address for a PIM router.
An RP must be configured so as to implement ASM in a PIM-SMv6 network. Youcan configure a static RP or dynamic RP.
If a static RP is configured in a PIM-SMv6 network, the static RP configuration on all devices in the PIM-SMv6 domain must be
consistent to prevent multicast route ambiguity in the PIM-SMv6 domain.



Configuring a C-RP Address

By default, no C-RP address is configured.
Run the ipv6 pim rp-candidate interface-type interface-number [ priority priority-value ] [ interval interval-seconds ] [ group-list
ipv6_access-list ] command to configure or cancel a PIM router as a C-RP.
C-RPs periodically transmit C-RP notifications to the BSR. Information contained in these C-RP notifications is dispersed to all
PIM-SMv6 devices in the domain, thereby ensuring the uniqueness of RP mapping.



Ignoring the RP Priority in RP Setting

By default, a C-RP with a higher priority is selected preferentially.
Run the ipv6 pim ignore-rp-set-priority command to specify or ignore the RP priority when selecting the RP for a group.
When one RP needs to be selected for a multicast address and multiple RPs can serve this multicast address, use this command if the
RP priority needs to be ignored during the RP comparison. If this command is not configured, the RP priority will be considered during
the RP comparison.



Configuring the Static RP First

By default, a dynamic C-RP is adopted preferentially.
Run the ipv6 pim static-rp-preferred command to select the static RP first during RP selection.
After this command is configured, the static RP is adopted first. If this command is not configured, a C-RP is adopted first.



Configuring the Embedded RP Function

By default, the embedded RP function is enabled for all IPv6 multicast group addresses where the RP address is embedded.
Run the ipv6 pim rp embedded [ group-list ipv6_acl_name ] command to enable the embedded RP function.
The embedded RP function is the peculiar RP discovery mechanism of IPv6 PIM. This mechanism uses the IPv6 multicast address
where the RP address is embedded, to enable a multicast device to directly extract the RP address from the multicast address. By
default, the embedded RP function is enabled for all IPv6 multicast group addresses where the RP address is embedded.
20.3.5 Registration Information About a Multicast Source

When a multicast source arises in a network, the DR connected to the multicast source transmits the Register packet to the RP so that
the RP obtains information about the multicast source and multicast packets.
Working Principle
The DR at the data source end receives a multicast data packet from the directly connected host, and encapsulates the multicast data
into a Register message. Then, it transmits the Register message to the RP inunicast mode. The RP generates the (S,G) entry.
If the forwarding entry contains an outgoing interface on the RP, the RP forwards the encapsulated data packet to the outgoing
interface.
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If the RP does not have the forwarding entry of the current group, it starts the (S,G) entry start timer. After the timer expires, the RP
transmits the Register-Stop message to the DR and deletes the entry. After the DR at the data source end receives the Register-Stop
message, the DR transmits the probing packet before the Register-Stop message timer expires.
IftheDRdoesnot receivetheRegister-Stopmessage,afterthetimerexpires,theDRatthedatasourceendencapsulatesthemulticast
data into the Register message and transmits it to the RP in unicast mode.
If the DR receives the Register-Stop message, it re-starts the delay and re-transmits the probing packet before the delay expires.
Related Configuration



Configuring Reachability Detection of RP Register Packets

By default, the RP reachability is not detected.
Run the ipv6 pim register-rp-reachability command to set or cancel the RP reachability detection.
If the RP reachability needs to be detected for the Register packet transmitted from the DR to the RP,you can configure this command.
Afterthis command is configured, theRP reachability isdetected before the DR transmits the Register packet to the RP.That is, the DR
queries the unicast routing table and static multicast routing table to check whether a route reachable to the RP exists. If no, the DR
does not transmit the Register packet.



Configuring the RP to Filter Register Packets

By default, the RP allows every received Register packet.
Run the ipv6 pim accept-register { list ipv6_access-list [route-map map-name ] | route-map map-name [list ipv6_access-list ] }
command to enable or disable the RP to filter received Register packets.
Tofilter received Register packetson the RP,configure this command. If thiscommand isnot configured, the RP allows every received
Register packet. If this command is configured, only Register packets whose source addresses and group addresses are allowed by the
ACL are processed. Otherwise, the Register packets are filtered out.



Configuring the Transmission Rate Limit for Register Packets

By default, the transmission rate of Register packets is not limited.
Run the ipv6 pim register-rate-limit rate command to configure whether to limit the transmission rate of Register packets.
If no is set in this command, the transmission rate is not limited. This command is used to configure the transmission rate of Register
packets from the (S,G) multicast group address rather than the transmission rate of Register packets of the entire system.



Configuring the Checksum Calculation of a Register Packet Based on the Entire Register Packet

By default, the checksum in a Register packet is calculated in default mode specified in the protocol.
Run the ipv6 pim register-checksum-wholepkt [ group-list ipv6_access-list ] command to set the packet length for checksum
calculation.
If the entire PIM protocol packet including the encapsulated multicast data packet is used for checksum calculation of a Register
packet, use this command. If this command is not configured, the checksum in a Register packet is calculated in default mode
specified in the protocol.



Configuring the Source Address of Register Packets

By default, the source address of Register packets uses the address of the DR interface connected to a multicast source.
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Run the ipv6 pim register-source { ipv6_local_address | interface-type interface-number } command to configure the source address of
Register packets.
Toconfigure the source address of Register packets transmitted from the DR, use this command. If this command is not configured or
noissetinthiscommand, thesourceaddress ofRegisterpacketsuses theaddressof theDRinterfaceconnectedtoamulticastsource.
If the address parameter of this command is used, the configured address must be a reachable unicast route. If the interface
parameter of this command is used, this interface may be a loopback interface or an interface of other types and the interface address
must be an advertised unicast route.



Configuring the Suppression Time of Register Packets

The default suppression time of Register packets is 60 seconds.
Run the ipv6 pim register-suppression seconds command to configure the suppression time.
If this command is used to configure the suppression time of Register packets, configuring the value on the DR will change the
suppression time of Register packets on the DR. If the ipv6 pim rp-register-kat seconds command is not configured, defining the
value on the RP will change the keepalive time on the RP.



Configuring the Probing Time of NULL Register Packets

The default probing time is 5 seconds.
Run theipv6 pim probe-interval interval-seconds command to set the probing time.
The source DR transmits the NULL-Register packet to the RP within a certain interval prior to the timeout of the suppression time of
the Register packet. This interval is the probing time. The default probing time is 5 seconds.



Configuring the Time Value of the RP KAT Timer

Bydefault,theKATdefaultvalueisused.KATdefaultvalue=Registrationsuppressiontimex3+Registrationdetectiontime.
Run the ipv6 pim rp-register-kat seconds command to set time of the KAT timer.
To configure the keepalive time of Register packets from the (S,G) multicast group address on the RP, use this command.
20.3.6 RPT Establishment

When a group member arises in a network, the DR connected to the group member transmits the Join packet in the RP direction to
establish an RPT. If there is a multicast source in the network, the multicast packet transmitted to the RP can reach the group member
along the RPT.
Working Principle
The RPT establishment process is as follows:
11.

The DR at the receive end receives an MLD (*,G)Include report packet from a receiver.

12.

If the DR at the receive end is not the RP of Group G, the DR at the receive end transmits one (*.G)join packet in the RP direction.
The upstream device that receives the (*.G)join packet transmits the (*.G)join packet in the RP direction. The (*.G)join packet is
transmitted hop by hop till the RP of Group G receives the (*.G)join packet, indicating that the DR at the receive end joins the
RPT.

13.

When the data source host transmits multicast data to a group, the source data is encapsulated intothe Register message and is
transmitted to the RP in unicast mode by the DR at the data source end. The RP decapsulates the Register message, retrieves
the data packet, and then forwards it to each group member along the RPT.
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14.

The RP transmits the (S,G)join packet to the DR at the data source end to join the SPT of this data source.

15.

After the SPT from the RP to the DR at the data source end is established, data packets from the data source are transmitted to
the RP along the SPT without encapsulation.

16.

When the firstmulticast data packet reaches the RP along the SPT, the RP transmits theRegister-Stop messageto the DRat the
data source end to enable the DR to stop the encapsulation of Register packets. After the DR at the data source end receives the
Register-Stop message, it does not encapsulate the Register packets but transmits the Register packets to the RP along the SPT
of the data source. The RP forwards the Register packets to each group member along the RPT.

Related Configuration

 Configuring the Transmission Interval of Join/Prune Packets
The default transmission interval of Join/Prune packets is 60 seconds.
Run the ipv6 pim jp-timer seconds command to set the transmission interval of Join/Prune packets.
To change the default transmission interval of Join/Prune packets, configure this command. If this command is not configured, the
default transmission interval of Join/Prune packets is 60 seconds.
20.3.7 SPT Establishment

When a data packet reaches the DR connected to a group member, the DR connected to the group member transmits the Join packet
inthemulticastsourcedirectiontoestablishan SPT.Then, multicastpacketsareforwardedalong theSPT, therebyrelievingtheload of
the RP in the RPT and reducing the number of hops from the DR at the data source end to the receive end.
Working Principle
The SPT establishment process is as follows:
The DR at the receive end transmits the (*,G)join packet to the DR at the source end along the SPT. The (*,G)join packet is transmitted
hop by hop till the DR at the source end receives the (*,G)join packet, forming an SPT.
Related Configuration
By default, SPT switching is disabled.
Run the ipv6 pim spt-threshold [ group-list ipv6_access-list ] command to configure whether to start SPT switching.
After this command is configured, when the DR receives the (S,G) packet from the first group member, one PIM Join message is
generated and forwarded to the RP to establish a SPT tree. If group-list is defined, the defined group is switched from the RPT to the
SPT. If no is set in this command and group-list is not defined, the switching from the RPT to the SPT is disabled and the device
redirects to the RPT and transmits one Prune packet to the source. If no is set in this command, group-list is defined, and the defined
ACLisaconfiguredACL,theACLassociatedwithgroup-listiscancelledandallgroupsareallowedtoswitchfromtheRPTtotheSPT.
20.3.8 ASM and SSM Models

PIM-SM supports two multicast models: ASM and SSM. In the ASM model, a multicast data receiver specifies only to join a multicast
group G but does not specify the multicast source S. In the SSM model, a multicast data receiver can specify both the multicast source
S and multicast group G.
When the SSM model is implemented over IPv6, MLDv2 needs to be used to manage the member relationship between hosts
and devices and PIM-SMv6 needs to be used to connect devices.
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In the SSM model, a multicast receiver learns about the multicast source (S,G) information by means of some channels (such as
accessing the server or receiving advertisements) in advance. When the multicast receiver needs to order a multicast service, it directly
transmitstheMLD(S,G)Joinpacket tothelast-hopdevice,forexample,as showninthefollowingfigure,MulticastReceiver1transmits
the MLD(S,G) Join packet to order the multicast service (S,G). After receiving the MLD(S,G) Join packet from the multicast receiver, the
last-hop device transmits the PIM(S,G) Join packet to the multicast source hop by hop, for example, as shown in the following figure,
after receiving the MLD(S,G) Join packet from Multicast Receiver 1, R1 transmits the PIM(S,G) Join packet to R3, which transmits the
PIM (S,G) Join packet to R4. As a result, the SPT from the multicast receiver to the multicast source is established.
Figure 7- 5

The following conditions need to be met for the implementation of the SSM model:



Amulticast receiver learns about the multicast source (S,G) information beforehand by means of some channels.The multicast
receiver initiates the MLD(S,G) Join packet to the desired multicast service.



MLDv2 must be enabled on the interface of the last-hop device connected to the multicast receiver. MLDv1 does not support
SSM.



PIM-SM and SSM must be enabled on the intermediate devices between the multicast receiver and the multicast source.
After the SSM function is enabled, the default group range of SSM is FF3x::/32. You can run a command to change the group
range of SSM.

The SSM model has the following features:



In the SSM model, a multicast receiver can learn about the multicast source information in advance by means of some channels
(for example, receiving advertisements or accessing a specified server).



The SSM model is a specific subset of PIM-SM and processes only PIM(S,G) Join and PIM(S,G) Prune messages. It discards
RPT-relevant messages within the SSM range, for example, PIM(*,G) Join/Prune messages. For Register packets within the SSM
range, it immediately responds with the Register-Stop packet.



In the SSM model, no RP is required and the election and distribution of RP messages are not required. The established MDT is
the SPT in SSM.
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20.4 Configuration
20.4.1 Configuring Basic Functions of PIM-SMv6

Configuration Effect



Create a PIM network to provide the IPv6 multicast service for data sources and user terminals in the network.



Both or either of the two multicast service models (ASM and SSM) can be supported.

Notes



PIM-SMv6 needs to use the IPv6 unicast routing function.



If the PIM network needs to support the multicast service of the SSM model, MLDv3 or SSM Mapping needs to be configured.

Configuration Steps



Enabling the IPv6 Multicast Routing Function



Mandatory.



The IPv6 multicast routing function should be enabled on each router unless otherwise specified.



Enabling the PIM-SMv6 Function




Mandatory.

The PIM-SMv6 function should be enabled on the following interfaces unless otherwise specified: router interconnection
interfaces, interfacethat function as a static RP,C-RP,or C-BSR, interfacefor connecting toa multicast source, and interface for
connecting to a user host.



Enabling the PIM-SMv6 PASSIVE Mode



In a PIM network, if an interface needs to receive only multicast data packets and does not need to participate in the
establishment of the PIM network topology, the interface can be configured to work in PIM-SMv6 PASSIVE mode.



The PIM-SMv6 PASSIVE function should be enabled on the following interfaces unless otherwise specified: interface for
connecting the stub network device to a user host. After the PIM-SMv6 PASSIVE mode is configured, this interface neither
transmits nor receives PIM packets.



Configuring an RP



If a PIM network needs to support the multicast service of the ASM model, an RP must be configured.



There are three methods of configuring an RP: configuring only a static RP,configuring only a dynamic RP,and configuring both
a static RP and a dynamic RP.If both a static RP and a dynamic RP are configured, the dynamic RP is preferred.



Configuring a static RP: A static RP should be configured on each router unless otherwise specified.



Configuring a dynamic RP: A C-RP or C-BSR should be configured on one or more routers unless otherwise specified.



Enabling the SSM



If a PIM network needs to support the multicast service of the SSM model, the SSM must be enabled.



The SSM should be enabled on each router unless otherwise specified.

Verification
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Make a multicast source in the network send packets to groups within the range of ASM and SSM and make a user host join the
groups.



Check whether the user host can successfully receive packets from each group.



Check whether correct PIM-SMv6 routing entries are created on routers.

Related Commands



Enabling the IPv6 Multicast Routing Function

Command

ipv6 multicast-routing

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling the PIM-SMv6 Function

Command

ipv6 pim sparse-mode

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Before enabling the PIM-SMv6 function, enable the multicast routing forwarding function in global configuration
mode. Otherwise, multicast data packets cannot be forwarded even if the PIM-SMv6 function is enabled.
When the PIM-SMv6 function is enabled, MLD is automatically enabled on each interface without manual
configuration.
If the message "Failed to enable PIM-SMv6 on <interface name>, resource temporarily unavailable, please try again" is
displayed during the configuration of this command, try to configure this command again.
Ifthe message"PIM-SMv6 Configure failed!VIF limitexceeded in NSM!!!"is displayed during the configuration of this
command, the configured number of multicast interfaces reaches the upper limit of multicast interfaces that can be
configured on the device. If the PIM-SMv6 function still needs to be enabled on an interface, delete some
unnecessary PIM-SMv6 or PIM-DMv6 interfaces.
If an interface is of the tunnel type, only the 6Over4 configuration tunnel, 6Over4 GRE tunnel, 6Over6 configuration
tunnel, and 6Over6 GRE tunnel support the IPv6 multicast function. The multicast function can also be enabled on
tunnel interfaces that do not support the multicast function but no prompts are displayed and multicast packets are
neither received nor transmitted.
Multicast tunnels can be established only on Ethernet ports. Embedded tunnels and QoS/ACL of multicast data are
not supported.



Enabling the PIM-SMv6 PASSIVE Function

Command

ipv6 pim sparse-mode passive

Parameter

N/A

Description
Command

Interface configuration mode

Mode
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Usage Guide

Before enabling the PIM-SMv6 function, enable the multicast routing forwarding function in global configuration
mode.Otherwise,multicastdata packetscannot be forwardedeven ifthePIM-SMv6PASSIVEfunctionisenabled.
When the PIM-SMv6 function is enabled, MLD is automatically enabled on each interface without manual
configuration.
Interfaces with the PIM-SMv6 PASSIVE function enabled neither receive nor transmit PIM packets but can forward
multicast packets. Therefore, the PIM-SMv6 PASSIVE mode is generally configured on the interface of the stub
network device connected to a user host, so as to prevent Layer-2 flooding of PIM Hello packets.



Configuring a Static RP

Command

ipv6 pim rp-address ipv6_rp-address [ ipv6_access-list ]

Parameter

ipv6_rp-address: Indicates the IPv6 address of an RP.

Description

ipv6_access_list: References an IPv6 ACL to restrict the group address range served by the static RP. A named ACL is
supported.

Command

Global configuration mode

Mode
Usage Guide

Multicast static RPs can be configured. A static RP and a C-RP can coexist.
Notes:
1. If both the BSR mechanism and RP static configuration are effective, the dynamic configuration is preferred.
2. A control list can be used to statically configure the address of an RP for multiple multicast groups (using the ACL)
or all multicast groups (without using the ACL), but one static RP address cannot be used multiple times.
3. If multiple static RPs serve the same group, the static RP with a larger IPv6 address is used preferentially.
4. Only multicast groups with the addresses allowed by the ACL are effective. By default, all multicast groups are
allowed.
5. After the configuration is complete, the static RP source address will be inserted into the group range-based static
RP group tree structure. The multicast static group in each group range maintains the linked list structure of one
static RP group. This linked list is arranged in descending order by IPv6 address. When an RP is selected for a group
range, the RP with the largest IPv6 address will be selected.
6. Whena staticRPaddressisdeleted, thisaddressisdeleted fromall existinggroupsand an address isselected from
the existing static RP tree structure as the RP address.



Configuring a C-RP

Command

ipv6 pim rp-candidate interface-type interface-number [ priority priority-value ] [ interval interval-seconds ]
[ group-list ipv6_access-list ]

Parameter

interface-typeinterface-number:Indicatesaninterfacename.ThisinterfaceaddressisusedastheC-RPaddress.

Description

prioritypriority-value: Specifies the priorityof the C-RP.The value ranges from0 to255 and the default value is 192.
interval seconds: Indicates the interval for transmitting C-RP messages to the BSR, with the unit of seconds. The value
ranges from 1 to 16,383 and the default value is 60.
group-list ipv6_access-list: References an IPv6 ACL to restrict the group address range served by the C-RP. A named
ACL is supported.

Command

Global configuration mode

Mode
Usage Guide

In the PIM-SMv6 protocol, the RPT created by the multicast routing uses an RP as the root node. After the BSR is
elected, all C-RPs periodically transmit C-RP messages to the BSR in unicast mode and then the BSR disperses the
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messages in the entire PIM domain.
To specify an interface as the C-RP of a specific group range, contain the ACL option in this command. Note that the
calculation of the group range is based only on the permitted access control entries (ACEs) and denied ACEs are not
involved in the calculation.
If group-list ipv6_access-list is not carried in the command, all groups are served.



Configuring a C-BSR

Command

ipv6 pim bsr-candidate interface-type interface-number [ hash-mask-length [ priority-value ] ]

Parameter

interface-type interface-number: Indicates an interface name. This interface address is used as the C-BSR address.

Description

hash-mask-length: Indicates the hash mask length. The value ranges from 0 to 128 and the default value is 126.
priority-value: Indicates the priority. The value ranges from 0 to 255 and the default value is 64.

Command

Global configuration mode

Mode
Usage Guide

A unique BSR must exist in a PIM-SMv6 domain. The BSR collects and advertises RP information. The unique
well-known BSR is elected from multiple C-BSRs by means of BSMs. All C-BSRs consider that they are the BSR before
knowing the BSR information. They periodically transmit BSMs that contain the BSR address and priority in the
PIM-SMv6 domain.
This command can be used to enable a device to transmit one BSM to all PIM neighbors by using the allocated BSR
address. Each neighbor compares the original BSR address with the address in the received BSM. If the IPv6 address
in the received BSM is equal to or larger than its BSR address, the neighbor stores this address as the BSR address and
forwards the BSM. Otherwise, the neighbor discards the BSM.
The current device deems that it is the BSR till it receives a BSM from another C-BSR and learns that the C-BSR has a
higher priority (or the same priority but a larger IPv6 address).



Enabling the SSM

Command

ipv6 pim ssm { default | range ipv6_access-list }

Parameter

default: The default group address range of SSM is FF3x::/32.

Description

range ipv6_access-list: References an IPv6 ACL to restrict the SSM group address range. A named ACL is supported.

Command

Global configuration mode

Mode
Usage Guide



To apply SSM in a PIM-SMv6 network, you must configure this command.

Displaying the PIM-SM Routing Table

Command

show ipv6 pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ]

Parameter

group-or-source-address: Indicates the group address or source address. The two addresses cannot be group

Description

addresses or source addresses at the same time.

Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

A group address, a source address, or both group address and source address can be specified each time. You can
alsonot specifyaspecificgroupaddressorsourceaddress but youcannot specifytwogroupaddresses ortwosource
addresses at the same time.

Configuration Example



Creating the IPv6 Multicast Service on an IPv6 Network to Support ASM and SSM
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Scenario
Figure 7- 6

Configuration



Steps

Configure an IPv6 unicast routing protocol (such as OSPFv6) on the routers and ensure that the unicast routes of
the loopback interfaces are reachable. (Omitted)



Enable the IPv6 multicast routing function on all routers.



Enable the PIM-SMv6 function on device interconnection interfaces, interface for connecting to the user host, and
interface for connecting to the multicast source.



Configure a C-RP and a C-BSR on the loopback interfaces of Router A and Router B. Enable the PIM-SMv6 function
on the loopbackinterfaces.

A



Enable SSM on all routers.



Enable MLDv3 on the router interface for connecting to the user host. (Omitted)

switch(config)#ipv6 multicast-routing
switch(config)#ipv6 pim ssm default
switch(config)#int gi 0/2
switch(config-if-GigabitEthernet 0/2)#ipv6 add 2000::2/64
switch(config-if-GigabitEthernet 0/2)#ipv6 pim sparse-mode
switch(config-if-GigabitEthernet 0/2)#exit
switch(config)#int gi 0/1
switch(config-if-GigabitEthernet 0/1)#ipv6 add 1000::1/64
switch(config-if-GigabitEthernet 0/1)#ipv6 pim sparse-mode
switch(config-if-GigabitEthernet 0/1)#exit
switch(config)#int Loopback 0
switch(config-if-Loopback 0)#ipv6 add 3000::5/64
switch(config-if-Loopback 0)#ipv6 pim sparse-mode
switch(config-if-Loopback 0)#exit
switch(config)#ipv6 pim rp-candidate Loopback 0

B
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FS(config)#ipv6 pim ssm default
FS(config)#int gi 0/2
FS(config-if-GigabitEthernet 0/2)#ipv6 add 2000::1/64
FS(config-if-GigabitEthernet 0/2)#ipv6 pim sparse-mode
FS(config-if-GigabitEthernet 0/2)#exit
FS(config)#int gi 0/1
FS(config-if-GigabitEthernet 0/1)#ipv6 add 1100::1/64
FS(config-if-GigabitEthernet 0/1)#ipv6 pim sparse-mode
FS(config-if-GigabitEthernet 0/1)#exit
FS(config)#int Loopback 0
FS(config-if-Loopback 0)#ipv6 add 5000::5/64
FS(config-if-Loopback 0)#ipv6 pim sparse-mode
FS(config-if-Loopback 0)#exit
FS(config)#ipv6 pim bsr-candidate Loopback 0

Verification

A

Make Source(2000::2/64) send packets to G1(ff16::1) and make User join G1.



Check the multicast packetsreceived by the User.The User should be able toreceive multicast packets from G1.



Check PIM-SMv6 routing tables on Router A and Router B. Entries should exist on the PIM-SMv6 routing tables.

switch(config)# show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G) Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(*, ff16::1)
RP: 3000::5
RPF nbr: ::
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Local
0 . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

FCR:

(1100::2, ff16::1)
RPF nbr: fe80::21a:a9ff:fe3a:6355
RPF idx: GigabitEthernet 0/2
SPT bit: 1
Upstream State: JOINED
jt_timer expires in 44 seconds
kat expires in 194 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted

Outgoing
0..o.............................
1................................

(1100::2, ff16::1, rpt)
RP: 3000::5
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RPF nbr: ::
RPF idx: None
Upstream State: PRUNED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
1................................
Pruned
0................................
1................................
Outgoing
0..o.............................
1................................
B

FS#show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 0
(S,G) Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 1

(1100::2, ff16::1)
RPF nbr: ::
RPF idx: None
SPT bit: 1
Upstream State: JOINED
kat expires in 20 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Joined
0.j..............................
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Asserted
0................................
Outgoing
0.o..............................

(1100::2, ff16::1, rpt)
RP: 3000::5
RPF nbr: fe80::2d0:f8ff:fe22:341b
RPF idx: GigabitEthernet 0/2
Upstream State: RPT NOT JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................
Pruned
0................................
Outgoing
0................................
Common Errors



IPv6 unicast routing is incorrectly configured.



IPv6 multicast routing is not enabled on a router.



SSM is not enabled on a router or the SSM group address range of the router is different from that of other routers.



PIM-SMv6 is not enabled on an interface (for example, interface that is specified as a C-RP or C-BSR, or interface that functions as
the gateway of a user host or multicast source).



MLDv3 is not enabled on an interface connected to a user host.



No RP is configured in the network.



No static RP is configured on a router or the configured static RP is different from that on other routers.



A C-RP is configured but no C-BSR is configured in the network.



The unicastroute to the static RP,C-RP,or C-BSR is unreachable.

20.4.2 Configuring PIM Neighbor Parameters

Configuration Effect



Negotiate about protocol parameters and adjust parameters in a Hello packet.



PIM routers discover neighbors, negotiate about protocol parameters, and maintain neighbor relationships.



Protect neighbor relationships to restrict neighbors.
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Notes



The basic functions of PIM-SMv6 must be configured.

Configuration Steps



Set parameters on each PIM router interface unless otherwise specified.

Verification
Set parameters in a Hello packet on an interface and run the debug ipv6 pim sparse-mode packet command to check parameters in
the Hello packet.
Set neighbor filtering and run the show ipv6 pim sparse-mode neighbor command to check the neighbor relationship.
Related Commands



Configuring the Transmission Interval of Hello Messages

Command

ipv6 pim query-interval seconds

Parameter

Indicates the transmission interval of Hello packets.

Description

The unit is seconds. The value ranges from 1 to 65,535 and the default value is 30.

Command

Interface configuration mode

Mode
Usage Guide

Each time the transmission interval of Hello messages is updated, the Holdtime of Hello messages is accordingly
updated according to the following rule: The Holdtime of Hello messages is updated to 3.5 times transmission
interval of Hello messages. If the transmission interval of Hello messages multiplied by 3.5 is larger than 65,535, the
transmission interval of Hello messages is forcibly updated to 18,725.



Configuring the Propagation Delay for Hello Messages

Command

Ipv6 pim propagation-delay milliseconds

Parameter

milliseconds: The unit is milliseconds. The value ranges from 1 to 32,767 and the default value is 500.

Description
Command

Interface configuration mode

Mode
Usage Guide

Changing the propagation delay or prune override delay will affect J/P-override-interval. According to the protocol,
J/P-override-interval must be smaller than the Holdtime of Join-Prune packets.Otherwise, short flow interruption will
be incurred. This must be maintained and guaranteed by network administrators.



Configuring the Prune Override Interval for Hello Messages

Command

ipv6 pim override-interval milliseconds

Parameter

milliseconds: The unit is milliseconds. The value ranges from 1 to 65,535 and the default value is 2500.

Description
Command

Interface configuration mode

Mode
Usage Guide

Changing the propagation delay or prune override delay will affect J/P-override-interval. According to the protocol,
J/P-override-interval must be smaller than the Holdtime of Join-Prune packets.Otherwise, short flow interruption will
be incurred.
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Configuring the Interface Joining Suppression Capability for Hello Messages

Command

ipv6 pim neighbor-tracking

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

When the joining suppression capability of an interface is enabled and the local router needs to transmit a Join
packet to an upstream neighbor, the Join packet of the local router is suppressed and is not transmitted if the local
router receives a Join packet from a neighbor to the upstream router. If the joining suppression capability of the
interface is disabled, the local router transmits the Join packet. When the joining suppression capability of a
downstream receiver is disabled, the upstream neighbor can accurately know the number of receivers connected to
the downstream neighbor through the received Join packet, thereby implementing neighbor tracking.



Configuring the Delay of Sending Out Hello Messages

Command

Ipv6 pim triggered-hello-delay seconds

Parameter

Seconds: The unit is seconds. The value ranges from 1 to 5 and the default value is 5.

Description
Command

Interface configuration mode

Mode
Usage Guide

When an interface is enabled or detects a new neighbor, the Triggered-Hello-Delay message is used to generate a
random time period. Within the time period, the interface sends Hello packets.



Configuring the DR Priority for Hello Messages

Command

Ipv6 pim dr-priority priority-value

Parameter

priority-value: Indicates the priority. A larger value means a higher priority.

Description

The value ranges from 0 to 4,294,967,294 and the default value is 1.

Command

Interface configuration mode

Mode
Usage Guide

The process of selecting a DR is as follows:
The priority parameter is set for Hello packets of devices in the same LAN. The priority is compared for the selection
of a DR. The device with a higher priority is the DR. If multiple devices share the same priority, the device with a larger
IP address is the DR.
When the priority parameter is not set for Hello packets of a device in a LAN, the device with a larger IP address is
elected as the DR in the LAN.



Configuring Neighbor filtering

Command

ipv6 pim neighbor-filter ipv6_access-list

Parameter

ipv6_access-list: References an IPv6 ACL to restrict the neighbor address range.

Description
Command

Interface configuration mode

Mode
Usage Guide

This command can be used to filter neighbors to strengthen the security of the PIM network and restrict the address
range of legitimate neighbors. If a neighbor is rejected by an ACL, PIM-SMv6 will not establish a peering relationship
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with this neighbor or suspend the peering relationship with this neighbor.



Displaying Neighbor Information About an Interface

Command

show ipv6 pim sparse-mode neighbor [ detail ]

Parameter

detail: Displays details.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Configuration Example
Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Set the transmission interval of Hello packets of PIM-SMv6 to 50 seconds.



Set the propagation delay of Hello packets of PIM-SMv6 to 400 milliseconds.



Set the prune override interval of Hello packets of PIM-SMv6 to 3,000 milliseconds.



Configure the interface joining suppression capability for Hello messages of PIM-SMv6.



Set the delay of sending out Hello messages of PIM-SMv6 to 3 seconds.



Set the DR priority of Hello messages of PIM-SMv6 to 5.

switch# configureterminal
switch (config)#int gi 0/1
switch (config-if-GigabitEthernet 0/1)#ipv6 pim query-interval 50
switch (config-if-GigabitEthernet 0/1)#ipv6 pim propagation-delay 400
switch (config-if-GigabitEthernet 0/1)#ipv6 pim override-interval 3000
switch (config-if-GigabitEthernet 0/1)#ipv6 pim triggered-hello-delay 3
switch (config-if-GigabitEthernet 0/1)# ipv6 pim dr-priority 5
Verification

Run the debug ipv6 pim sparse-mode packet command to check parameters in a Hello packet.
switch # debug ipv6 pim sparse-mode packet
*Jan 2 02:37:55: %7: Hello send to GigabitEthernet 0/2
*Jan 2 02:37:55: %7: Send Hello message
*Jan 2 02:37:55: %7: Holdtime: 175
*Jan 2 02:37:55: %7: T-bit: off
*Jan 202:37:55: %7: Propagationdelay: 400
*Jan 202:37:55: %7: Overrideinterval: 3000
*Jan 2 02:37:55: %7: DR priority: 5
*Jan 2 02:37:55: %7: Gen ID: 99572792
*Jan 2 02:37:55: %7: Secondary Addresses:
*Jan 202:37:55: %7:
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Configuration

Configure neighbor filtering on an interface to receive neighbor packets with the address of (8000::1/64).

Steps
switch(config-if-GigabitEthernet 0/2)#ipv6 pim neighbor-filter acl
% access-list acl not exist
switch(config-if-GigabitEthernet 0/2)#exit
switch(config)#ipv6 access-list acl
switch(config-ipv6-acl)#permit ipv6 8000::1/64 any
Verification

Before neighbor filtering is configured, display the neighbor information.
switch#show ipv6 pim sparse-mode neighbor
NeighborAddress

Interface

Uptime/Expires

DR
Pri/Mode

fe80::21a:a9ff:fe3a:6355
Verification

GigabitEthernet 0/2

00:32:29/00:01:16 1 /

After neighbor filtering is configured, the neighbor information is blank.
switch#show ipv6 pim sparse-mode neighbor

Common Errors



The basic functions of PIM-SMv6 are not configured or fail to be configured.

20.4.3 Configuring BSR Parameters

Configuration Effect



Restrict the range of BSMs.

Notes



The basic functions of PIM-SMv6 must be configured.



A C-RP and a C-BSR must be configured.



The border must be configured on the interface between domains.

Configuration Steps



Configuring the Border



The border must be configured if there are multiple domains.



Configure the border the interface between two domains.



Configuring a PIM Router to Restrict BSMs



Optional.



This configuration can be performed on a PIM router unless otherwise specified.
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Configuring a C-BSR to Restrict the C-PR Range



Optional.



This configuration can be performed on all C-BSRs unless otherwise specified.



Configuring a C-BSR to Receive C-RP-ADV Packets with prefix-count of 0



Optional.



This configuration can be performed on all C-BSRs unless otherwise specified.

Verification



Verifying the Border

Enable the basic functions of PIM-SMv6, set two routers in different domains, and set Router B as a C-BSR. Router A can normally
receive BSMs.
Set the common border between Router A and Router B as a border interface. Router A cannot receive BSMs.



Verifying a PIM Router to Restrict BSMs

Enable the basic functions of PIM-SMv6 and set Router B as a C-BSR. Router A can normally receive BSMs. Restrict the C-BSR range on
Router A. Router A cannot receive BSMs.



Verifying a C-BSR to Restrict the C-PR Range

Enable the basic functions of PIM-SMv6, set Router B as a C-BSR, set Router A as a C-RP,and restrict the C-RP range on the C-BSR.
Router B cannot receive packets from the C-RP.
Related Commands



Configuring the BSR Border

Command

ipv6 pim bsr-border

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

The BSR border can be configured on an interface to restrict flooding of BSMs. When this interface receives BSMs, it
immediately discards them and BSMs are not forwarded by this interface.



Configuring a PIM Router to Restrict BSMs

Command

ipv6 pim accept-bsr list ipv6_access-list

Parameter

list ipv6_access-list: References an IPv6 ACL to restrict the BSR address range. A named ACL is supported.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a C-BSR to Restrict the C-PR Range

Command
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Parameter

list ipv6_access-list: References an IPv6 ACL to restrict the address range of the C-RP and the group address range

Description

served by the C-RP. A named ACL is supported.

Command

Global configuration mode

Mode
Usage Guide

Configure this command on a C-BSR. When this C-BSR is elected as the BSR, it can restrict the address range of the
valid C-RP and the multicast group range served by the C-RP.



Displaying BSMs

Command

show ipv6 pim sparse-mode bsr-router

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide



N/A

Displaying All RPs Configured on the Local Device and the Multicast Groups Served by the RPs

Command

show ipv6 pim sparse-mode rp mapping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the BSR Border

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure the BSR border on the juncture interface between Router B and Router A.

FS(config-if-GigabitEthernet 0/2)#ipv6 pim bsr-border
Verification
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switch#show ipv6 pim sparse-mode bsr-router
PIMv2 Bootstrap information
BSR address: 5000::5
Uptime:
Expires:

00:05:42, BSR Priority: 64, Hash mask length: 126
00:01:28

Role: Non-candidate BSR Priority: 0, Hash mask length: 126
State: Accept Preferred

Candidate RP: 3000::5(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:24

switch#
Candidate RP: Indicates all C-RPs configured on the local router, excluding other routers.
After the BSR border is configured, the BSM information of Router A is displayed as follows:
switch#show ipv6 pim sparse-mode bsr-router

Candidate RP: 3000::5(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:53



Configuring a PIM Router to Restrict the Source Address Range of BSMs to (8000::5/64)

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure PIM Router A to restrict BSMs. The restricted source address range is (8000::5/64).

switch(config)#ipv6 access-list acl
switch(config-ipv6-acl)#permit ipv6 8000::5/64 any
switch(config-ipv6-acl)#exit
switch(config)#ipv6 pim accept-crp list acl
Verification
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switch#show ipv6 pim sparse-mode bsr-router
PIMv2 Bootstrap information
BSR address: 5000::5
Uptime:
Expires:

00:05:42, BSR Priority: 64, Hash mask length: 126
00:01:28

Role: Non-candidate BSR Priority: 0, Hash mask length: 126
State: Accept Preferred

Candidate RP: 3000::5(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:24

switch#
After the BSM restriction is configured, the BSM information of Router A is displayed as follows:
switch#show ipv6 pim sparse-mode bsr-router

Candidate RP: 3000::5(Loopback 0)
Advertisement interval 60 seconds
Next Cand_RP_advertisement in 00:00:34



Configuring a C-BSR to Restrict the Source Address Range of C-PR Packets to (9000::5/64)

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure Router B to restrict C-RP packets.The restricted source address range is (9000::5/64).

FS(config)#ipv6 access-list acl
FS(config-ipv6-acl)#permit ipv6 9000::5/64 any
FS(config-ipv6-acl)#exit
FS(config)#ipv6 pim accept-crp list acl
Verification
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FS#show ipv6 pim sparse-mode rp mapping
PIM Group-to-RP Mappings
This system is the Bootstrap Router (v2)
Group(s): ff00::/8
RP: 3000::5(Not self)
Info source: 3000::5, via bootstrap, priority 192
Uptime: 00:02:26, expires: 00:02:08

FS#
After C-RP packet filtering is configured, information about all RP groups on Router B is displayed as follows:
FS#show ipv6 pim sparse-mode rp mapping
PIM Group-to-RP Mappings
This system is the Bootstrap Router (v2)



Configuring the Static RP First

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Set the address of Interface Loopback0 of Router A to 3000::5. (Omitted)



Set the address of Interface Loopback1 of Router A to 4000::5. (Omitted)



Set the static address of Router A to 3300::5. (Omitted)



Set the static address of Router B to 3300::5.



Configure the static RP first on Router A.

switch(config)#ipv6 pim rp-address 3300::5
switch(config)#ipv6 pim static-rp-preferred
Verification

Before static RP first is configured, display information about the RP corresponding to FF16::1.
switch#show ipv6 pim sparse-mode rp ff16::1
RP: 4000::5
Info source: 5000::5, via bootstrap

PIMv2 Hash Value 126
RP 4000::5, via bootstrap, priority 56, hash value 892666309
RP 3000::5, via bootstrap, priority 200, hash value 1161101765
RP 3300::5, static (hash value 204800453 not used)
Verification
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switch(config)#show ipv6 pim sparse-mode rp ff16::1
RP: 3300::5 (Static)

PIMv2 STATIC RP PREFERRED
PIMv2 Hash Value 126
RP 4000::5, via bootstrap, priority 56, hash value 892666309
RP 3000::5, via bootstrap, priority 200, hash value 1161101765
RP 3300::5, static (hash value 204800453 not used)

switch(config)#
Common Errors



The basic functions of PIM-SMv6 are not configured or fail to be configured.



No C-BSR is configured.



The BSR border is not configured on an interface between different domains.

20.4.4 Configuring RP and DR Parameters

Configuration Effect



Configure the ignorance of the C-RP priority for the RP reselection.



Configure the DR at the data source end to detect the RP reachability.



Restrict the (S,G) multicast group address of the data source so that the ASM model provides the multicast service only for
multicast packets within the allowable range.



Configure the rate limit for the DR at the data source end to transmit Register packets.



Configure the checksum length of Register packets.



Configure the source address of Register packets.



Configure the suppression time of Register packets.



Configure the probing time of NULL packets.



Configure the TTL of Register packets received by the RP from the (S,G) multicast group address.



Configure the static RP first.

Notes



The basic functions of PIM-SMv6 must be configured.

Configuration Steps



Configuring the Ignorance of the C-RP Priority for the RP Reselection



Optional.
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The ignorance of the C-RP priority can be enabled on each router unless otherwise specified.



Configuring the DR at the Data Source End to Detect the RP Reachability



Optional.



The reachability detection can be enabled on the DR that is directly connected to the data source unless otherwise specified.



Restricting the (S,G) Address Range of Register Packets at the Data Source End



Optional.



The(S,G)addressrangeofRegisterpacketsatthedatasourceendcanberestrictedonallroutersthatfunctionasC-RPsorstatic
RPs unless otherwise specified.



Restricting the Rate for the DR at the Data Source End to Transmit Register Packets



Optional.



The transmission rate limit of Register packets can be enabled on the DR that is directly connected to the data source unless
otherwise specified.



Configuring the Checksum Length of Register Packets



Optional.



The checksum length of Register packets can be configured on all C-RPs or static RPs unless otherwise specified.



Configuring the Source Address of Register Packets



Optional.



The source address of Register packets can be configured on the DR that isdirectly connected to the data source unless
otherwise specified.



Configuring the Suppression Time of Register Packets



Optional.



The suppression time of Register packets can be configured on the DR that is directly connected to the data source unless
otherwise specified.



Configuring the Probing Time of NULL Packets



Optional.



The probing time of NULL packets can be configured on the DR that is directly connected to the data source unless otherwise
specified.



Configuring the TTL of Register Packets Received by the RP from the (S,G) Multicast Group Address



Optional.



The TTL of Register packets from the (S,G) multicast group address can be configured on all routers that function as C-RPs or
static RPs unless otherwise specified.



Configuring the Static RP First



Optional.
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The static RP first can be configured on all routers unless otherwise specified.

Verification



Verifying the Ignorance of the C-RP Priority

Set the address to 3000::5 and priority to 200 for Interface Loopback0 on Router A. Set the address to 4000: : 5 and priority to 56 for
Interface Loopback1 on Router A. Set the C-BSR address to 5000: : 5 on Router B.



Run the show ipv6 pim sparse-mode rp ff16::2 command to display information about the RP that serves the current group.



Verifying the DR at the Data Source End to Detect the RP Reachability

Set the address to 3000::5 and priority to 200 for Interface Loopback0 on Router A. Set the address to 4000: : 5 and priority to 56 for
Interface Loopback1 on Router A. Set the C-BSR address to 5000: : 5 on Router B. Configure the RP reachability detection on Router B.



Run the show running-config command to check whether the RP reachability detection is configured.



Verifying the Restriction of the (S,G) Address Range of Register Packets at the Data Source End

Set the address to 3000::5 and priority to 200 for Interface Loopback0 on Router A. Set the address to 4000: : 5 and priority to 56 for
Interface Loopback1 on Router A. Set the C-BSR address to 5000: : 5 on Router B. The address of the multicast group is FF16::2. Set
Router A to receive packets only from the multicast source with the source address of (1300::1/64).



Run the show ip pim sparse-mode mroute command to display the (S,G) entries.



Verifying the Rate Limit for the DR at the Data Source End to Transmit Register Packets



Set the rate of transmitting Register packets for Router B and then run the show ip pim sparse-mode track command to check
the number of transmitted Register packets for confirmation.



Verifying the Checksum Length of Register Packets



Set Router A to check a Register packet based on the entire packet rather than based only on the packet header and Register
packet header. Run the show running-config command to check the configuration.



Verifying the Source Address of Register Packets



Configure the source address of Register packets on Router B and run the show running-config command to check the
configuration on RouterA.



Verifying the Suppression Time and Probing Time of Register Packets



Configure the suppression time and probing time of Register packets on Router B and run the show running-config command
to check the configuration.



Verifying the TTL of Register Packets Received by the RP from the (S,G) Multicast Group Address



Configure the TTL of Register packets from the (S,G) multicast group address on Router A and run the show ip pim
sparse-mode mroute command to display the maximum (S,G) TTL.



Verifying the Static RP First



Configure a static RP and a C-RP on Router A, configure the static RP first, and then run the show ipv6 pim sparse-mode rp
ff16::2 command to display information about the current RP.
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Related Commands



Ignoring the C-RP Priority

Command

ipv6 pim ignore-rp-set-priority

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Displaying Information About the RP That Serves a Group

Command

show ipv6 pim sparse-mode rp-hash group-address

Parameter

group-address: Indicates the parsed group address.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide



N/A

Configuring the DR Directly Connected to the Data Source to Detect RP Reachability

Command

ipv6 pim register-rp-reachability

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After this command is configured, the RP reachability is detected before Register packets are transmitted. If the RP is
reachable, Register packets are transmitted. If the RP is unreachable, Register packets are not transmitted.



Restricting the (S,G) Address Range of Register Packets at the Data Source End

Command

ipv6 pim accept-register

{ list

ipv6_access-list [route-map map-name ] | route-map

map-name [list

ipv6_access-list ] }
Parameter

list ipv6_access-list: References an IP extended ACL to restrict the (S,G) address range. The value range is 100-199,

Description

2000-2699, and Word.
route-map map-name: Uses a route map to restrict the (S,G) address range.

Command

Global configuration mode

Mode
Usage Guide

After this command is configured, when receiving a Register packet from an unauthorized source, the RP
immediately returns the Register-Stop packet.



Displaying Multicast Routing Entries

Command

show ipv6 pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ]

Parameter

group-or-source-address: Indicates the group address or source address. The two addresses cannot be group

Description

addresses or source addresses at the same time.

Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
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Usage Guide

A group address, a source address, or both addresses can be specified each time. Youcan also not specify a specific
group address or source address but you cannot specify two group addresses or two source addresses at the same
time.



Configuring the Rate Limit for the DR to Transmit Register Packets

Command

ipv6 pim register-rate-limit rate

Parameter

Rate: Indicates the number of Register packets that are allowed to be transmitted per second. The value ranges from

Description

1 to 65,535.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the transmission rate of Register packets from the (S,G) multicast group address
rather than the Register packets of the entire system. After this command is configured, the load of the source DR
and RP will be relieved and Register packets whose rate does not exceed the limit will be transmitted.



Displaying the Statistics on PIM Packets

Command

show ipv6 pim sparse-mode track

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

When the system is started, the statistics start time point is first set. Each time clear ip pim sparse-mode track is
called, the statistics start time point is set again and the PIM packet counter is cleared.



Configuring the Checksum Calculation of a Register Packet Based on the Entire Packet

Command

ipv6 pim register-checksum-wholepkt [ group-list ipv6_access-list ]

Parameter

group-list access-list: Uses an ACL to restrict the group addresses that use this configuration.

Description

access-list: Supports digits <1,99> and <1300,1999>. A named ACL is supported.

Command

Global configuration mode

Mode
Usage Guide

The device calculates the checksum of a Register packet based on the entire PIM protocol packet including the
encapsulated multicast data packet, rather than the PIM header of the Register packet.
If group-list ipv6_access-list is not carried in this command, all group addresses apply this configuration.



Configuring the Source Address of Register Packets

Command

ipv6 pim register-source { ipv6_local_address | interface-type interface-number }

Parameter

local_address: Specifies an IPv6 address as the source address of Register packets.

Description

interface-type interface-number: Specifies the IPv6 address of an interface as the source address of Register packets.

Command

Global configuration mode

Mode
Usage Guide

The configured address must be reachable. When the RP receives a Register packet, it transmits the Register-Stop
packet with the source IPv6 address of the Register packet as the destination address.
PIM-SMv6 does not need to be enabled on associated interfaces.



Configuring the Suppression Time of Register Packets
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Command

ipv6 pim register-suppression seconds

Parameter

Seconds: Indicates the suppression time of Register packets. The unit is seconds. The value ranges from 1 to 65,535

Description

and the default value is 60.

Command

Global configuration mode

Mode
Usage Guide

Configuring this value on the DR will change the suppression time of Register packets defined on the DR. If the ipv6
pim rp-register-kat command is not configured, configuring this value on the RP will change the keepalive time of
the RP.



Configuring the Probing Time of Register Packets

Command

ipv6 pim probe-interval seconds

Parameter

Seconds: Indicates the probing time of Register packets.The unit is seconds. The value ranges from 1 to 65,535 and

Description

the default value is 5.

Command

Global configuration mode

Mode
Usage Guide

Probing time of Register packets is the interval for the source DR to transmit the NULL-Register packet tothe RP prior
to the timeout of the suppression time of Register packets.
The probing time of Register packets cannot be larger than half of the suppression time of Register packets.
Otherwise, the configuration fails and a warning is displayed. In addition, the suppression time of Register packets
multiplied by three plus the probing time of Register packets cannot be larger than 65,535. Otherwise, a warning will
be displayed.



Configuring the KAT Interval on the RP

Command

Ipv6 pim rp-register-kat seconds

Parameter

Seconds: Indicates the time of the KAT timer.

Description

The unit is seconds. The value ranges from 1 to 65,535 and the default value is 210.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Static RP First

Command

ipv6 pim static-rp-preferred

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After this command is configured, the priority of the static RP is higher than that of the RP elected by using the BSR
mechanism.

Configuration Example



Configuring Whether the C-RP Priority Is Considered for the Group-to-RP Mapping

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Set the address to 3000::5 and priority to 200 for Interface Loopback0 on Router A. (Omitted)
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Set the address to 4000: : 5 and priority to 56 for Interface Loopback1 on Router A. (Omitted)



Set the C-BSR address to 5000: : 5 on Router B. (Omitted)



Display the group corresponding to FF16::1.



Configure the ignorance of C-RP priority on Router B.

switch#configure terminal
FS(config)# ipv6 pim ignore-rp-set-priority
Verification

Before the ignorance of the C-RP priority is configured, the following information is displayed:
switch(config)#show ipv6 pim sparse-mode rp FF16::1
RP: 4000::5
Info source: 5000::5, via bootstrap

PIMv2 Hash Value 126
RP 4000::5, via bootstrap, priority 56, hash value 892666309
RP 3000::5, via bootstrap, priority 200, hash value 1161101765
After the ignorance of the C-RP priority is configured, the following information is displayed:
switch(config)#show ipv6 pim sparse-mode rp FF16::1
RP: 3000::5
Info source: 5000::5, via bootstrap



Configuring the Reachability Detection of the RP Directly Connected to the Data Source

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure the reachability detection of the RP directly connected to the data source.

FS(config)#ipv6 pim register-rp-reachability
Verification

Run the show running-config command to check the configuration. The following information is displayed:
FS(config)#show running-config
!
!
!
ipv6 pim register-rp-reachability
ipv6 pim bsr-candidate Loopback 0
!
!



Restricting the (S,G) Address Range of Register Packets at the Data Source End
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Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



SetRouterAtofilterpacketsbysourceaddressandreceivepacketsonlyfromthesourceaddress(1300::1/64).

switch(config)#ipv6 pim accept-register list acl
% access-list 101 not exist
switch(config)#ipv6 access-list acl
switch(config-ipv6-acl)#permit ipv6 1300::1/64 any
switch(config-ipv6-acl)#exit
Verification

Before the (S,G) address range of Register packets at the data source end is restricted, run the show ipv6 pim
sparse-mode mroute command to display multicast entries. The (S,G) entry and (S,G,RPT) entry exist.
switch#show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G)Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(*, ff16::1)
RP: 4000::5
RPF nbr: ::
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

0 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

Asserted
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FCR:

(1100::2, ff16::1)
RPF nbr: fe80::21a:a9ff:fe3a:6355
RPF idx: GigabitEthernet 0/2
SPT bit: 1
Upstream State: JOINED
jt_timer expires in 36 seconds
kat expires in 191 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local

After the (S,G) address range of Register packets at the data source end is restricted, run the show ipv6 pim
sparse-mode mroute command to display multicast entries. The (S,G) entry and (S,G,RPT) entry exist.
switch#show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G)Entries: 0
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(*, ff16::1)
RP: 4000::5
RPF nbr: ::
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

. . . . . . . .

. . . . . . . . . . .

Joined

www.fs.com
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0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asserted
0................................
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:

(1100::2, ff16::1, rpt)
RP: 4000::5
RPF nbr: ::
RPF idx: None
Upstream State: PRUNED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................



Restricting the Rate for the DR at the Data Source End to Transmit Register Packets

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Check the number of PIM packets transmitted by Router B.



Check the number of PIM packets transmitted by Router B one second later.



Set the rate for Router B to transmit Register packets.



Check the number of PIM packets transmitted by Router B one second later.

FS(config)#ipv6 pim register-rate-limit1
Verification

Before the rate limit is configured, check the number of PIM packets transmitted by the DR. The following
information is displayed:
FS#show ipv6 pim sparse-mode track
PIMv6 packet counters track
Elapsed time since counters cleared: 17:14:54

received
Valid PIMv6 packets:

www.fs.com

5064

sent
7727

Hello:

1329

4057

Join-Prune:

863

0

Register:

0

2636
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Register-Stop:
Assert:

975
0

0

BSM:

0

C-RP-ADV:

1897

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

PIMDM-State-Refresh:

0

1034
0

0

UnknownPIMType:

0

Errors:
Malformed packets:

0

Bad checksums:

0

Send errors:

5

PacketsreceivedwithunknownPIMversion:0
Before the rate limit is configured, check the number of PIM packets transmitted by the DR one second later. The
following information is displayed:
FS#show ipv6 pim sparse-mode track
PIMv6 packet counters track
Elapsed time since counters cleared: 17:14:55

received
Valid PIMv6 packets:

5064

7727

Hello:

1335

4063

Join-Prune:

866

0

Register:

0

2639

Register-Stop:
Assert:

978
0

BSM:

0
1897

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

UnknownPIMType:

0
0

C-RP-ADV:

PIMDM-State-Refresh:

www.fs.com

sent

1035
0

0
0

1566

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Errors:
Malformedpackets:

0

Bad checksums:

0

Send errors:

5

Packets received with unknown PIM version: 0
After the rate limit is configured, check the number of PIM packets transmitted by the DR. The following information
is displayed:
FS#show ipv6 pim sparse-mode track
PIMv6 packet counters track
Elapsed time since counters cleared: 17:14:56

sent

received
Valid PIMv6 packets:

5064

7727

Hello:

1341

Join-Prune:

869

0

Register:

0

2640

Register-Stop:
Assert:

4069

979

0

0

0

BSM:

0

1036

C-RP-ADV:

1897

0

PIMDM-Graft:

0

PIMDM-Graft-Ack:

0

PIMDM-State-Refresh:
UnknownPIMType:

0
0

Errors:
Malformedpackets:

0

Bad checksums:
Senderrors:

0
5

Packets received with unknown PIM version: 0



Configuring the Checksum Length of Register Packets

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure the checksum calculation of a Register packet based on the entire packet on Router A.



Run the show running-config command to check the configuration.

www.fs.com
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switch(config)#ipv6 pim register-checksum-wholepkt
switch(config)#show running-config
Verification

Check the configuration on Router A. The configuration is displayed as follows:
!
!
ipv6 pim register-checksum-wholepkt
ipv6 pim rp-candidate Loopback 0 priority 200
ipv6 pim rp-candidate Loopback 1 priority 56
ipv6 pim ssm default
!
!



Configuring the Source Address of Register Packets

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Set the source address of Interface Loopback1 to 5500::5/64 on Router B. (Omitted)



Set the source address of Register packets to the address of Interface Loopback2 on Router B. (Omitted)



Run the show running-config command to check the configuration.

FS(config)#ipv6 pim register-source Loopback 1
Verification

Check the configuration on Router B.
!
!
ipv6 pim register-source Loopback 1
ipv6 pim register-rate-limit 1
ipv6 pim bsr-candidate Loopback 0
!
!



Configuring the Suppression Time and Probing Time of Register Packets

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Set the suppression time to 20 seconds on Router B.



Set the probing time to 2 seconds on Router B.



Run the show running-config command to check the configuration.

FS(config)#ipv6 pim register-suppression 20
FS(config)#ipv6 pim probe-interval 2
FS(config)# show ip pim sparse-mode track
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Verification

Check the configuration on Router B.
!
ipv6 pim register-source Loopback 1
ipv6 pim register-rate-limit 1
ipv6 pim register-suppression 20
ipv6 pim probe-interval 2
ipv6 pim bsr-candidate Loopback 0
!
!



Configuring the TTL of Register Packets Received by the RP from the (S,G) Multicast Group Address

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Se theTTL of Register packets received by Router A from the (S,G) multicast group address to 60 seconds.



Run the show ip pim sparse-mode mroute command to check the number of Register packets.

FS(config)#ip pim rp-register-kat 60
Verification

AftertheTTLisconfigured, checktheTTLofRegisterpacketsfromthe(S,G)multicastgroupaddressonRouterA.The
TTL is not larger than 60 seconds.
switch(config)#show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 0
(S,G)Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(1100::2, ff16::1)
RPF nbr: fe80::21a:a9ff:fe3a:6355
RPF idx: GigabitEthernet 0/2
SPT bit: 0
Upstream State: NOT JOINED
kat expires in 60 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
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Joined

Asserted

Outgoing

(1100::2, ff16::1, rpt)
RP: 4000::5
RPF nbr: ::
RPF idx: None
Common Errors



The basic functions of PIM-SMv6 are not configured or fail to be configured.



The (S,G) address range of Register packets at the data source end is not restricted or fails to be configured on a C-RP or static RP.



Whenthe(S,G)addressrangeofRegisterpacketsatthedatasourceendisrestricted,thereferencedACLisnot configuredorthe
source/group address range allowed by the ACL is configured incorrectly.



The source/group address ranges allowed by C-RPs or static RPs are inconsistent.

20.4.5 Configuring the Transmission Interval of Join/Prune Packets

Configuration Effect



Change the transmission interval of Join/Prune packets to form an RPT or SPT.

Notes



The basic functions of PIM-SMv6 must be configured.

Configuration Steps



Configure the transmission interval of Join/Prune packets.

Verification
Set the transmission interval of Join/Prune packets to 120 seconds on Router B. Run the show ipv6 pim sparse-mode mroute
command to check the entry TTL.
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Related Commands



Configuring the Transmission Interval of Join/Prune Packets

Command

ipv6 pim jp-timer seconds

Parameter

Seconds: Indicates the transmission interval of Join/Prune packets.

Description

The unit is seconds. The value ranges from 1 to 65,535 and the default value is 60.

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the Transmission Interval of Join/Prune Packets on a Router

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Configure the transmission interval of Join/Prune packets on a router.

FS(config)#ip pim jp-timer 120
Verification

Run the show ipv6 pim sparse-mode mroute command to check the entry. The transmission time of Join/Prune
packets is not larger than 120.
switch(config)#show ipv6 pim sparse-mode mroute
IPv6 Multicast Routing Table

(*,*,RP) Entries: 0
(*,G) Entries: 1
(S,G)Entries: 1
(S,G,rpt) Entries: 1
FCR Entries: 0
REG Entries: 0

(*, ff16::1)
RP: 4000::5
RPF nbr: ::
RPF idx: None
Upstream State: JOINED
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0 . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . .

www.fs.com
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Joined
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asserted
0................................
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FCR:

(1100::2, ff16::1)
RPF nbr: fe80::21a:a9ff:fe3a:6355
RPF idx: GigabitEthernet 0/2
SPT bit: 1
Upstream State: JOINED
jt_timer expires in 116 seconds
kat expires in 59 seconds
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Local
0................................

Common Errors



The basic functions of PIM-SMv6 are not configured or fail to be configured.

20.4.6 Configuring the Last-Hop Device to Switch from the RPT to the SPT

Configuration Effect



Switch the last-hop device from the RPT to the SPT.

Notes



The basic functions of PIM-SMv6 must be configured.

Configuration Steps



Configure the last-hop device to switch from the RPT to the SPT.

Verification
Configure basic functions of PIM-SMv6, make the DR at the data source end transmit data streams to Group FF16::1, and make the
receiver forcibly join the Group FF16::1 to form a RPT.The DR at the receive end forcibly performs the switching from the RPT to SPT.
Check the configuration on the RP.

www.fs.com
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Related Commands



Enabling the SPT Switching Function

Command

ipv6 pim spt-threshold [group-list ipv6_access-list ]

Parameter

group-listipv6_access-list:ReferencesanIPv6ACLtorestrictthegroupaddressrangethatallowsSPTswitching.

Description

ipv6_access-list: A named ACL is supported.

Command

Global configuration mode

Mode
Usage Guide

If group-list ipv6_access-list parameter is not carried in this command, all multicast groups are allowed to conduct
SPT switching.
If no is set in this command, group-list is carried, and the carried ACL is a configured ACL, the restriction of the ACL
associated with group-list is cancelled and all groups are allowed to switch from the RPT to the SPT.

Configuration Example



Configuring the Last-Hop Device to Switch from the RPT to the SPT

Configuration



Configure basic functions of PIM-SMv6. (Omitted)

Steps



Make the DR at the data source end transmit code streams to Group FF16::1.



Make the DR at the receive end receive code streams from Group FF16::1.



Configure the last-hop device to switch from the RPT to the SPT on the DR at the receive end.

switch(config)#ipv6 pim spt-threshold
Verification

Run the show running-config command to check the configuration.
switch(config)#show running-config
!
!
ip pim jp-timer 120
ip pim spt-threshold
ip pim rp-candidate Loopback 0
!
!

20.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears information about the dynamic

clear ipv6 pim sparse-mode bsr rp-set *

RP.
Sets the packet statisticsstart time again clear ipv6 pim sparse-mode track
and clears the PIMv6 packet counter.

www.fs.com
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Displaying
Description

Command

Displays details about the BSR.

show ipv6 pim sparse-mode bsr-router

Displays the PIM-SM information about show ipv6 pim sparse-mode interface [ interface-type interface-number ] [ detail ]
an interface.
Displays the local MLD information

show ipv6 pim sparse-mode local-members [ interface-type interface-number ]

about a PIM-SMv6 interface.
Displays

the

PIM-SMv6

routing

show ipv6 pim sparse-mode mroute [ group-or-source-address [ group-or-source-address ] ]

information.
Displays

the

PIM-SMv6 neighbor

show ipv6 pim sparse-mode neighbor [ detail ]

information.
Displays next hop-relevant information, show ipv6 pim sparse-mode nexthop
including the next-hop interface ID,
address, and metric.
Displays all RPs configured on the local

show ipv6 pim sparse-mode rp mapping

device and the groups served by the
RPs.
Displays information about the RP that

show ipv6 pim sparse-mode rp-hash ipv6-group-address

serves the group address.
Displays the number of PIM packets

show ipv6 pim sparse-mode track

transmitted and received from the
statistics start time to the current time.

21 Configuring MSDP
21.1 Overview
Multicast Source Discovery Protocol is used to connect multiple rendezvous points (RPs) on the network and share the multicast
source information among these RPs.



Use MSDP among multiple Protocol Independent Multicast - Sparse-Mode (PIM-SM) domains to share the multicast source
information of these PIM-SM domains to implement cross-domain multicast.



Use MSDP in a PIM-SM domain to share the multicast source information of multiple RPs to implement anycast-RP.

Protocols and Standards



RFC3618: Multicast Source Discovery Protocol(MSDP)

21.2 Applications
Application

Description

Cross-Domain Multicast

Connect multiple ASs, share the multicast resources among autonomous systems (ASs), and
provide the multicast service across ASs.

Anycast-RP

www.fs.com
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21.2.1 Cross-Domain Multicast

Scenario
Connect multiple ASs, run PPIM-SM within the ASs, and establish an MSDP peer relationship between RPs of different ASs.
As shown in Figure 8- 1, DR 1 connected to the multicast source registers with RP 1 in the local domain. DR 2 connected to the group
member host triggers a join towards RP 2 in the local domain. RP 1 uses the SA message to notify RP 2 of the multicast source
information. RP 2 continues to trigger a join towards the multicast source to build a multicast distribution tree (MDT).
Cross-domain multicast allows group member hosts to apply for the multicast streams across ASs.
Figure 8-1

Deployment



Run Open Shortest Path First (OSPF) within each AS, and run Border Gateway Protocol

(BGP) between ASs to implement

cross-domain unicast.



Run PIM-SM within each AS, and run MSDP between ASs to implement cross-domain multicast.

21.2.2 Anycast-RP

Scenario
PIM-SM runs within each AS. Multiple RPs exist, use the same RP address, and serve the same group. An MSDP peer relationship is
established between these RPs.
As shown in Figure 8- 2, DR 1 connected to the multicast source registers with the nearest RP 1 in the local domain. DR 2 connected to
the group member host triggers a join towards the nearest RP 2. RP 1 uses the SA message to notify RP 2 of the multicast source
information. RP 2 continues to trigger a join towards the multicast source to build an MDT.
Anycast-RP provides redundancy and load balancing for RPs, and helps accelerate convergence of multicast routes.

www.fs.com
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Figure 8- 2

Deployment



Run OSPF within each AS to implement intra-domain unicast.



Run PIM-SM within each AS to implement intra-domain multicast.



Run MSDP among RPs to share the multicast source information.

21.3 Features
Function
Establishing

Description
an

MSDP

Peer Connect multiple RPs to share the multicast source information.

Relationship
Receiving and Forwarding SA

Prevent SA flooding and suppress SA storms.

Messages
21.3.1 Establishing an MSDP Peer Relationship

Working Principle
Configure one or more pairs of MDSP peers on the network to connect RPs, thereby notifying other RPs of the multicast source
information on an RP.
Usethe TCP connection between MDSP peers through port 639. So far as the unicast route is reachable, the MSDP peer relationship
can be established.

www.fs.com
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Figure 8- 3



RP Connected to the Multicast Source

ConfiguretheMSDP peeron theRPconnected tothemulticastsource.Then,thisRP canuseSAmessagesto sendthe localmulticast
source information to other RPs.
As shown in Figure 8-3, DR 1 registers the multicast source information with RP 1. As a peer relationship is established between RP 1
and RP 2, RP 1 sends the multicast source information to X.



SA Message Forwarder

Non-RPs can also act as MSDP peers, but only forwards SA messages.
As shown in Figure 8-3, X forwards SA messages sent fromRP 1 to RP 2. In this way, the multicast source information istransferred to
RP 2.



RP Connected to the Multicast Receiver

Configure the MSDP peer on the RP connected to the multicast receiver. Then, this RP can trigger a join towards the multicast source
based on the received SA message.
As shown in Figure 8-3, DR 2 triggers a join towards RP 2. As RP 2 already obtains the multicast source information, RP 2 continues to
trigger a join towards the multicast source, thus establishing an MDT from DR 1 to DR 2.
21.3.2 Receiving and Forwarding SAMessages

Working Principle
An SA message contains the multicast source address, multicast group address, and RP address. The RP address is the IP address of the
RP with which the multicast source is registered.



The RP encapsulates the locally registered multicast source information in an SA message, sends the message to all its MSDP
peers.
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On receiving the SA message, each MSDP peer performs the Peer-RPF check, compares the SA-Cache, and matches the SA
message against the SA incoming and outgoing filtering rules. If the SA message passes the Peer-RPF check, does not exist in
the SA SA-Cache, and meets the outgoing filtering rules, this SA message is forwarded to other MSDP peers.
The SA request and SA response messages are also used between MSDP peers to transfer source information of a specific group.



Peer-RPF Check

Any SA message coming from an MSDP peer (address: N) will be checked as follows:
Judge whether the SA message passes the Peer-RPF check in the following sequence. Once the SA message passes the Peer-RPF
check, accept the SA message; otherwise, drop the SA message.
45.

If N is a member of the mesh group, the SA message passes the Peer-RPF check; otherwise, go to step 2.

46.

If N is the only active MSDP peer on the local device, the SA message passes the Peer-RPF check; otherwise, go to step 3.

47.

If N is the RP address in the SA message, the SA message passes the Peer-RPF check; otherwise, go to step 4.

48.

If an EBGP route to the RP address in the SA message exists on the local device, and the next hop of this route is N, the SA
message passes the Peer-RPF check; otherwise, go to step 5.

49.

If an optimum route to the RP address in the SA message exists on the local device, check as follows:
If this optimum route is a distance vector route (such as the BGP/RIP route), and this router is advertised by N, the SA message
passes the Peer-RPF check.
If this optimum route is a link status route (such as the OSPF/IS-IS route), and the next hop of this router is N, the SA message
passes the Peer-RPF check.
Otherwise,go tostep6.

50.

If an optimum route to the RP address in the SA message exists on the local device, and this route is a MBGP/BGP route, extract
the nearest AS of the AS-Path of this MBGP/BGP route. If the local device has multiple MSDP peers in this AS and N is the MSDP
peer with the largest IP address, or N is the only MSDP peer in this AS, the SA message passes the Peer-RPF check; otherwise, go
to step 7.

51.

If N is the default MSDP peer, the SA message passes the Peer-RPF check; otherwise, go to step 8.

52.

The SA message fails in the Peer-RPF check.

The Peer-RPF check helps prevent loops and SA flooding.



Mesh Group

In a mesh group, an MSDP peer relationship is established on every two members.



For SA messages coming from entities outside the mesh group, after passing the Peer-RPF check and SA-Cache comparison,
these SA messages are forwarded to other members in the group.



Intra-group SA messages are no longer forwarded to other members in the group.

The mesh group helps reduce the number of SA messages.
Figure 8-4
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SACache

The SA cache is used to buffer the SA message status. Expired SA messages will be deleted.
When an MSDP peer receives an SA message, if this message does not exist in the SA cache and passes the Peer-RPF check, the
message is stored inthe SA cache. If this message already exists in the SA cache, the message is ignored.This helps suppress the SA
storms.
When an MSDP peer receives an SA message, if this message already exists in the SA cache, the message is immediately responded.
This helps improve the protocol efficiency.

21.4 Configuration
Configuration Item

Description and Command
This configuration is mandatory in the cross-domain multicast scenario.

Configuring

Cross-Domain

Multicast

ip

msdp

peerpeer-addressconnect-sourceinterface-typeinterface-num
ber

Establishes

an

MSDP

peer

an

MSDP

peer

relationship.

This configuration is mandatory in the Anycast-RP scenario.
ip
Configuring an Anycast-RP

msdp

peerpeer-addressconnect-sourceinterface-typeinterface-num
ber
ip msdp originator-id interface-type interface-number

Establishes
relationship.

Modifies the RP address in the SA
message.

Optional. It is used to let SA message successfully pass the Peer-RPF check.
Configuring the Peer-RPF Check
Green Channel

ip

msdp

default-peer

peer-address

[

prefix-list

prefix-list-name ]
ip msdp mesh-group mesh-name peer-address

Enabling Security Measures
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Configures the default MSDP peer.
Configures an MSDP mesh group.

Optional. It is used to prevent illegal TCP connections and suppress SA storms.
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Configuration Item

Description and Command
ip msdp password peer peer-address[ encryption-type ]
string
ip msdp sa-limit peer-address sa-limit

Enables TCP MD5 encryption.
Limits the number of SA messages
in the SA cache.

Optional. It is used to restrict releasing, receiving, and forwarding of SA messages.

Restricting Broadcasting of SA
Messages

ip msdp redistribute [ list access-list ] [ route-map

Filters the source information

route-map ]

released locally.

ip msdp filter-sa-request peer-address[ list access-list ]

Filters received SA requests.

ip msdp sa-filter in peer-address [ list access-list ]
[ route–map route-map ] [ rp-list rp-access-list ]

Filters received SA messages.

[ rp-route-map rp-route-map ]
ip msdp sa-filter out peer-address [ listaccess-list ]
[ route–map route-map ] [ rp-list rp-access-list ]

Filters sent SA messages.

[ rp-route-map rp-route-map ]
Optional. It is used to conveniently manage the MSDP peer relationship.
Managing MSDP Peers

ip msdp description peer-address text
ip msdp shutdown peer-address

Adds a description to an MSDP
peer.
Shuts down an MSDP peer.

Optional. You are advised not to modify the default values of protocol parameters.

Modifying Protocol Parameters

ip msdp timer interval

Modifies the TCP reconnection
interval.
Modify the TTL value of the

ip msdp ttl-thresholdpeer-addressttl-value

multicast data packet carried in the
SA message.

21.4.1 ConfiguringCross-DomainMulticast

Configuration Effect
Establish the MSDP peer relationship between multiple ASs so that group member hosts can apply for the multicast streams across
ASs.
Notes



The inter-AC unicast route must be reachable.



Run PIM-SM within each AS, and configure the BSR border.

Configuration Steps



Establishing an MSDP Peer Relationship



Mandatory.



Establish a peer relationship between RPs of the corresponding multicast PIM domain.



Establish an MSDP peer relationship between EBGP devices of different ASs.
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Establish an MSDP peer relationship between the RP and the EBGP device in each AS.

Command

ip msdp peer peer-address connect-source interface-type interface-number

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

interface-type interface-number: Indicates the local interface, which is used to establish a TCP connection with the
remote peer.

Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

Thepeerrelationshipisabidirectionalrelationship.Therefore,thiscommandmustbeconfiguredonbothsides.
The IP address and local interface of the MSDP peer must be the same as those of the EBGP peer.
To ensure that SA messages can successfully pass the Peer-RPF check, you are advised to:



Configure a mesh group.



Configure the default MSDP peer.

Verification
Send a packet from a source (S) close to an RP to the group (G), and enable a host close to another RP to join G.



Verify that the host can receive the (S, G) packet.



Run the show ip msdp summary command on an RP in another AS to display the status of the MSDP peer.



Run the show ip msdp sa-cache command on an RP in another AS to display the learned MSDP source information.



Displaying the Learned MSDP Source Information

Command

show ip msdp sa-cache

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If no address is specified, all the (S, G) information is displayed by default.
If an address is specified, the device checks whether this address is a unicast or multicast address. If the address is a
unicast address, this address is treated as the multicast source (S), and all (S, G) information in which the multicast
source is S will be displayed. If the address is a multicast address, this address is treated as the multicast group (G),
and all (S, G) information in which the multicast group is G will be displayed. If this address is neither a unicast or
multicast address, no information is displayed.
If two addresses are specified, one address is treated as the multicast source(S), and the other as the multicast group
(G). If one address is the unicast address, and the other address is the multicast group address, no information is
displayed.
uijie# show ip msdp sa-cache
MSDP Source-Active Cache: 2 entries
(200.200.200.200, 227.1.2.2), RP: 20.20.20.20, (M)BGP/AS 100, 04:17:09/00:02:05, Peer 200.200.200.2
Learned from peer 200.200.200.2, RPF peer 200.200.200.2,
SAs received: 277, Encapsulated data received: 0
(200.200.200.200, 227.1.2.3), RP: 20.20.20.20, (M)BGP/AS 100, 04:17:09/00:02:05, Peer 200.200.200.2
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Learned from peer 200.200.200.2, RPF peer 200.200.200.2,
SAs received: 277, Encapsulated data received: 0



Displaying the Brief MSDP Peer Information

Command

show ip msdp summary

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

N/A
FS# show ip msdp summary
Msdp Peer Status Summary
Peer Address

As

State

Uptime/Downtime

200.200.200.2

100

Up

04:22:11

200.200.200.3

100

Down

19:17:13

Reset-Count

Sa-Count

Peer-description

10

6616

No description

4

0

peer-A

Configuration Example



Configuring Cross-Domain Multicast

Scenario
Figure 8- 5

The following table lists the interfaces and IP addresses of different devices:
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Device

Interface

IP Address

Remark

A

G0/1

100.100.100.1/24

N/A

Loopback0

10.10.10.10/32

RP address, which is used to
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establish an MSDP connection.
B

G0/1

100.100.100.2/24

N/A

G0/2

1.1.1.1/24

BSR border

Loopback0

20.20.20.20/32

Used to establish the EBGP and
MSDP connections.

C

G0/1

1.1.1.2/24

BSR border

G0/2

2.2.2.1/24

BSR border

Loopback0

30.30.30.30/32

Used to establish the EBGP and
MSDP connections.

D

G0/2

2.2.2.2/24

BSR border

G0/1

3.3.3.1/24

N/A

Loopback0

40.40.40.40/32

Used to establish the EBGP and
MSDP connections.

E

G0/1

3.3.3.2/24

N/A

Loopback0

50.50.50.50/32

RP address, which is used to
establish an MSDP connection.

Configuration



Configure IP addresses of interfaces.

Steps



Enable OSPF in each AS. Set up an EBGP peer relationship between AS 200 and AS 100 and between AS 200
and AS 300. Introduce BGP and OSPF to each other.



Enable PIM-SM in each AS, configure C-BSR and C-RP, and configure the BSR border.



Establish the MSDP peer relationship between EBGP peers and between the RP and EBGP peers.
The IP address and local interface of the MSDP peer must be the same as those of the EBGP peer.

A

A#configure terminal
A(config)#ip multicast-routing
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
A(config-if-GigabitEthernet 0/1)# exit
A(config)#interface loopback 0
A(config-if-loopback 0)#ip pim sparse-mode
A(config-if-loopback 0)# exit
A(config)#ip pim rp-candidate loopback 0
A(config)#ip pim bsr-candidate loopback 0
A(config)#ip msdp peer 10.10.10.10 connect-source loopback 0

B

B#configure terminal
B(config)#ip multicast-routing
B(config)#interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
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B(config-if-GigabitEthernet 0/1)# exit
B(config)#interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
B(config-if-GigabitEthernet 0/2)#ip pim bsr-border
B(config-if-GigabitEthernet 0/2)# exit
B(config)#interface loopback 0
B(config-if-loopback 0)#ip pim sparse-mode
B(config-if-loopback 0)# exit
B(config)#ip msdp peer 10.10.10.10 connect-source loopback 0
B(config)#ip msdp peer 30.30.30.30 connect-source loopback 0
C

C#configure terminal
C(config)#ip multicast-routing
C(config)#interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
C(config-if-GigabitEthernet 0/1)#ip pim bsr-border
C(config-if-GigabitEthernet 0/1)# exit
C(config)#interface GigabitEthernet0/2
C(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
C(config-if-GigabitEthernet 0/2)#ip pim bsr-border
C(config-if-GigabitEthernet 0/2)# exit
C(config)#interface loopback 0
C(config-if-loopback 0)#ip pim sparse-mode
C(config-if-loopback 0)# exit
C(config)#ip msdp peer 20.20.20.20 connect-source loopback 0
C(config)#ip msdp peer 40.40.40.40 connect-source loopback 0

D

D#configure terminal
D(config)#ip multicast-routing
D(config)# ip pim ssmdefault
D(config)#interface GigabitEthernet 0/1
D(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
D(config-if-GigabitEthernet 0/1)# exit
D(config)#interface GigabitEthernet0/2
D(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
D(config-if-GigabitEthernet 0/2)#ip pim bsr-border
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D(config-if-GigabitEthernet 0/2)# exit
D(config)#interface loopback 0
D(config-if-loopback 0)#ip pim sparse-mode
D(config-if-loopback 0)# exit
D(config)#ip msdp peer 30.30.30.30 connect-source loopback 0
D(config)#ip msdp peer 50.50.50.50 connect-source loopback 0
E

E#configure terminal
E(config)#ip multicast-routing
E(config)#interface GigabitEthernet 0/1
E(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
E(config-if-GigabitEthernet 0/1)# exit
E(config)#interface loopback 0
E(config-if-loopback 0)#ip pim sparse-mode
E(config-if-loopback 0)# exit
E(config)#ippimrp-candidateloopback0
E(config)#ip pim bsr-candidate loopback 0
E(config)#ip msdp peer 50.50.50.50 connect-source loopback 0

Verification

Use the multicast source to send the packet (200.200.200.200,225.1.1.1), and enable the host to join the group
225.1.1.1.

D



Verify that the host receives this packet.



On device C, check the status and SA message of the MSDP peer.

D# show ipmsdpsummary
Msdp Peer Status Summary
Peer Address

As

30.30.30.30

200 Up

State

Uptime/Downtime

Reset-Count

00:01:420

SA-Count

Peer-Description

1

No description

D# show ip msdp sa-cache
MSDP Source-Active Cache: 1 entries
(200.200.200.200,225.1.1.1),RP:10.10.10.10,(M)BGP/AS 100, 00:00:18/00:01:57, Peer 30.30.30.30
Learned from peer 30.30.30.30, RPF peer 30.30.30.30,
SAs received: 1, Encapsulated data received: 1
Common Errors



The BSR border is not configured, or is not configured on a correct interface.
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PIM-SM is not enabled on the local interface used to establish the MSDP peer connection or on the interface of the peer IP
address.



SA messages cannot pass the Peer-RPF check.

21.4.2 Configuring an Anycast-RP

Configuration Effect
Establish the MSDP peer relationship within an AS to provide redundancy and load balancing for RPs.
Notes



The inter-AC unicast route must be reachable.



PIM-SM must run within the AS, and multiple RPs using the same IP addresses must be configured.



The C-RP and C-BSR cannot be configured on the same interface.

Configuration Steps



Establishing an MSDP Peer Relationship



Mandatory.



Configure the following command on each RP of the same AS to establish an MSDP peer relationship with each of other RPs:

Command

ip msdp peerpeer-addressconnect-sourceinterface-typeinterface-number

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

interface-type interface-number: Indicates the local interface, which is used to establish a TCP connection with the
remote peer.

Defaults

The MSDP peer relationship is not established.

Command

Global configuration mode

Mode
Usage Guide

The peer relationship is a bidirectional relationship. Therefore, this command must be configured on both sides.
ToensurethatSAmessagescansuccessfullypassthePeer-RPFcheck,youareadvisedtoconfigureameshgroup.



Modifying the RP Address in the SA Message



Mandatory.



Configure the following command on each RP of the same AS:

Command

ip msdp originator-id interface-type interface-number

Parameter

interface-type interface-number: Uses the IP address of this interface as the RP address in the SA message.

Description
Defaults

By default, the RP address in the SA message is not modified.

Command

Global configuration mode

Mode
Usage Guide

In the anycast-RP application scenario, the RP addresses on all RP devices are the same. If the RP address in an SA
message is not modified, the RP device may determine that this SA message is sent by itself and therefore discards
this message. Therefore, you need to configure different RP addresses for SA messages sent by different RP devices.

Verification
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Send a packet from a source (S) close to an RP to the group (G), and enable a host close to another RP to join G.



Verify that the host can receive the (S, G) packet.



Run the show ip msdp sa-cache command on an RP in another AS to display the learned MSDP source information.



Displaying the Learned MSDP Source Information

Command

show ip msdp sa-cache

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If no address is specified, all the (S, G) information is displayed by default.
If an address is specified, the device checks whether this address is a unicast or multicast address. If the address is a
unicast address, this address is treated as the multicast source (S), and all (S, G) information in which the multicast
source is S will be displayed. If the address is a multicast address, this address is treated as the multicast group (G),
and all (S, G) information in which the multicast group is G will be displayed. If this address is neither a unicast nor
multicast address, no information is displayed.
If two addresses are specified, one address is treated as the multicast source(S), and the other as themulticast group
(G). If one address is the unicast address, and the other address is the multicast group address, no information is
displayed.
FS# show ip msdp sa-cache
MSDP Source-Active Cache: 2 entries
(200.200.200.200, 227.1.2.2), RP: 20.20.20.20, (M)BGP/AS 100, 04:17:09/00:02:05, Peer 200.200.200.2
Learned from peer 200.200.200.2, RPF peer 200.200.200.2,
SAs received: 277, Encapsulated data received: 0
(200.200.200.200, 227.1.2.3), RP: 20.20.20.20, (M)BGP/AS 100, 04:17:09/00:02:05, Peer 200.200.200.2
Learned from peer 200.200.200.2, RPF peer 200.200.200.2,
SAs received: 277, Encapsulated data received: 0

Configuration Example



Sharing the Source information Among Anycast-RPs in the Same Multicast Domain
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Scenario
Figure 8- 6

The following table lists the interfaces and IP addresses of different devices:
Device

Interface

IP Address

A

G0/2

2.2.2.1/24

G0/1

1.1.1.1/24

Loopback0

100.100.100.100/32

G0/2

2.2.2.2/24

G0/1

3.3.3.1/24

Loopback1

20.20.20.20/32

B

Remark

The C-BSR is configured on this interface.

Used to establish an MSDP connection and modif y
the RP address in the SA message.

C

Loopback0

10.10.10.10/32

G0/2

1.1.1.2/24

G0/1

4.4.4.1/24

Loopback1

30.30.30.30/32

The C-RP is configured on this interface.

Used to establish an MSDP connection and modif y
the RP address in the SA message.

D
E

Loopback0

10.10.10.10/32

G0/1

4.4.4.2/24

G0/2

5.5.5.1/24

G0/1

3.3.3.2/24

G0/2

6.6.6.1/24

The C-RP is configured on this interface.

Configuration



Configure IP addresses of interfaces.

Steps



Enable OSPF within the AS.



Enable PIM-SM within the AS, and configure the C-BSR and C-RP.



Establish the MSDP peer relationship between RPs, and modify the RP address in the SA message.



Configure a mesh group.

A

A#configure terminal
A(config)#ip multicast-routing
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
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A(config-if-GigabitEthernet 0/1)# exit
A(config)#interface GigabitEthernet 0/2
A(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
A(config-if-GigabitEthernet 0/2)# exit
A(config)#interface loopback 0
A(config-if-loopback 0)#ip pim sparse-mode
A(config-if-loopback 0)# exit
A(config)#ip pim bsr-candidate loopback0
B

B#configure terminal
B(config)#ip multicast-routing
B(config)#interface GigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
B(config-if-GigabitEthernet 0/1)# exit
B(config)#interface GigabitEthernet0/2
B(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
B(config-if-GigabitEthernet 0/2)# exit
B(config)#interface loopback 0
B(config-if-loopback 0)#ip pim sparse-mode
B(config-if-loopback 0)# exit
B(config)#interface loopback 1
B(config-if-loopback 1)#ip pim sparse-mode
B(config-if-loopback 1)# exit
B(config)#ip pim rp-candidate loopback 0
B(config)#ip msdp peer 30.30.30.30 connect-source loopback 1
B(config)# ip msdp originator-id loopback 1
B(config)#ip msdp mesh-group mesh-name 30.30.30.30

C

C#configure terminal
C(config)#ip multicast-routing
C(config)#interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
C(config-if-GigabitEthernet 0/1)# exit
C(config)#interface GigabitEthernet0/2
C(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
C(config-if-GigabitEthernet 0/2)# exit
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C(config)#interface loopback 0
C(config-if-loopback 0)#ip pim sparse-mode
C(config-if-loopback 0)# exit
C(config)#interface loopback 1
C(config-if-loopback 1)#ip pim sparse-mode
C(config-if-loopback 1)# exit
C(config)#ip pim rp-candidate loopback 0
C(config)#ip msdp peer 20.20.20.20 connect-source loopback 1
C(config)# ip msdp originator-id loopback 1
C(config)#ip msdp mesh-group mesh-name 20.20.20.20
D

D#configure terminal
D(config)#ip multicast-routing
D(config)#interface GigabitEthernet 0/1
D(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
D(config-if-GigabitEthernet 0/1)# exit
D(config)#interface GigabitEthernet0/2
D(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
D(config-if-GigabitEthernet 0/2)# exit

E

E#configure terminal
E(config)#ip multicast-routing
E(config)#interface GigabitEthernet 0/1
E(config-if-GigabitEthernet 0/1)#ip pimsparse-mode
E(config-if-GigabitEthernet 0/1)# exit
E(config)#interface GigabitEthernet0/2
E(config-if-GigabitEthernet 0/2)#ip pim sparse-mode
E(config-if-GigabitEthernet 0/2)# exit

Verification

C

Use the multicast source to send the packet (6.6.6.6,225.1.1.1), and enable the host to join the group 225.1.1.1.



Verify that the host receives this packet.



On device C, check the status and SA message of the MSDP peer.

C# show ip msdp summary
Msdp Peer Status Summary
Peer Address As
20.20.20.20 Unknown

www.fs.com

State
Up

Uptime/Downtime
00:01:420

Reset-Count

SA-Count
1

Peer-Description
No description
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C# show ip msdp sa-cache
MSDP Source-Active Cache: 1 entries
(6.6.6.6,225.1.1.1),RP:10.10.10.10,(M)BGP/AS unknown, 00:00:18/00:01:57, Peer 20.20.20.20
Learned from peer 20.20.20.20, RPF peer 20.20.20.20,
Common Errors



The C-BSR and C-RP are configured on the same interface.



The RP address in the SA message is not modified.



SA messages cannot pass the Peer-RPF check.

21.4.3 Configuring the Peer-RPF Check Green Channel

Configuration Effect
Configure the Peer-RPF check green channel so that all SA messages sent from a specified MSDP peer can pass the Peer-RPF check.
Configure anMSDP meshgroup sothat all SAmessages sent frommembers of themeshgroup can pass thePeer-RPFcheck.
Notes



The MSDP peer relationship must be established between devices.

Configuration Steps



Configuring the Default MSDP Peer



Optional.



OnanMSDPpeer,ifitisnot necessarytoperformthePeer-RPFcheckonSAmessagessentfromaspecifiedpeer,configurethis
peer as the default peer.

Command

ip msdp default-peerpeer-address [ prefix-list prefix-list-name ]

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

prefix-listprefix-list-name: Specifies the prefix list, which is used to limit the RPs initiating SA messages.

Defaults

By default, no default peer is configured.

Command

Global configuration mode

Mode
Usage Guide

If the command does not contain prefix-listprefix-list-name, all SA messages are accepted.
If the command contains prefix-listprefix-list-name but the specified prefix list does not exist, all SA messages are
accepted.
If the command contains prefix-listprefix-list-name, and the specified prefix list exists, only the SA messages initiated
by RPs specified in this prefix list are accepted.



Creating a Mesh Group



Optional.
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Among multiple MSDP peers, if SA messages coming fromany of these peerspass the Peer-RPF check by default, you can add
these peers to a mesh group.

Command

ip msdp mesh-groupmesh-namepeer-address

Parameter

mesh-name: Indicates the name of the mesh group. The name is case sensitive.

Description

peer-address: Indicates the IP address of the MSDP peer to be added to the mesh group.

Defaults

By default, no mesh group is configured.

Command

Global configuration mode

Mode
Usage Guide

An MSDP peer relationship must be established between every two MSDP peers added to the same mesh group.
All SA messages sent by members of the mesh group can pass the Peer-RPF check.

Verification



Check whether SA messages sent by the default peer can pass the Peer-RPF check.



Check the configuration of the mesh group, and check whether all SA messages sent by members of the mesh group can pass
the Peer-RPF check.



Displaying Information about the Peer-RPF Check of a Specified MSDP Peer

Command

show ip msdp rpf-peerip-address

Parameter

peer-address: Indicates the IP address of the SA message initiator.

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

N/A
FS# show ip msdp rpf-peer 1.1.1.1
RPFpeer informationfor1.1.1.1
RPF peer: 200.200.200.2
RPF rule: Peer is only active peer
RPF route/mask: Not-used
RPF type: Not-used



Displaying the Mesh Group Configuration

Command

show ip msdp mesh-group

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

N/A
FS# show ip msdp mesh-group
MSDP peers in each Mesh-group, <Mesh-group name>:<# peers>
msdp-mesh:
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1.1.1.2
1.1.1.3
Configuration Example



Configuring the Peer-RPF Check and a Mesh Group

Figure 8- 7

The following table lists the interfaces and IP addresses of different devices:
Device

Interface

IP Address

A

G0/1

20.0.0.3/24

Loopback0

10.1.1.1/24

G0/1

20.0.0.4/24

Loopback0

40.0.0.1/24

G0/1

20.0.0.222/24

Loopback0

30.0.0.2/24

B

Remark

Configuration



Configure IP addresses of interfaces.

Steps



Enable OSPF within the AS.



Establish the MSDP peer relationship between A and B and between A and C.



Enable PIM-SM on the G0/1 interface of device C.



Before configuration, there are two active MSDP peers on device A, but it is not known which one should be
selectedastheRPFpeer.Therefore,displaytheRPFpeerinformation."RPFpeerdoesnotexist"isdisplayed.

A



Configure the default MSDP peer, and check whether the configuration is successful.



Configure a mesh group.

A#configure terminal
A(config)#ip msdp peer 20.0.0.4 connect-source gi0/1
A(config)#ip msdp peer 30.0.0.2 connect-source loopback 0

B

B#configure terminal
B(config)#ip msdp peer 20.0.0.3 connect-source gi0/1

C
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C(config)#ip msdp peer 10.0.0.1 connect-source loopback 0
C(config)#interface GigabitEthernet 0/1
C(config-if-GigabitEthernet 0/1)#ip pim sparse-mode
C(config-if-GigabitEthernet 0/1)# exit



Before configuration, there are two active MSDP peers on device A, but it is not known which one should be

selected as the RPF peer. Therefore, display the RPF peer information. "RPF peer does not exist" is displayed.



Configure the default MSDP peer. Then, display the RPF peer information. " Peer is best default peer" is
displayed.

A

A#configure terminal
A(config)#ip msdp default-peer 30.0.0.2


Cancel the default peer, and send the multicast source information to device C. Information is displayed on
device A, indicating that the SA message is received, but does not pass the Peer-RPF check.


A

On device A, add 30.0.0.2 to the mesh group. Then, device A can receive the SA message normally.

A#configure terminal
A(config)#no ip msdp default-peer 30.0.0.2

A

A#configure terminal
A(config)#ip msdp mesh-group first 30.0.0.2

Verification

N/A

21.4.4 EnablingSecurityMeasures

Configuration Effect
Enable MD5 encryption on TCP connections between MSDP peers to prevent illegal TCP connections.
Limitthenumber ofSAmessages intheSAcacheof aspecifiedMSDPpeer tosuppressSAstorms.
Notes



The MSDP peer relationship must be established between devices.

Configuration Steps



Configuring MD5 Encryption on TCP Connections Between MSDP Peers



Optional.



Configure consistent MD5 encryption on MSDP peers that require encryption.

Command

ip msdp password peer peer-address [encryption-type] string

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

encryption-type: Indicates the encryption level. Currently, only levels 0 to 7 are supported. 0 is the lowest level, and 7
is the highest level. The default value is 0.
string: Indicates the cipher used for TCP MD5 authentication.

Defaults

By default, MD5 encryption is not configured.

Command

Global configuration mode
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Mode
Usage Guide

Toauthenticate the ID of an MSDP peer, enable MD5 encryption on the TCP connection established with this MSDP
peer. The MSDP peer must have the consistent configuration, and the cipher must be the same; otherwise, the
connection fails.
If the configuration or cipher changes, the local device does not stop the current session, and will attempt to use a
new cipher to retain the current session until timeout.
If the encryption level is set to 7, the cipher text length must be an even number equaling to or greater than 4;
otherwise, the configuration fails.



Limiting the Number of SA Messages in the SA Cache of a Specified MSDP Peer



Optional.



Perform this configuration if you need to limit the number of SA messages in the SA cache of a specified MSDP peer.

Command

ip msdp sa-limit peer-address sa-limit

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

sa-limit: Indicates the maximum number of SA messages in the SA cache.

Defaults

The default value is 1,024.

Command

Global configuration mode

Mode
Usage Guide

An MSDP peer relationship must be established between every two MSDP peers added to the same mesh group.
Assume that the number of SA messages in the SA cache already exceeds the limit. After the configuration is
completed, the number of SA messages in the SA cache does not exceed the limit.

Verification



Check the connection between peers on which MD5 encryption is configured.



Send a number of source information packets that exceeds the limit to the peer where the maximum number of SA messages in
the SA cache is configured. Check whether all the source information can be learned.



Displaying the Number of SA Messages Learned from a Specified Peer

Command

show ip msdp count

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

N/A
FS# show ip msdp count
SA State per Peer Counters, <Peer>: <# SA learned>
1.1.1.2

:0

100.100.100.14 : 0
100.100.100.15 : 0
100.100.100.200: 0
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200.200.200.2 : 2
200.200.200.3 : 0
200.200.200.6 : 0
200.200.200.13 : 0
200.200.200.66 : 0
SA State per ASN Counters, <asn>: <# sources>/<# groups>
Total entries: 2
100: 1/2
Configuration Example



ConfiguringMD5 Encryption on an MSDPPeer and Limiting the Number of SA Messages Sent by ThisMSDP Peer inthe
SA Cache

Scenario
Figure 8- 8

Configuration



Establish an MSDP peer relationship between A and B.

Steps



Configure MD5 encryption on device A.



After MSDP timeout, configure the MD5 cipher of the peer on device B, which is the same as the cipher on
device A. Then, the session is reconnected.


A

On device A, set the maximum number of SA messages sent by the peer 20.0.0.4 in the SA cache to 10.

A#configure
A(config)# ip msdp password peer 20.0.0.4 0 1234567
A(config)# ip msdp sa-limit 20.0.0.4 10

B

B#configure
B(config)# ip msdp password peer 20.0.0.4 0 1234567

Verification



After MD5 is configured on device A, but is not configured on device B, a message will be displayed, indicating
the MD5 encryption failure. At this time, the MSDP peer is in DOWN state.



A period of time after MD5 is configured on device B, the MSDP peer is in DOWN state.



Send 20 multicast source packets to device B. A message will be displayed on device A, indicating that the
number of SA messages exceeds the limit.

A

A# debug ip msdp sa-cache
A# show ip msdp count

21.4.5 Restricting Broadcasting of SA Messages

Configuration Effect
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Configure the SA message filtering rules to restricting broadcasting of SA messages.
Notes



The MSDP peer relationship must be established between devices.

Configuration Steps



Filtering the Source Information Released Locally



Optional.



Configure the SA release filtering rule on an MSDP device where releasing of the SA information needs to be limited.

Command

ip msdp redistribute [ list access-list ] [ route-map route-map ]

Parameter

list access-list: Indicates the access control list (ACL) used to control the ranges of S and G.

Description

route-map route-map: Indicates the route map used to control the ranges of S and G.

Defaults

By default, no rule is configured to filter locally released SA information.

Command

Global configuration mode

Mode
Usage Guide

After this command is configured, only the accepted (S, G) information (either coming from the local domain or other
domains) can be injected to the MSDP.
If the command contains list access-list, only the (S, G) information matching this ACL can be released.
If thecommand contains route-map route-map,only the(S, G) information matchingthisroute map canbe released.
If the command contains both parameters, only the (S, G) information matching the ACL and route map can be
released.
If the command does not contain any parameter, no (S, G) information is released.



Filtering Received SA Requests



Optional.



Perform this configuration on the MSDP device where responding to the SA requests needs to be limited.

Command

ip msdp filter-sa-request peer-address[ list access-list ]

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

list access-list: Indicates the ACL used to control the range of the group address.

Defaults

By default, no rule is configured to filter received SA requests.

Command

Global configuration mode

Mode
Usage Guide

Usethis commandif youneed tocontrol theSArequeststhat can be acceptedand responded.
If the command does not contain list access-list, all SA requests will be ignored.
If the command contains list access-list, but this AC does not exist, all SA requests will be ignored.
Ifthecommand contains listaccess-list, and thisACexists,onlytheSA requestsallowed bytheACL willbe accepted,
and others are ignored.



Filtering Received SA Messages



Optional.
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Perform this configuration on an MSDP device where the incoming SA information needs to be limited.

Command

ip msdp sa-filter in peer-address [ list access-list ] [ route–map route-map ] [ rp-list rp-access-list ] [ rp-route-map
rp-route-map ]

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

list access-list: Indicates the number or name of the extended IP ACL of a specified (S, G). It is used to control the
multicast source information (S, G) that is allowed to pass.
route-map route-map: Indicates the name of the route map of the specified (S, G). The multicast source information
(S, G) is allowed to pass only when the AS path of the route on the S matches the AS path in the route map.
rp-listrp-access-list: Indicatesthe number orname of thestandardACLof aspecifiedRP.Itisusedtocontrol theRPs,
of which the multicast source information (S, G) that is allowed to pass.
rp-route-map rp-route-map: Indicates the name of the route map of a specified RP.The multicast source information
(S, G) is allowed to pass only when the AS path of the route on the RP matches the AS path in the route map.

Defaults

By default, no rule is configured to filter incoming SA messages.

Command

Global configuration mode

Mode
Usage Guide

If this command is configured, but no ACL or route map is specified, all incoming SA messages will be filtered.
Ifonlyonekeyword(listorroute-map)isspecified,andeverymulticastsourcerecord(S,G)intheSAmessagemeets
the rule specified by the keyword, the multicast source record (S, G) will be received.
If either rp-list or rp-route-map) is specified, and the RP address contained in the SA message meets the rule
specified by this keyword, this SA message will be received.
If two or more of the keywords (including list, route-map, rp-list, and rp-route-map) are specified, only multicast
sourcerecord (S, G) inthe SA message that meets therules specified by all the availablekeywords canbe received.



Filtering Sent SA Messages



Optional.



Perform this configuration on an MSDP device where the outgoing SA information needs to be limited.

Command

ipmsdp sa-filter out peer-address [ listaccess-list ] [ route–map route-map ] [ rp-list rp-access-list] [ rp-route-map
rp-route-map ]

Parameter

peer-address: Indicates the IP address of a remote peer.

Description

list access-list: Indicates the number or name of the extended IP ACL of the specified (S, G). It is used to control the
multicast source information (S, G) that is allowed to pass.
route-map route-map: Indicates the name of the route map of the specified (S, G). The multicast source information
(S, G) is allowed to pass only when the AS path of the route on the S matches the AS path in the route map.
rp-listrp-access-list: Indicatesthe number orname of thestandardACLof aspecifiedRP.Itisusedtocontrol theRPs,
of which the multicast source information (S, G) that is allowed to pass.
rp-route-map rp-route-map: Indicates the name of the route map of a specified RP.The multicast source information
(S, G) is allowed to pass only when the AS path of the route on the RP matches the AS path in the route map.

Defaults

By default, no rule is configured to filter outgoing SA messages.

Command

Global configuration mode

Mode
Usage Guide

If this command is configured, but no ACL or route map is specified, no SA message will be sent to this MSDP peer.
If only one of the keywords (including list, route-map, rp-list, and rp-route-map) is specified, any multicast source
record (S, G) that meets the rule specified by the keyword will be forwarded to this MSDP peer.
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If two or more of the keywords (including list, route-map, rp-list, and rp-route-map) is specified, any multicast
sourcerecord(S, G) that meets the rules specified by all the available keywords willbe forwarded tothis MSDP peer.
Verification



Check whether SA messages initiated by the local device meet the filtering rules.



Check whether SA messages learned by the local device meet the filtering rules.



Displaying SA Messages Initiated by the Local Device

Command

show ip msdp sa-originated

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the local device isthe RP of PIM-SM, multicast source(S, G) information is registered on the RP,and the MSDP peer
is configured on the local device, you can run this command to display the (S, G) information initiated by the local
device.
The (S, G) information displayed by this command has met the criteria specified by the redistribution command ip
msdp redistribute), but such (S, G) information can be sent to the MSDP peer only when the information meets the
outgoing SA information filtering rules specified by the ip msdp sa-filter out command.
FS# show ip msdp sa-originated
MSDP Source-Active Originated: 5 entries
(192.168.23.78, 225.0.0.1), RP: 192.168.23.249
(192.168.23.79, 225.0.0.2), RP: 192.168.23.249
(192.168.23.80, 225.0.0.3), RP: 192.168.23.249
(192.168.23.81, 225.0.0.4), RP: 192.168.23.249
(192.168.23.82, 225.0.0.5), RP: 192.168.23.249

Configuration Example



Configuring Rules for Filtering Incoming or Outgoing SA Messages

Scenario
Figure 8- 9
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The following table lists the interfaces and IP addresses of different devices:
Device

Interface

IP Address

A

G0/1

20.0.0.3/24

Loopback0

10.1.1.1/24

G0/1

20.0.0.4/24

Loopback0

40.0.0.1/24

G0/1

20.0.0.222/24

Loopback0

30.0.0.2/24

B

Configuration



Complete the basic configuration, as described in section 8.4.3 "Configuring the Peer-RPF Check Green



Configure rules for filtering incoming SA messages on device A.



Configure rules for filtering outgoing SA messages on device A.



Send the multicast source information to device C.

Steps

A

Remark

Channel".

A#configure
A(config)# ip msdp sa-filter in 30.0.0.2
A(config)# ip msdp sa-filter in 30.0.0.2 list 100
A(config)# ip access-list extended 100
A(config-ext-nacl)# permit ip host 20.0.0.100 host 225.0.0.1
A(config)# ip msdp sa-filter in 30.0.0.2 rp-list rp-acl-1
A(config)# ip access-list standard rp-acl-1
A(config-std-nacl) # permit host 20.0.0.221
A(config)# ip msdp sa-filter in 30.0.0.2 rp-route-map rp-rm-1
A(config)# route-map rp-rm-1
A(config-route-map)#match as-path 1
A(config)# ip as-path access-list 1 permit 2
A#configure
A(config)# ip msdp sa-filter out 30.0.0.2
A(config)# ip msdp sa-filter out 30.0.0.2 list 101
A(config)# ip access-list extended 101
A(config-ext-nacl)# permit ip host 20.0.0.100 host 225.0.0.1
A(config)# ip msdp sa-filter out 30.0.0.2 rp-list rp-acl-2
A(config)# ip access-list standard rp-acl-2
A(config-std-nacl) # permit host 20.0.0.221
A(config)# ip msdp sa-filter out 30.0.0.2 rp-route-map rp-rm-2
A(config)# route-map rp-rm-1
A(config-route-map)#match as-path 1
A(config)# ip as-path access-list 1 permit 2
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Verification



Send the multicast source information to device C in various scenarios.



On device A, check whether the learned multicast source information meets the incoming requirements.



On device B, check whether the learned multicast source information meets the outgoing requirements.

A

A#show ip msdp sa-cache

B

B#show ip msdp sa-cache

C

B#show ip msdp sa-originated

21.4.6 Managing MSDPPeers

Configuration Effect
Manage MSDP peers by adding descriptions to a specified MSDP or reset an MSDP peer.
Notes



MSDP peers must be created in advance.

Configuration Steps



Configuring the Description for an MSDP Peer



Optional.



Perform this configuration on an MSDP peer that should be managed.

Command

ip msdp description peer-address text

Parameter

peer-address:Indicates the IP address of a remote peer.

Description

text: Indicates the string that describes the MSDP peer.

Defaults

By default, no description information is configured of an MSDP peer.

Command

Global configuration mode

Mode
Usage Guide

N/A



Shutting Down an MSDP Peer



Optional.



Perform this configuration when it is required to temporarily shut down the connection with a specified peer.

Command

ip msdp shutdown peer-address

Parameter

peer-address: Indicates the IP address of an MSDP peer.

Description
Defaults

By default, an MSDP peer is not shut down.

Command

Global configuration mode

Mode
Usage Guide

This command shuts down only the TCP connection with an MSDP peer, but does not delete this MSDP peer or
configuration of this MSDP peer.

Verification



Display information about a specified MSDP peer, and check whether the description and peer status meet the requirements.
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Displaying Information about a Specified MSDP Peer

Command

show ip msdp peer [ peer-address]

Parameter

N/A

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

N/A
FS#show ip msdp peer 20.0.0.1
MSDP PEER 20.0.0.1 (No description), AS unknown
Connection status:
State:Listen,Resets:1,Connection source:GigabitEthernet0/1(20.0.0.2)
Uptime(Downtime): 00:00:25, Message sent/received: 13/19
Input messages discarded: 0
Connection and counters cleared 00:13:25 ago
Local Address of connection: 20.0.0.2
MD5 signature protection on MSDP TCP connection: enabled
SA Filtering:
Input (S,G) Access-list filter: None
Input (S,G) route-map filter: None
Input RP Access-list filter: None
Input RP Route-map filter: None
Output (S,G) Access-list filter: None
Output (S,G) Route-map filter: None
Output RP Access-list filter: None
Output RP Route-map filter: None
SA-Requests:
Input filter: None
Peerttlthreshold:0
SAs learned from this peer: 2, SAs limit: No-limit
Message counters:
SA messages discarded: 0
SA messages in/out: 13/0
SA Requests discarded/in: 0/0
SA Responses out: 0
Data Packets in/out: 6/0
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Configuration Example



Configuring the Description of an MSDP Peer and Shutting Down the Connection with This Peer

Scenario
Figure 8- 10

Configuration



Establish the MSDP peer relationship between device A and device B.

Steps



Configure the description "peer-router-B" for the peer 20.0.0.4 on device A.



Wait 60, and shut down the connection with the MSDP peer 20.0.0.4 on device A.

A

A#configure
A(config)# ip msdp peer 20.0.0.4 connect-source gi0/1
A(config)# ip msdp description 20.0.0.4 peer-router-B
A(config)# end
A# show ip msdp peer 20.0.0.4
……
A#configure
A(config)# ip msdp shutdown 20.0.0.4
A(config)# show ip msdp peer 20.0.0.4

B

B# configure
B(config)# ip msdp peer 20.0.0.3 connect-source gi0/1
B(config)# end

Verification



Run the show ip msdp peer [ peer-address ] command to display the brief information of a specified peer,
including the description and connection status of this MSDP peer.

A

A# show ip msdp peer 20.0.0.4

21.4.7 Modifying Protocol Parameters

Configuration Effect
Manage MSDP peers by adding descriptions to a specified MSDP or reset an MSDP peer.
Notes



MSDP peers must be created in advance.

Configuration Steps



Configuring the TCP Reconnection Interval of an MSDP Peer
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Optional.



Perform this configuration on the device where the TCP reconnection interval of an MSDP peer needs to be modified.

Command

ip msdp timer interval

Parameter

interval:IndicatestheTCPreconnectioninterval.Theunitissecond.Thevaluerangesfrom1to60.Thedefaultvalueis

Description

30.

Defaults

By default, the reconnection interval is 30s.

Command

Global configuration mode

Mode
Usage Guide

Within the TCP reconnection interval, the MSDP peer on the proactive connection side can initiate at most one TCP
connection. In some application scenarios, you can shorten the TCP reconnection interval to accelerate convergence
of the MSDP peer relationship.



Configuring the TTL of the Multicast Packet Contained in the SA Message



Optional.



Perform this configuration on the MSDP device where inter-RP transfer of multicast packets should be restricted.

Command

ip msdp ttl-thresholdpeer-addressttl-value

Parameter

peer-address: Indicates the IP address of an MSDP peer.

Description

peer-addressttl-value: Indicates the TTL value. The value ranges from 0 to 255. The default value is 0.

Defaults

By default, the TTL value of the multicast packet contained in the SA message is not restricted.

Command

Global configuration mode

Mode
Usage Guide

Thiscommand restrictsthesending of multicast packetencapsulated intheSA message.A multicastpacketissent to
the MSDP peer only when the TTL value in the IP header of the multicast packet is equal to or greater than the preset
TTL threshold. If the the TTL value in the IP header of the multicast packet is smaller than the preset TTL threshold,
the multicast packet will be removed fromthe SA message and discarded before theSA message issent tothe MSDP
peer.
This command affects the sending of multicast packet in the SA message, but does not affect the sending of the
multicast source information (S, G) in the SA message.



Configuring the MSDP Peer Capacity Supported by a Device



Optional.



If the default capacity (64 MSDP peers) is insufficient to support applications, you can modify the capacity on the device.

Command

ip msdp peer-limit peer-limit

Parameter

peer-limit: Indicates the maximum number of MSDP peers that can be configured. The value ranges from 1 to 128.

Description

The default value is 64.

Defaults

By default, at most 64 peers can be configured.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the maximum number of MSDP peers supported by a device.
When configuring this command, if the number of MSDP peers on the device exceeds the value to be configured, a
prompt will be displayed, and the configuration fails. The configuration can succeed only after the extra number
peers are deleted.
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Configuring the SA Cache Capacity Supported by a Device



Optional.



Perform this configuration on a device where the SA cache capacity should be adjusted.

Command

ip msdp global-sa-limitsa-liit

Parameter

sa-limit: Indicates the maximum capacity of the SA cache supported by the device. The value ranges from 1 to 4,096.

Description

The default value is 1,024.

Defaults

By default, the SA cache supports 1,024 SA messages.

Command

Global configuration mode

Mode
Usage Guide

This command is used to adjust the SA cache capacity of the device. You are advised to configure this command
when the device is being started.
If the capacity is increased when MSDP is in service, the adjustment does not affect the SA cache that is originally
learned.
If the capacityis increasedwhen MSDP is in service, all SA caches that are originally learned fromother devicesor the
SA caches initiated by the local devices must be deleted and re-learned.

Verification



Shut down the connection with an MSDP peer. After the reconnection interval elapses, check whether the MSDP peer is in UP
date again.

Configuration Example



Setting the MSDP Peer Reconnection Interval to 20s

Scenario
Figure 8- 11

Configuration



Establish the MSDP peer relationship between device A and device B.

Steps



On device A, set the MSDP peer reconnection interval to 20s.

A

A#configure
A(config)# ip msdp peer 20.0.0.4 connect-source gi0/1
A(config)# ip msdp description 20.0.0.4 peer-router-B
A(config)# end
A# show ip msdp peer 20.0.0.4
……
A#configure
A(config)# ip msdp timer 20
A(config)# end

B
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B(config)# ip msdp peer 20.0.0.3 connect-source gi0/1
B(config)# end
Verification



On device B, shut down and then immediately reconnect the connection with the MSDP peer.



Check whether the MSDP peer is in UP state within 20s.

A

A#debug ip msdp timer

B

B# configure
B(config)# show ip msdp peer 20.0.0.3

21.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Resets the TCP connection with a

clear ip msdp peerpeer-address

specified MSDP peer.
Clears the SA cache.

clear ip msdp sa-cache[group-address]

Clears the statistics of MSDP peers.

clear ip msdp statistics [peer-address]

Displaying
Description

Command

Displays the number of sources and

show ip msdp count[as-number]

number of groups generated by SA
messages.
Displays information about a mesh

show ip msdp mesh-group

group.
Displays detailed information about

show ip msdp peer [ peer-address]

MSDP peers.
Displays information about the MSDP

show ip msdp rpf-peerip-address

RPFpeer correspondingtothespecified
initiator address.
Displays the learned (S, G) information.

show ip msdpsa-cache [group-address | source-address] [group-address| source-address]
[as-number]

Displays the (S, G) information initiated show ip msdpsa-originated
by the local device.
Displays brief information about all

show ip msdp summary

MSDP peers.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

www.fs.com
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Debugs MSDP peers.

debug ip msdp peer

22 Configuring IGMP Snooping
22.1 Overview
Internet Group Management Protocol (IGMP) snooping is a mechanism of listening to IP multicast. It is used to manage and control
the forwarding of IP multicast traffic within VLANs, realizing Layer-2 multicasting.
As shown in the following figure, when a Layer-2 device is not running IGMP snooping, IP multicast packets are broadcasted within
the VLAN; when the Layer-2 device is running IGMP snooping, IP multicast packets are transmitted only to profile members.
Figure 9-1 Networking Topology of IP Multicast Forwarding within the VLAN Before and After IGMP Snooping Is Run on the Layer-2
Device

Protocols and Standards



RFC4541: Considerations for Internet Group Management Protocol (IGMP) and Multicast Listener Discovery (MLD) Snooping
Switches

22.2 Applications
Application

Description

Layer-2 Multicast Control

Enables precise forwarding of Layer-2 multicast packets to avoid flooding at this layer.

Shared Multicast Services (Multicast Multiple users can share the multicast traffic of the same VLAN.
VLAN)

www.fs.com
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Premium Channels and Preview

Controls the range of multicast addresses that allow user demanding and allows preview for
profiles who are inhibited from demanding.

22.2.1 Layer-2 Multicast Control

Scenario
As shown in the following figure, multicast packets are transmitted to users through a Layer-2 switch. When Layer-2 multicast control
is not performed, namely, when IGMP snooping is not implemented, multicast packets are flooded to all the users including those
who are not expected to receive these packets. After IGMP snooping is implemented, the multicast packets from an IP multicast
profile will no longer be broadcast within the VLAN but transmitted to designated receivers.
Figure 9- 2 Networking Topology of Implementing Layer-2 Multicast Control (Multicast VLAN)

Deployment
Configure basic IGMP snooping functions.
22.2.2 Shared Multicast Services (Multicast VLAN)

Scenario
In Shared VLAN Group Learning (SVGL) mode or IVGL-SVGL mode (IVGL: Independent VLAN Group Learning), a device running IGMP
snooping can provide shared multicast services (or multicast VLAN services) to the VLAN users. Typically, this function is used to
provide the same video-on-demand (VOD) services to multiple VLAN users.
The following figure shows the operation of a Layer-2 multicast device in SVGL mode of IGMP snooping. The multicast router sends a
multicastpackettoVLAN 1, and theLayer-2multicast deviceautomaticallytransfersthepackettoVLAN 1,VLAN 2, and VLAN 3. Inthis
way, the multicast services of VLAN 1 are shared by VLAN 2 and VLAN 3.

www.fs.com
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Figure 9- 3 Networking Topology of Shared Multicast Services (Multicast VLAN)

If the Layer-2 multicast device operates in IVGL mode, the router must send a packet to each VLAN, which wastes bandwidth
and burdens the Layer-2 multicast device.
Deployment



Configure basic IGMP snooping functions (in SVGL mode or IVGL-SVG mode).

22.2.3 Premium Channels and Preview

Scenario
In VOD application, by limiting the range of the multicast addresses that a user host can access, unpaid users will not be able to watch
the premium channels. Thereafter, the preview service is offered to unpaid users before they decide whether to pay for it.
The users can preview a premium channel for a certain period of time (for example 1 minute) after demanding it.
Deployment



Configure basic IGMP snooping functions (in any working mode).



Configure the range of multicast addresses that a user can access.



Enable the preview function for VOD profiles that are denied access.

22.3 Features
Basic Concepts



Multicast Router Ports and Member Ports
IGMP snooping is VLAN-based. The ports involved refer to the member ports within the VLAN.

The device running IGMP snooping identifies the ports within the VLAN as a multicast router port or member port so as to manage
and control the forwarding of IP multicast traffic within the VLAN. As shown in the following figure, when IGMP snooping is run on a
Layer-2 device, multicast traffic enters the multicast router port and exits from the member ports.
Figure 9- 4 Networking Topology of Two IGMP Snooping Ports
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Multicast router port: The location of the multicast source is directed by the port on the Layer-2 multicast device which is
connected to the multicast router (Layer-3 multicast device): By listening to IGMP packets, the Layer-2 multicast device can
automatically detect the multicast router port and maintain the port dynamically. It also allows users to configure a static router
port.



Member port: The port is on a Layer-2 multicast device and is connected to member hosts. It directs the profile members. It is
also called the Listener Port. By listening to IGMP packets, the Layer-2 multicast device can automatically detect the member
port and maintain the port dynamically. It also allows users to configure a static member port.

 IGMP Snooping Forwarding Entry
The device running IGMP snooping forwards IP multicast packets in accordance with the IGMP snooping forwarding entry.
An IGMP snooping forwarding entry includes the following items: source address (S), profile address (G), VLAN ID (VLAN_ID), multicast
router port, and member port. It indicates that packets of required features (including S, G, and VLAN_ID) should enter the multicast
router port and exit from a member port. An IGMP snooping forwarding entry is identified using a group of S, G, and VLAN_ID.
To display the IGMP snooping forwarding entry, run the show ip igmp snooping gda-table command.
FS#showipigmpsnoopinggda-table
Multicast Switching Cache Table
D: DYNAMIC //Dynamic member port
S: STATIC

//Static member port

M:MROUTE

//Multicast router port (dynamic or static)

(*, 233.3.6.29, 1):

//(S: any; G: 233.3.6.29; VLAN_ID: VLAN 1)

VLAN(1) 3 OPORTS:
GigabitEthernet 0/3(S)
GigabitEthernet 0/2(M)
GigabitEthernet 0/1(D)
(*, 233.3.6.30, 1):

//S: any; G: 233.3.6.30; VLAN_ID: VLAN 1)

VLAN(1) 2 OPORTS:

www.fs.com
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GigabitEthernet 0/2(M)
GigabitEthernet 0/1(D)

Overview
Feature

Description

Listening to IGMP Packets

Discovers and identifies the router port and member port to establish and maintain the IGMP
snooping forwarding entries. :

IGMP

Snooping

Working

Provides independent or shared multicast services to the user VLAN.

Modes
Multicast Security Control

Controls the multicast service scope and load to prevent illegal multicast traffic.

Profile

Defines the range of multicast addresses that permit or deny user requests for reference of other
functions.

Handling QinQ

Sets the forwarding mode of multicast packets on the QinQ interface.

IGMP Querier

OnanetworkwithoutaLayer-3multicastdevice,theLayer-2multicastdeviceactsasanIGMPquerier.

22.3.1 Listening to IGMP Packets

A device running IGMP snooping analyzes IGMP packets received, and finds and identifies the router port and member port using
these packets, thereby creating and maintaining an IGMP snooping entry.
Working Principle
A device running IGMP snooping can identify and handle the following types of IGMP packets:



Query Packets
An IGMP querier periodically sends General Query packets. When the IGMP querier receives Leave packets, it sends
Group-Specific Query packets.

When the device running IGMP snooping receives the Query packets, it performs the following operations within the VLAN:



Forward the IGMP Query packets to all the ports (except the receiving port of these packets).



If the receiving port is a dynamic router port, reset the aging timer. If the timer expires, the port will no longer be used as the
dynamic router port.



If the receiving port is not a dynamic router port, use it as a dynamic router port and enable the aging timer. If the timer expires,
the port will no longer be used as the dynamic router port.



For general queries, reset the aging timer for all the dynamic member ports. If the timer expires, the port will no longer be used
as the dynamic member port for the general group. By default, the maximum response time carried by the IGMP query packets
is used as the timeout time of the aging timer. If ip igmp snooping query-max-response-time is run, the time displayed is
used as the timeout time of the aging timer.



For designated query packets, reset the aging timer for all the dynamic member ports of the designated profile. If the timer
expires, the port will no longer be used as the dynamic member port of the designated profile. By default, the maximum
response time carried by the IGMP query packets is used as the timeout time of the aging timer. If ip igmp snooping
query-max-response-time is run, the time displayed is used as the timeout time of the aging timer.

www.fs.com
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If dynamic router port learning is disabled, IGMP snooping will not learn the dynamic router port.



Report Packets
When a member host receives a query, it responds to the query with a Report packet. If a host requests to join a profile, it will
also send areport.
. For IGMPv3 Report packets, FS products only process group information contained in the packets .

When the device running IGMP snooping receives the Report packets, it performs the following operations within the VLAN:



Forward the Report packets from all the router ports. After the ip igmp snooping suppression enable command is run in one
IGMP query cycle, only the first report received by each profile will be forwarded.



If the port on which Report packets are received is a dynamic member port, reset the aging timer. If the timer expires, the port
will no longer be used as the dynamic member port of the designated profile.



If the port on which Report packets are received is not a dynamic member port, use it as a dynamic member port and enable
the aging timer. If the timer expires, the port will no longer be used as the dynamic member port of the designated profile.



Leave Packets
If a host requests to leave a profile, it will send a Leave packet.

When the device running IGMP snooping receives the Leave packets, it performs the following operations within the VLAN:



Forward the leave packets from all the router ports.



If the port on which leave packets are received is a dynamic member port and the Leave function is enabled, the port will be
immediately deleted from the IGMP snooping forwarding entry of the designated profile and will no longer be used as the
dynamic member port.



If the port on which the leave packets are received is a dynamic member port and the Leave function is disabled, the port state
should be maintained.

Related Configuration



Configuring a Static Router Port

Run the ip igmp snooping vlan mrouter interface command to configure a static router port.



Configuring a Static Member Port

Run the ip igmp snooping vlan static interface command to configure a static member port.



Enabling Report Suppression

Report suppression is disabled by default.
Run the ip igmp snooping suppression enable command to enable report suppression.
After report suppression is enabled, in one IGMP query cycle, only the first Report packet received by each profile will be forwarded.
The source media access control (MAC) address of the forwarded report will be changed to the MAC address of the device.



Enabling Immediate Leave

Immediate leave is disabled by default.
Run the ip igmp snooping fast-leave enable command to enable immediate leave.

www.fs.com
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Enabling Dynamic Router Port Learning

Dynamic router port learning is enabled by default.
Run the no ip igmp snooping mrouter learn pim-dvmrp command to disable dynamic router port learning.
Run the no ip igmp snooping vlan vid mrouter learn pim-dvmrp command to disable dynamic router port learning for designated
VLANs.



Configuring the Aging Time of a Dynamic Router Port

The default aging time is 300s.
When a dynamic router port receives a query packet, the aging timer of the port is enabled or reset; if the aging time is not configured,
the maximum response time carried by the query packet is used as the aging time.
Run ip igmp snooping dyn-mr-aging-time to configure the aging time of the dynamic router port.



Configuring the Aging Time of a Dynamic Member Port

The default aging time is 260s.
When a dynamic member port receives a query packet, the aging timer of the port is enabled or reset, and the aging time is the
maximum response time carried by the query packet.
When a dynamic member port receives a Report packet, the aging timer of the port is enabled or reset, and the aging time is the
maximum response time of the dynamic member port.
Run ip igmp snooping host-aging-time to configure the aging time of the dynamic member port.



Configuring the Maximum Response Time of a Query Packet

The maximum response time of a query packet is not configured by default and the maximum response time carries by the query
packet is used.
Run ip igmp snooping query-max-response-time to configure the maximum response time of a query packet.
22.3.2 IGMP Snooping Working Modes

Adevicerunning in the three modes (IVGL, SVGL, and IVGL-SVGL) of IGMPsnooping can provide independent multicast services or
shared multicast services to the user VLAN.
Working Principle



IVGL

In IVGL mode, a device running IGMP snooping can provide independent multicast services to each user VLAN.
Independent multicast services indicate that multicast traffic can be forwarded only within the VLAN it belongs to, and a user host can
subscribe to the multicast traffic within the VLAN that the host belongs to.



SVGL

In SVGL mode, a device running IGMP snooping can provide shared multicast services to the user VLAN.
Shared multicast services can be provided only on shared VLANs and sub VLANs and SVGL multicast addresses are used. In a shared
VLAN, the multicast traffic within the range of SVGL multicast addresses is forwarded to a sub VLAN, and the user hosts within the sub
VLAN subscribe to such multicast traffic from the shared VLAN.
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In a shared VLAN and sub VLAN, shared multicast services will be provided to the multicast traffic within the range of SVGL
multicast addresses. Other multicast traffic will be discarded.



Other VLANs (except shared VLANs and sub VLANs) apply to independent multicast services.
When the user VLAN is set to a shared VLAN or sub VLAN, shared multicast services are provided; when a user VLAN is set to
other VLANs, independent multicast services are provided.



IVGL-SVGL

IVGL-SVGL mode is also called the hybrid mode. In this mode, a device running IGMP snooping can provide both shared and
independent multicast services to the user VLAN.



In a shared VLAN and sub VLAN, multicast services will be provided to the multicast traffic within an SVGL profile. For other
multicast traffic, independent multicast services will be provided.



Other VLANs (except shared VLANs and sub VLANs) apply to independent multicast services.
When a user VLAN is configured as a shared VLAN or sub VLAN, both public multicast services and independent multicast
services available. When a user VLAN is configured as a VLAN other than shared VLAN and sub VLAN, only the independent
multicast services are available.

Related Configuration



Enabling IGMP Snooping and Selecting a Working Mode

IGMP snooping is disabled by default.
RuntheipigmpsnoopingivglcommandtoenableIGMPsnoopinginIVGLmode.
Run the ip igmp snooping svgl command to enable IGMP snooping in SVGL mode.
Run the ip igmp snooping ivgl-svgl command to enable IGMP snooping in IVGL-SVGL mode.
A working mode must be designated when enabling IGMP snooping, namely, one of the preceding working modes must be selected.



Configuring Shared VLAN

The shared VLAN is VLAN 1 by default.
RuntheipigmpsnoopingsvglvlancommandtodesignateaVLANasthesharedVLAN.
In SVGL mode and IVGL-SVGL mode, only one VLAN can be configured as the shared VLAN.



Configuring Sub VLAN

By default, a sub VLAN is any VLAN except the shared VLAN.
Run the ip igmp snooping svgl subvlan command to designate a VLAN as the sub VLAN.
In SVGL mode and IVGL-SVGL mode, the number of sub VLANs is not limited.



Configuring an SVGL Profile

No default setting.
Run the ip igmp snooping svgl profile profile_num command to configure the address range of an SVGL profile.
In SVGL mode and IVGL-SVGL mode, the SVGL profile range must be configured; otherwise, shared multicast services cannot be
provided.
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22.3.3 IGMP Security Control

A device running IGMP snooping can control the multicast service scope and load, and effectively prevents illegal multicast traffic.
Working Principle



Configuring the Profile Filtering for User Demanding

By configuring the profile list that a user can access, you can customize the multicast service scope to guarantee the interest of
operators and prevent illegal multicast traffic.
To enable this function, you should use a profile to define the range of multicast addresses that a use is allowed to access.



When the profile is applied on a VLAN, you can define the multicast addresses that a user is allowed to access within the VLAN.



When the profile is applied on an interface, you can define the multicast addresses that a user is allowed to access under the
port.



Multicast Preview

If the service provider wants to allow the users to preview some multicast video traffic that denies the users' access, and stop the
multicast video traffic after the preview duration is reached, the user-based multicast preview function should be provided.
The multicast preview function is used together with multicast permission control. For example, in the application of videos, the
administrator controls some premium channels by running the ip igmp profile command on a port or VLAN. In this way,
unsubscribed users will not be able to watch these channels on demand. If users want to preview the channels before they decide
whether to pay for watching or not, the multicast preview function can be enabled, allowing the premium channels to be previewed
by unpaid users for a certain period of time (for example 1 minute).



Controlling the Maximum Number of Profiles Allowed for Concurrent Request

If there is too much multicast traffic requested at the same time, the device will be severely burdened. Configuring the maximum
number of profiles allowed for concurrent request can guarantee the bandwidth.



You can limit the number of profiles allowed for concurrent request globally.



You can also limit the number of profiles allowed for concurrent request on a port.



Controlling the Entry of Multicast Traffic

By running the ip igmp snooping source-check port command to enable source port inspection, you can restrict the entry of
multicast traffic to prevent illegal traffic.



When source port inspection is enabled, only the multicast traffic entered from the router port is considered as legal; the traffic
from other ports is considered as illegal and will be discarded.



When source port inspection is disabled, the traffic entered from any port is considered as legal.



Configuring the Source IP Inspection for Multicast Traffic

By enabling source IP inspection, you can restrict the IP address of multicast traffic to prevent illegal traffic.
Source IP inspection includes the inspection of the source IP addresses of specific profiles and of default profiles.



Inspection of the source IP addresses of default profiles (also called source-check default-server): Specifies the source IP
addresses for all the multicast profiles within allVLANs. Only the multicast traffic whose source IP address is the same as the set
one is considered as legal.
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Inspection of the source IP addresses of specific profiles (also called limit-ipmc): Specifies the source IP addresses for specific
multicast profiles within specific VLANs. Among the multicast traffic received from the specific multicast profiles within the
VLANs, only the one withthe same source IPaddress as the set one is considered as legal and will be forwarded by the multicast
device; other traffic will be discarded.

Related Configuration



Configuring the Profile Filtering

By default, profiles are not filtered and allow user access.
To filter multicast profiles, run the ip igmp snooping filter command in interface configuration mode or global configuration mode.



Enabling Preview

Preview is not enabled by default.
Run the ip igmp snooping preview command to enable preview and restrict the range of the profiles permitted for multicast
preview.
Run the ip igmp snooping preview interval to set the multicast preview duration.



Configuring the Maximum Number of Profiles Allowed for Concurrent Request on a Port

By default, the number of profiles allowed for concurrent request is not limited.
Run the ip igmp snooping max-groups command to configure the maximum number of profiles allowed for concurrent request.



Configuring the Maximum Number of Multicast Profiles Allowed Globally

By default, the maximum number of multicast profiles allowed globally is 65,536.
Run the ip igmp snooping l2-entry-limit command to configure the maximum number of multicast profiles allowed globally.



Enabling Source Port Inspection

By default, source port inspection is not configured.
Run the ip igmp snooping source-check port command to enable source port inspection.



Enabling Source IP Inspection

By default, source IP inspection is disabled.



Run the ip igmp snooping source-check default-server address command to enable source IP inspection and specify the
default source IP address (applicable to any profile of any VLAN).



(Optional) Run the ip igmp snooping limit-ipmc vlan vid address group-address server source-address command to specify a
specific source IP address for a specific profile of specific VLAN (applicable to a specific profile of specific VLAN).

First,you must enable sourceIP inspectiontospecifydefault source address,and then a specificsourceaddress canbe specified fora
specificprofileof specificVLAN. If a sourceaddressis specified for aspecificprofile of specificVLAN, the multicast traffic of the specific
profile will perform inspection for the source address specified by this command. Other multicast traffic will perform inspection for
default source addresses.
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22.3.4 IGMP Profile

A multicast profile is used to define the range of multicast addresses that permit or deny user demanding request for reference of
other functions.
Working Principle
The profile is used to define the range of multicast addresses.
When SVGL mode is enabled, an SVGL profile is used to define the range of SVGL multicast addresses.
When the multicast filter is configured on an interface, a profile is used to define the range of multicast addresses that permit or deny
user request under the interface.
When a VLAN filter is configured, a profile is used to define the range of multicast addresses that permit or deny user request under
within theVLAN.
When the preview function is enabled, a profile is used to define the range of multicast address allowed for preview.
Related Configuration



Configuring a Profile

Default configuration:



Create a profile, which is deny by default.

Configuration steps:



Run the ip igmp profile profile-number command to create a profile.



Run the range low-address high_address command to define the range of multicast addresses. Multiple address ranges are
configured for each profile.



(Optional) Run the permit or deny command to permit or deny user request (deny by default). Only one permit or deny
command can be configured for each profile.

22.3.5 IGMP QinQ

Working Principle
On a device with IGMP snooping enabled and dot1q-tunnel (QinQ) port configured, IGMP snooping will handle the IGMP packets
received by the QinQ port using the following two approaches:



Approach 1: Create a multicast entry on the VLAN where IGMP packets are located. The forwarding of IGMP packets on the VLAN
where these packets are located is called transparent transmission. For example, presume that IGMP snooping is enabled for a
device, Port A is designated as the QinQ port, the default VLAN of this port is VLAN 1, and it allows the passage of VLAN 1 and
VLAN 10 packets. When a multicast Query packet is sent by VLAN 10 to Port A, IGMP snooping establishes a multicast entry for
VLAN 10 and forwards the multicast Query packet to the router port of VLAN 10.



Approach 2: Create a multicast entry on the default VLAN of the QinQ port. Encapsulate the multicast packet with the VLAN tag
of the default VLAN where the QinQ port is located and forward the packet within the default VLAN. For example, presume that
IGMP snooping is enabled for a device, Port A is designated as the QinQ port, the default VLAN of this port is VLAN 1, and it
allowsthepassageofVLAN1andVLAN10packets.WhenamulticastQuerypacketissentbyVLAN10toPortA,IGMPsnooping
establishes a multicast entry for VLAN 1, encapsulates the multicast query packet with the tag of VLAN 1, and forward the
packet to VLAN 1 router port.
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Related Configuration



Configuring QinQ

By default, IGMP snooping works in the mode specified in Approach 2.
Run theipigmpsnooping tunnel command toimplement Approach1.
22.3.6 IGMP Querier

On a network with a Layer-3 multicast device, the Layer-3 multicast device acts as an IGMP querier. In this case, a Layer-2 device needs
only to listen to IGMP packets to establish and maintain the forwarding entry, realizing Layer-2 multicast.
On a network without a Layer-3 multicast device, the Layer-2 multicast device must be configured with the IGMP querier function so
that the device can listen to IGMP packets. In this case, a Layer-2 device needs to act as an IGMP querier as well as listen to IGMP
packets to establish and maintain the forwarding entry to realize Layer-2 multicast.
Working Principle
A Layer-2 device acts as an IGMP querier to periodically send IGMP Query packets, listen to and maintain the IGMP Report packets
repliedby a user, and createa Layer-2 multicastforwarding entry.Youcan adjust relevant parameters of the Query packetssent by the
IGMP querier throughconfiguration.
When the device receives a Protocol-Independent Multicast (PIM) or Distance Vector Multicast Routing Protocol (DVMRP) packet, it
considers that a multicast router, which will act as an IGMP querier, exists on the network and disables the querier function. In this way,
IGMP routing will not be affected.
When the device receives the IGMP Query packets from other devices, it will compete with other devices for the IGMP querier.



Enabling the Querier Function

You can enable the querier for a specific VLAN or all VLANs.
Only when the global querier function is enabled can the queriers for specific VLANs take effect.



Specifying the IGMP Version for a Querier

The version of IGMP used for sending Query packets can be configured as IGMPv1 or IGMPv2.



Configuring the Source IP Address of a Querier

YoucanconfigurethesourceIPaddressofaquerypacketsentbythequerierbasedonVLANs.
When the source IP address of the querier is not configured, the querier will not take effect.



Configuring the Query Interval of a Querier

You can configure the intervals for sending global Query packets based on different queriers on different VLANs.



Configuring the Maximum Response Time of a Query Packet

You can configure the maximum response time carried by a Query packet that is sent by a querier. As IGMPv1 does not support the
carrying of maximum response time by a Query packet, this configuration does not take effect when the querier is running IGMPv1.
You can configure different maximum response time for queriers on different VLANs.



Configuring the Aging Time of a Querier
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When other IGMP queriers exist on a network, the existing device will compete with other queriers. If the existing device fails to be
elected and is in the non-querier state, the aging timer of a querier will be enabled. After the timer expires, other queriers on the
network are considered as expired and the existing device will be resumed as the querier.
Related Configuration



Enabling the Querier Function

By default, the querier function of a device is disabled.
Run the ip igmp snooping querier command to enable the global querier function.
Run the ip igmp snooping vlan num querier command to enable the querier function for specific VLANs.



Specifying the IGMP Version for a Querier

By default, a querier runs IGMPv2.
Run the ip igmp snooping querier version command to configure the global querier version.
Run the ip igmp snooping vlan querier version command to specify the querier version for specific VLANs.



Configuring the Source IP Address of a Querier

By default, the source IP address of a querier is 0.
Run the ip igmp snooping querier address command to enable global source IP addresses of queriers.
Run the ip igmp snooping vlan querier address command to specify the source IP addresses of the queriers on specific VLANs.



Configuring the Query Interval of a Querier

By default, the query interval of a querier is 60s.
Run the ip igmp snooping querier query-interval command to enable the global query interval of queriers.
Run ip igmp snooping vlan querier query-interval to specify the global query interval of the queriers on specific VLANs.



Configuring the Maximum Response Time of a Query Packet

By default, the maximum response time of a query packet is 10s.
Run the ip igmp snooping querier max-response-time command to configure the maximum response time of the query packets
sent by globalqueriers.
Run the ip igmp snooping vlan querier max-response-time command to specify the maximum response time of the query packets
sent by the queriers on specific VLANs.



Configuring the Aging Time of a Querier

By default, the aging time of a querier is 125s.
Run the ip igmp snooping querier max-response-time command to configure the aging time of global queriers.
Run the ip igmp snooping vlan querier max-response-time command to configure the aging time of queriers on specific VLANs.
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22.4 Configuration
Configuration
Configuring
Snooping

Description and Command
Basic

Functions

IGMP
(IVGL

Mode)

Any of IVGL mode, SVGL mode, and IVGL-SVGL mode must be selected.
It is used to enable IGMP snooping in IVGL mode.
ip igmp snooping ivgl

EnablesglobalIGMPsnoopinginIVGLmode.

no ip igmp snooping vlan num

Disables IGMP snooping for a VLAN.

Any of IVGL mode, SVGL mode, and IVGL-SVGL mode must be selected.
It is used to enable IGMP snooping in SVGL mode.
Configuring

Basic

IGMP

Snooping Functions (SVGL
Mode)

ip igmp snooping svgl

EnablesglobalIGMPsnoopinginIVGLmode.

no ip igmp snooping vlan num

Disables IGMP snooping for a VLAN.

ip igmp snooping svgl profile profile_num

Configures the SVGL profile.

ip igmp snooping svgl vlan

Specifies the SVGL shared VLAN.

ip igmp snooping svgl subvlan

Specifies the SVGL sub VLAN.

Any of IVGL mode, SVGL mode, and IVGL-SVGL mode must be selected.
It is used to enable IGMP snooping in IVGL-SVGL mode.
Configuring

Basic

IGMP

Snooping Functions (IVGL-SVGL
Mode)

ip igmp snooping ivgl-svgl

Enables global IGMP snooping in IVGL-SVGL
mode.

no ip igmp snooping vlan num

Disables IGMP snooping for a VLAN.

ip igmp snooping svgl profile profile_num

Configures the SVGL profile.

ip igmp snooping svgl vlan

Specifies the SVGL shared VLAN.

ip igmp snooping svgl subvlan

Specifies the SVGL sub VLAN.

(Optional) It is used to adjust relevant configurations for processing protocol packets.
ip igmp snooping vlan vlan-id mrouter interface
interface-id
p igmp snooping vlan vid static group-address
interface interface-type interface-number
ip igmp snooping vlan vlan-id mrouter learn
Configuring

the

Packet

pim-dvmrp
ip igmp snooping dyn-mr-aging-time time

Processing

ip igmp snooping host-aging-time time
ip igmp snooping fast-leave enable
ipigmpsnoopingquery-max-response-timetime
ip igmp snooping suppression enable
Configuring
Control
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IGMP

Security

Configures a static router port.
Configures a static member port.
Enables dynamic router port learning.
Configures the aging time of a dynamic
router port.
Configures the aging time of a dynamic
member port.
Enables the immediate-leave function for a
dynamic member port.
Configures the maximum response time of an
IGMP query packet.
Enables IGMP Report packet suppression.

(Optional) It used to guarantee the security when a user requests a multicast profile.
ip igmp snooping filter profile-number

Configurestheprofilefilteringfor useraccess.

ip igmp snooping vlan num filter profile-number

Configures the per-VLAN profile filtering for
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user access.
ip igmp snooping l2-entry-limit number
ip igmp snooping max-groups number

Configures the maximum number of profiles
globally for user access.
Configures the maximum number of dynamic
profiles for user access.
Enables source IP inspection, which ensures

ip igmp snooping source-check port

the multicast traffic from the router port is
legal.
Enables source IP inspection.

ip igmp snooping source-check default-server

The multicast traffic whose source IP address

address

matches the specified source IP address is
considered as legal traffic.
Specifies a VLAN. In the multicast traffic of

ip igmp snooping limit-ipmc vlan vid address

multicast addresses, the one whose source IP

group-address server source-address

address matches the specified source IP
address is considered as legal traffic.

ip igmp snooping preview profile-number
ip igmp snooping preview interval num

Enables the preview function for a specified
profile.
Configures the preview duration.

(Optional) It is used to define the range of multicast addresses that permits or denies the access
of a user host.
Configuring an IGMP Profile

ip igmp profile profile-number

Creates a profile.

range low-address high_address

Configures the profile range.

permit

Permits the access of a user host.

deny

Denies the access of a user host.
(Optional) It is used to configure QinQ interface to forward multicast packets using the VLAN

Configuring IGMP QinQ

identifier (VID) carried by packets.
ip igmp snooping tunnel

Configures QinQ to transmit IGMP packets
transparently.

(Optional) It is used to enable IGMP querier function on a network without a Layer-3 multicast
device.
ip igmp snooping querier

Enables global querier function.

ip igmp snooping vlan num querier

Enables the querier for a VLAN.

ip igmp snooping querier version num
Configuring an IGMP Querier
ip igmp snooping vlan num querier version num
ip igmp snooping querier address a.b.c.d

www.fs.com

Specifies the IGMP version for queriers
globally.
Specifies the IGMP version for a querier of a
VLAN.
Configures the source IP address of queriers
globally.

ip igmp snooping vlan num querier address

Configures thesource IPaddress for a querier

a.b.c.d

of a VLAN.

ip igmp snooping querier query-interval num

Configures the query interval of queriers

1621

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

globally.
ip

igmp

snooping

vlan

num

querier

Configures the query interval for a querier of

query-interval num

a VLAN.

ip igmp snooping querier max-response-time

Configures the maximum response time for

num

query packets globally.

ip

igmp

snooping

vlan

num

querier

max-response-time num
ip igmp snooping querier timer expiry num

Configures the maximum response time of
query packets for a VLAN.
Configures the aging timer for queriers
globally.

ip igmp snooping vlan num querier timer expiry Configures the aging timer for a querier of a
num

VLAN.

22.4.1 Configuring Basic IGMP Snooping Functions (IVGL Mode)

Configuration Effect



Enable IGMP snooping to realize Layer-2 multicast.



Provide independent multicast services to each VLAN.

Notes



IP multicast cannot be realized in SVGL mode. If IP multicast must be used, select the IVGL mode.

Configuration Steps



Enabling Global IGMP Snooping in IVGL Mode

Mandatory.
After IGMP snooping is enabled globally, this function will be enabled for all VLANs.
If not specified, it is advised to run global IGMP snooping on all the devices connected user hosts.



Disabling IGMP Snooping for a VLAN

(Optional)YoucanusethisfunctionifyouwishtodisableIGMPsnoopingonspecifiedVLANs.
Only when global IGMP snooping is enabled can it be disabled on specified VLANs.
In IVGL mode, each VLAN can enjoy independent multicast services. Disabling any VLAN multicast services will not interfere in the
services provided to the others.
Verification



Run the show ip igmp snooping gda-table command to display the IGMP snooping forwarding table and verify that the
member ports include only those connecting member hosts.



Run the show ip igmp snooping command to display the basic IGMP snooping information and verify that IGMP snooping is
working in IVGL mode.

Related Commands



Enabling Global IGMP Snooping in IVGL Mode

www.fs.com
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Command

ip igmp snooping ivgl

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Afterthiscommandisexecuted,IGMPsnoopingwillberunonallVLANs.
By default, IGMP snooping is disabled.



Disabling IGMP Snooping for a VLAN

Command

no ip igmp snooping vlan num

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Only when global IGMP snooping is enabled can it be disabled on specified VLANs.
In IVGL mode, you can disable IGMP snooping on any VLAN.



Displaying the IGMP Snooping Entry

Command

show ip igmp snooping gda-table

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide



This command is used to verify that the ports include only those connecting member hosts.

Displaying the IGMP Snooping Working Mode

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If a device is running in IVGL mode, the following information is displayed:
IGMP Snooping running mode: IVGL

Configuration Example



Providing Layer-2 Multicast Services for the Subnet Hosts

www.fs.com
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Scenario
Figure 9- 5

A is the multicast router and is connected directly to the multicast source.
B is the Layer-2 device and is connected directly to the user host.
Receiver 1, Receiver 2, and Receiver 3 belong to VLAN 1.
Configuration



Configure the IP address and VLAN.

Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).


A

Enable IGMP snooping on B and select IVGL mode.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)# ip igmp snooping ivgl

Verification

Send packets from the source (10.1.1.1) to G (229.1.1.1) to add Receiver 1 to G.



Confirm that the packets (10.1.1.1 and 229.1.1.1) are received by Receiver 1.



DisplaytheIGMPsnooping forwarding entry on Band ensure thatthe port (10.1.1.1, 229.1.1.1, 1) includes only
Fa0/2.


B

Check whether the IGMP snooping working mode is IVGL.

B# show ip igmp snooping gda-table
Multicast Switching Cache Table
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D: DYNAMIC
S: STATIC
M: MROUTE
(*,224.1.1.1, 1):
VLAN(1) 2 OPORTS:
FastEthernet 0/1(M)
FastEthernet 0/2(D)

B# show ip igmp snooping
IGMP Snooping running mode: IVGL
IGMP Snooping L2-entry-limit: 65536
Source port check: Disable
Source ip check: Disable
IGMP Fast-Leave: Disable
IGMP Report suppress: Disable
IGMP Global Querier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
DynamicMrouteAgingTime:300(Seconds)
Dynamic Host AgingTime : 260(Seconds)

vlan 1
------------IGMP Snooping state: Enable
Multicastrouter learning mode: pim-dvmrp
IGMP Fast-Leave:Disabled
IGMP VLAN querier: Disable
IGMP VLAN Mode: STATIC
Common Errors



The working mode of IGMP snooping is improper.

22.4.2 ConfiguringBasicIGMP SnoopingFunctions (SVGL Mode)

Configuration Effect
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Enable IGMP snooping and select SVGL mode to realize Layer-2 multicast.



Share the VLAN multicast services.

Configuration Steps



Enabling Global IGMP Snooping in SVGL Mode

Mandatory.
Enableglobal IGMP snooping inSVGL mode.
Configure the range of associated SVGL profiles.



Specifying the SVGL Shared VLAN

(Optional) By default, VLAN 1 is used as the shared VLAN. You can adjust this configuration for other options.



Specifying the SVGL Sub VLAN

(Optional) By default, all theVLANs are used as the subVLANs of SVGL and can share the multicast services of the sharedVLAN. You
can adjust this configuration for other options.
Verification



Run the show ip igmp snooping command to display the basic IGMP snooping information and verify that IGMP snooping is
working in SVGL mode.



Run the show ip igmp snooping gda-table command to check whether inter-VLAN multicast entries are properly formed.

Related Commands



Enabling Global IGMP Snooping in SVGL Mode

Command

ip igmp snooping svgl

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

By default, IGMP snooping is disabled.
After the SVGL mode is selected, the range of profiles within SVGL multicast addresses needs to be associated.



Configuring the SVGL profile

Command

ip igmp snooping svgl profile profile_num

Parameter

profile_num: Configures SVGL to associate a profile.

Description
Command

Global configuration mode

Mode
Usage Guide



By default, no profile is associated with SVGL.

Specifying the SVGL Shared VLAN

Command

ip igmp snooping svgl vlan vid

Parameter

vid: Indicates a VLAN.
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Description
Command

Interface configuration mode

Mode
Usage Guide



By default, VLAN 1 is used as the shared VLAN.

Specifying the SVGL Sub VLAN

Command

ip igmp snooping svgl subvlan vid-range

Parameter

vid-range: Indicates VLAN ID or the range of VLAN IDs.

Description
Command

Interface configuration mode

Mode
Usage Guide



By default, all the VLANs except the shared VLAN are used as sub VLANs.

Displaying the IGMP Snooping Working Mode

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If a device is running in SVGL mode, the following information is displayed:
IGMP Snooping running mode: SVGL

Configuration Example



Enabling SVGL on the Access Device

Scenario
Figure 9- 6

A is the multicast router and is connected directly to the multicast source.
B is the Layer-2 device and is connected directly to the user host.
Receiver 1 is connected toVLAN 2, Receiver 2 is connected toVLAN 3, and Receiver 3 is connected toVLAN 4.
Configuration



Configure the IP address and VLAN. (Omitted)

Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).
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A



Enable IGMP snooping on B and select SVGL mode.



Configure the range of associated SVGL multicast addresses on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)#ipigmp profile1
B(config-profile)#permit
B(config-profile)#range 224.1.1.1 238.1.1.1
B(config-profile)#exit
B(config)#ip igmp snooping svgl
B(config)#ip igmp snooping svgl profile 1

Verification

Send packets from the source (10.1.1.1) to G (229.1.1.1) and add Receiver 1, Receiver 2 and Receiver 3 to G.



Confirmthat thepackets (10.1.1.1 and 224.1.1.1) are received by Receiver 1, Receiver 2, and Receiver 3.



Display the IGMP snooping forwarding entry on B and ensure that the ports (*, 224.1.1.1, 1) include Gi0/2,
Gi0/3, and Gi0/4.


B

Check whether the IGMP snooping working mode is SVGL.

B# show ip igmp snooping gda-table
Multicast Switching Cache Table
D: DYNAMIC
S: STATIC
M: MROUTE
(*,224.1.1.1, 1):
VLAN(2) 1 OPORTS:
GigabitEthernet 0/2(D)
VLAN(3) 1 OPORTS:
GigabitEthernet 0/3(D)
VLAN(4) 1 OPORTS:
GigabitEthernet 0/4(D)
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B# show ip igmp snooping
IGMP Snooping running mode: SVGL
IGMP Snooping L2-entry-limit: 65536
SVGL vlan: 1
SVGL profile number: 1
Sourceport check:Disable
Source ip check: Disable
IGMP Fast-Leave: Disable
IGMP Report suppress: Disable
IGMP Globle Querier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
Dynamic Mroute Aging Time : 300(Seconds)
DynamicHost AgingTime :260(Seconds)
Common Errors



The SVGL profile is not configured.



The sent multicast traffic is not within the SVGL profile.

22.4.3 ConfiguringBasicIGMPSnoopingFunctions(IVGL-SVGLMode)

Configuration Effect



Enable IGMP snooping and select IVGL-SVGL mode to realize Layer-2 multicast.



The SVGL profiles can share the multicast services.



The non-SVGL profiles run in IVGL mode.

Configuration Steps



Enabling Global IGMP Snooping in IVGL-SVGL Mode

Mandatory.
Enable global IGMP snooping in IVGL-SVGL mode.
Configure the range of associated SVGL profiles.



Specifying the SVGL Shared VLAN

(Optional) By default, VLAN 1 is used as the shared VLAN. You can adjust this configuration for other options.



Specifying the SVGL Sub VLAN
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(Optional) By default, all theVLANs are used as the subVLANs of SVGL and can share the multicast services of the sharedVLAN. You
can adjust this configuration for other options.
Verification



Run the show ip igmp snooping command to display the basic IGMP snooping information and verify that IGMP snooping is
working in IVGL-SVGL mode.



Run the show ip igmp snooping gda-table command to check whether inter-VLAN multicast entries are properly formed for
the SVGL profiles.



Run the show ip igmp snooping gda-table command to check whether intra-VLAN multicast entries are properly formed for
the SVGL profiles.

Related Commands



Enabling Global IGMP Snooping in IVGL-SVGL Mode

Command

ip igmp snooping ivgl-svgl

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

By default, IGMP snooping is disabled.
After the IVGL-SVGL mode is selected, the SVGL profiles needs to be associated.



Configuring the SVGL Profile

Command

ip igmp snooping svgl profile profile_num

Parameter

profile_num: Configures SVGL to associate a profile.

Description
Command

Global configuration mode

Mode
Usage Guide



By default, no profile is associated with SVGL.

Specifying the SVGL Shared VLAN

Command

ip igmp snooping svgl vlan vid

Parameter

vid: Indicates a VLAN.

Description
Command

Interface configuration mode

Mode
Usage Guide



By default, VLAN 1 is used as the shared VLAN.

Specifying the SVGL Sub VLAN

Command

ip igmp snooping svgl subvlan vid-range

Parameter

vid-range: Indicates VLAN ID or the range of VLAN IDs.

Description
Command

Interface configuration mode

Mode
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Usage Guide



By default, all the VLANs except the shared VLAN are used as sub VLANs.

Displaying the IGMP Snooping Working Mode

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If a device is running in SVGL mode, the following information is displayed:
IGMP Snooping running mode: SVGL



Displaying the IGMP Snooping Working Mode

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If a device is running in IVGL-SVGL mode, the following information is displayed:
IGMP Snooping running mode: IVGL-SVGL

Configuration Example



Enabling IVGL-SVGL on the Access Device

Scenario
Figure 9- 7

A is the multicast router and is connected directly to multicast Source 1.
B is a Layer-2 device and is connected directly to the user host and multicast Source 2.
Receiver 1 is connected toVLAN 2, Receiver 2 is connected toVLAN 3, and Receiver 3 is connected toVLAN 4.
Configuration
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Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).

A



Enable IGMP snooping on B and select IVGL-SVGL mode.



Configure the range of associated SVGL multicast addresses on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)#ipigmp profile1
B(config-profile)#permit
B(config-profile)#range 224.1.1.1 238.1.1.1
B(config-profile)#exit
B(config)#ip igmp snooping ivgl-svgl
B(config)#ip igmp snooping svgl profile 1

Verification

Send packets from Source 1 (10.1.1.1) to G (224.1.1.1) and add Receiver 1, Receiver 2 and Receiver 3 to G.
Send packets from Source 2 (192.168.2.1) to the destination (239.1.1.1) and add Receiver 1 239.1.1.1.



Confirmthat thepackets (10.1.1.1 and 224.1.1.1) are received by Receiver 1, Receiver 2, and Receiver 3.



Check that packets (192.168.2.1 and 239.1.1.1) can be received by Receiver 1.



Display the IGMP snooping forwarding entry on B and ensure that the ports (*, 224.1.1.1, 1) include Gi0/2,
Gi0/3, and Gi0/4, and the port (*, 239.1.1.1, 1) is Gi0/2.


B

Check whether the IGMP snooping working mode is IVGL-SVGL.

B# show ip igmp snooping gda-table
Multicast Switching Cache Table
D: DYNAMIC
S: STATIC
M: MROUTE
(*,224.1.1.1, 1):
VLAN(2) 1 OPORTS:
GigabitEthernet 0/2(D)
VLAN(3) 1 OPORTS:
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GigabitEthernet 0/3(D)
VLAN(4) 1 OPORTS:
GigabitEthernet 0/4(D)
(*,239.1.1.1, 2):
VLAN(2) 1 OPORTS:
GigabitEthernet 0/2(D)

B# show ip igmp snooping
IGMP Snooping running mode: IVGL-SVGL
IGMP Snooping L2-entry-limit: 65536
SVGL vlan: 1
SVGL profile number: 0
Sourceport check:Disable
Source ip check: Disable
IGMP Fast-Leave: Disable
IGMP Report suppress: Disable
IGMP Globle Querier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
DynamicMrouteAgingTime:300(Seconds)
Dynamic Host Aging Time : 260(Seconds)

Common Errors



The SVGL profile is not configured.



The sent multicast traffic is not within the SVGL profile.



The IVGL multicast traffic cannot be forwarded within the SVGL profile.

22.4.4 Configuringthe Packet Processing

Configuration Effect



Configure specified ports as the static router ports to receive the multicast traffic from all profiles.
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Configure specified ports as the static member ports to receive the multicast traffic from specified profiles



Enable Report packets suppression to forward only the first Report packet from a specified VLAN or profile to the router port
within a query interval, and the following Report packets will not be forwarded to the router port, thereby reducing the quantity
of packets on the network.



Configure the immediate-leave function to delete a port from the entry of member ports when a leave packet is received by the
port.



Disable dynamic router port learning to disable the learning of any router port.



Based on network load and configuration of a multicast device, you can adjust the aging time of a router port and member port
as well as the maximum response time of a query packet.

Notes



Only when basic IGMP snooping is configured can relevant configurations take effect.

Configuration Steps



Configuring a Static Router Port



Optional.



You can perform this configuration if you want to specify a static port to receive all the multicast traffic within the VLAN.



Configuring a Static Member Port



Optional.



You can perform this configuration if you want to specify a static port to receive specific multicast traffic within the VLAN.



Enabling Report Packet Suppression



Optional.



When there are numerous receivers to receive the packets from the same multicast profile, you can enable Report packets
suppression to suppress the number of Report packets to be sent.



Enabling the Immediate-Leave Function



Optional.



When there is only one receiver on a port, you can enable Leave to speed up the convergence of protocol upon leave.



Disabling Dynamic Router Port Learning



Optional.



This function is used when multicast traffic needs to be forwarded only within the Layer-2 topology but not to a Layer-3 router.



Configuring the Aging Time of a Dynamic Router Port



Optional.



You can configure the aging time based on network load.



Configuring the Aging Time of a Dynamic Member Port



Optional.



You can configure the aging time based on the interval for sending IGMP query packets by the connected multicast router.
Typically,the aging timeiscalculated as follows:Interval forsending IGMPquerypacketsx 2+ Maximumresponse timeof IGMP
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packets



Configuring the Maximum Response Time of a Query Packet



Optional.



You can configure the aging time based on network load.

Verification



Run the show ip igmp snooping mrouter command to check whether the configured static router port has an "S" in the
displayed configuration information.



Run the show ip igmp snooping gda command to check whether the configured static member port is marked with an S.



Run the show ip igmp snooping command to check whether Report packets suppression, immediate leave, router port
learning, router port aging time, member port aging time, and the maximum response time of the Query packet take effect.

Related Commands



Configuring a Static Router Port

Command

ip igmp snooping vlan vid mrouter interface interface-type interface-number

Parameter

vid: Indicates a VLAN. The value ranges from 1 to 4,094.

Description

interface-type interface-number: Indicates an interface name.

Command

Global configuration mode

Mode
Usage Guide

In SVGL mode, if a sub VLAN is not configured, only the configurations for the static router port within the shared
VLAN can take effect, and the others can be configured but cannot take effect. If a sub VLAN is configured, only the
configurations for the static router port within the shared VLAN or a non-sub VLAN can take effect, and the others can
be configured but cannot take effect.
In IVGL-SVGL mode, if a subVLAN is not configured, the configurations for the static router ports within all theVLANs
can take effect; if a sub VLAN is configured, only the configurations for the static router port within the shared VLAN
or a non-sub VLAN can take effect, and the others can be configured but cannot take effect.
In IVGL mode, the configurations for the static router ports within all the VLANs can take effect.



Configuring a Static Member Port

Command

ip igmp snooping vlan vid static group-address interface interface-type interface-number

Parameter

vid: Indicates a VLAN. The value ranges from 1 to 4,094.

Description

group-address: Indicates a profile address.
interface-type interface-number: Indicates an interface name.

Command

Global configuration mode

Mode
Usage Guide



By default, no static member port is configured.

Enabling Report Packet Suppression

Command

ip igmp snooping suppression enable

Parameter

N/A

Description
Command
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Mode
Usage Guide

When Report packets suppression is enabled, only the first Report packet from a specified VLAN or profile is
forwarded to the router port within a Query interval, and the following Report packets will not be forwarded to the
router port, thereby reducing the quantity of packets on the network.
Only the IGMPv1 and IGMPv2 Report packets can be suppressed, and the IGMPv3 Report packets cannot be
suppressed.



Enabling the Immediate-Leave Function

Command

ip igmp snooping fast-leave enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

When this function is enabled, a port will be deleted from the entry of the member port when the port receives a
leave packet. After that, the packets will no longer be forwarded to this port when it receives the query packets of
specified profiles. Leave packets include the IGMPv2 Leave packets as well as the IGMPv3 Report packets that include
types but carry no source address.
The immediate-leave function applies only to the scenario where only one host is connected to a device port. It is
used to conserve bandwidth and resources.



Enabling Dynamic Router Port Learning

Command

ip igmp snooping [ vlan vid ] mrouter learn pim-dvmrp

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description
Command

Global configuration mode

Mode
Usage Guide

A router port is the port that is connected directly to a multicast device running IGMP snooping and a multicast
neighbor device running multicast routing protocol. By default, dynamic router port learning is enabled and the
device automatically listens to IGMP Query packets, DVMRP packets, and PIM Hello packets.



Configuring the Aging Time of a Dynamic Router Port

Command

ip igmp snooping dyn-mr-aging-time seconds

Parameter

seconds: Indicates the aging time of a dynamic router port in the unit of seconds. The value ranges from 1 to 3,600.

Description
Command

Global configuration mode

Mode
Usage Guide

If a dynamic router port does not receive an IGMP general query packet or a PIM Hello packet before the aging timer
expires, the device will delete this port from the router port entry.
When dynamic router port learning is enabled, you can run this command to adjust the aging time of the dynamic
router port. If the aging time is too short, the multicast device may frequently add or delete a router port.



Configuring the Aging Time of a Dynamic Member Port

Command

ip igmp snooping host-aging-time seconds

Parameter

seconds: Indicates the aging time.
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Description
Command

Global configuration mode

Mode
Usage Guide

The aging time of a dynamic member port indicates the time when a device port receives the IGMP join packet sent
from host for subscribing to an IP multicast profile.
When the IGMP join packet is received, the aging time of the dynamic member port will be reset. The value of the
timer time is host-aging-time. If the timer expires, the multicast device deems that no user host for receiving the
multicast packet exists under the port, and will delete the port from the entry of IGMP snooping member port. After
the aging time is configured, the aging time of following received IGMP join packets will be host-aging-time. This
configuration takes effect after the next IGMP join packet is received, and the timer of the port in use will not be
refreshed.



Configuring the Maximum Response Time of a Query Packet

Command

ip igmp snooping query-max-response-time seconds

Parameter

seconds: Indicates the maximum response time.

Description
Command

Global configuration mode

Mode
Usage Guide

When an IGMP general Query packet is received, the multicast device will reset the aging time of all the dynamic
member ports, which is query-max-response-time. If the timer expires, the multicast device deems that no user host
for receiving the multicast packet exists under the port, and will delete the port from the entry of IGMP snooping
member port.
When an IGMP profile-specific Query packet is received, the multicast device will reset the aging time of all the
dynamic member ports of the specific profile, which is query-max-response-time. If the timer expires, the multicast
device deems that no user host for receiving the multicast packet exists under the port, and will delete the port from
the entry of IGMP snooping member port.
This configuration takes effect after the next Query packet is received, and the timer in use will not be refreshed. The
timer of an IGMPv3 profile-specific Query packet is not refreshed.



Displaying Router Ports

Command

show ip igmp snooping mroute

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the router port is successfully configured, an "S" will be displayed in the port information.
FS(config)#show ip igmp snooping mrouter
Multicast Switching Mroute Port
D: DYNAMIC
S: STATIC
(*, *, 1):
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VLAN(1) 1 MROUTES:
GigabitEthernet 0/1(S)



Displaying the Information of Dynamic Router Port Learning

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Run the show ip igmp snooping command to display the aging time and learning status of the dynamic router port.
Dynamic Mroute Aging Time : 300(Seconds)
Multicastrouter learningmode:pim-dvmrp



Displaying the Information of a Member Port

Command

show ip igmp snooping gda-table

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the member port is successfully configured, an "S" will be displayed in the port information.
FS(config)#show ip igmp snooping gda-table
Multicast Switching Cache Table
D: DYNAMIC
S: STATIC
M: MROUTE
(*, 224.1.1.1, 1):
VLAN(1) 1 OPORTS:
GigabitEthernet 0/1(S



Displaying Other Parameters

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Run the show ip igmp snooping command to display the aging time of the router port, aging time of the dynamic
member port, response time of the query packet, and Report packets suppression, and immediate leave.
IGMP Fast-Leave: Enable
IGMP Report suppress: Enable
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Query Max Response Time: 20(Seconds)
Dynamic Mroute Aging Time : 300(Seconds)
DynamicHostAgingTime:260(Seconds)
Configuration Example



Configuring a Static Router Port and Static Member Port

Configuration



Configure basic IGMP snooping functions.

Steps



Configure a static router port and static member port.

FS# configure terminal
FS(config)# ip igmp snooping vlan 1 mrouter interface GigabitEthernet 0/0
FS(config)# ip igmp snooping vlan 1 static 224.1.1.1 interface GigabitEthernet 0/0
FS(config)# end

Verification

Run the show ip igmp snooping mrouter and show ip igmpsnooping gda-table commands to checkwhether the
configuration takes effect.
FS#showipigmpsnoopingmrouter
Multicast Switching Mroute Port
D: DYNAMIC
S: STATIC
(*, *, 1):
VLAN(1) 1 MROUTES:
GigabitEthernet 0/0(S)

FS#show ip igmp snooping gda-table
Multicast Switching Cache Table
D: DYNAMIC
S: STATIC
M: MROUTE
(*, 224.1.1.1, 1):
VLAN(1) 1 OPORTS:
GigabitEthernet 0/0(SM)
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Enabling Report Packet Suppression

Scenario
Figure 9- 8

A is the multicast router and is connected directly to multicast Source 1.
BisaLayer-2deviceand isconnecteddirectlytotheuserhostand multicastSource2.
Receiver 1, Receiver 2, and Receiver 3 are connected to VLAN 1.
Configuration



Configure the IP address and VLAN. (Omitted)

Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).

A



Enable IGMP snooping on B and select IVGL mode.



Enable Report packets suppression on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)#ipigmpsnoopingivgl
B(config)# ip igmp snooping suppression enable

Verification

Check whether Receiver 1 and Receiver 2 are added to profile 239.1.1.1, and only the IGMP Report packets of profile
239.1.1.1 are forwarded from interface Gi0/1 of B.
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B

B# show ip igmp snooping
IGMP Snooping running mode: IVGL
IGMP Snooping L2-entry-limit: 65536
Source port check: Disable
Source ip check: Disable
IGMP Fast-Leave: Disable
IGMP Report suppress: Enable
IGMPGlobleQuerier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
DynamicMrouteAgingTime:300(Seconds)
Dynamic Host Aging Time : 260(Seconds)



Configuring Other Parameters

Configuration



Configure basic IGMP snooping functions.

Steps



Enable Immediate-leave function.



Disable router portlearning.



Configure the aging time of a router port.



Configuring the aging time of a member port.



Configure the response time of a Query packet.

FS# configure terminal
FS(config)# ip igmp snooping fast-leave enable
FS(config)#no ipigmpsnooping mrouter learn pim-dvmrp
FS(config)#ip igmp snooping dyn-mr-aging-time 200
FS(config)#ip igmp snooping host-aging-time 100
FS(config)#ip igmp snooping query-max-response-time 60
FS(config)# end

Verification

Run the show ip igmp snooping command to check whether the configuration is successful.
FS#show ip igmp snooping
IGMP Snooping running mode: IVGL
IGMP Snooping L2-entry-limit: 65536
Source port check: Disable
Source ip check: Disable
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IGMP Fast-Leave: Enable
IGMP Report suppress: Enable
IGMPGlobleQuerier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
Query Max Response Time: 60(Seconds)
IGMP Preview group aging time : 60(Seconds)
DynamicMrouteAgingTime:200(Seconds)
Dynamic Host Aging Time : 100(Seconds)
Common Errors



Basic IGMP snooping functions are not configured or the configuration is not successful.

22.4.5 Configuring IGMP Security Control

Configuration Effect



Configure the range of multicast addresses that a user can access.



Configure to allow a user from an unauthorized profile to preview a multicast channel.



Configure the number of multicast addresses that a user can access.



Configure to limit a user to receive only the multicast traffic from a router port to prevent illegal multicast traffic sent by the end
user.



Configure to limit a user to receive only the multicast traffic from designated source IP addresses to prevent illegal multicast
traffic.

Notes



Basic IGMP snooping functions must be configured.

Configuration Steps



Configuring the Profile Filtering



Optional.



If you want to limit the profile packets to be received by a port, you can configure the profile filtering on the port.



If you want to limit the multicast packets to be received by a VLAN, you can configure the per-VLAN profile filtering.



Enabling Multicast Preview



Optional.



You can enable multicast preview for a user from an unauthorized profile.



Configuring the Maximum Number of Profiles



Optional.



If you want to limit the number of multicast profiles that a port is allowed to receive, you can configure the maximum number of
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multicast profiles allowed for this port.



If you want to limit the number of multicast profiles that global ports are allowed to receive, you can configure the maximum
number of multicast profiles allowed for these ports.



Configuring Source Port Inspection



Optional.



You can perform this configuration if you want to allow a port to receive only the multicast traffic from the router port.



Configuring Source IP Inspection



Optional.



Youcan perform this configuration to specify the source IP address for all the multicast profiles of all VLANs. Only the multicast
traffic whose source IP address is the same as the set one is considered as legal.



You can also specify the source IP addresses for specific multicast profiles within specific VLANs. Among the multicast traffic
received from the specific multicast profiles within the VLANs, only the one with the same source IP address as the set one is
considered as legal and will be forwarded by the multicast device; other traffic will be discarded.

Verification



Run the show ip igmp snooping interfaces command to display the profile filtering and the maximum number of multicast
profiles for a port.



Run the show ip igmp snooping vlan command to display the per-VLAN profile filtering.



Run the show ip igmp snooping command to check whether the maximum number of global multicast profiles, preview
function, source port inspection, and source IP address inspection take effect.

Related Commands



Configuring the Profile Filtering

Command

ip igmp snooping filter profile-number

Parameter

profile-number: Indicates a profile number.

Description
Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the Per-VLAN Profile Filtering

Command

ip igmp snooping vlan vid filter profile-number

Parameter

vid: Indicates a VLAN. The value ranges from 1 to 4,094.

Description

profile-number: Indicates a profile number.

Command

Global configuration mode

Mode
Usage Guide
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Configuring the Maximum Number of Profiles on a Port

Command

ip igmp snooping max-groups number

Parameter

number: Indicates the maximum number of multicast profiles.

Description
Command

Interface configuration mode

Mode
Usage Guide

This value indicates only the number of dynamic multicast profiles, and the number of static profiles is not included.
The counter of multicast profiles is based on the VLAN that the port belongs to. For example, if a port belongs to
threeVLANs, and all three of them receive a request packet from multicast profile 224.1.1.1 simultaneously, then the
counter of multicast profiles will be 3 but not 1.



Configuring the Maximum Number of Global Profiles

Command

ip igmp snooping l2-entry-limit number

Parameter

number: Indicates the maximum number of multicast profiles.

Description
Command

Global configuration mode

Mode
Usage Guide



This value includes the number of both dynamic profiles as well as static profiles.

Configuring Source Port Inspection

Command

ip igmp snooping source-check port

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After source port inspection is enabled, the multicast traffic received by a device will be discarded if no router port is
detected in the network environment.



Configuring Source IP Inspection

Command

ip igmp snooping source-check default-server source-address

Parameter

source-address: Indicates the source IP address.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling Source IP Inspection for a Specific Profile

Command

ip igmp snooping limit-ipmc vlan vid address group-address server source-address

Parameter

vid vlan id

Description

group-address: Indicates a profile address.
source-address: Indicates the source IP address.

Command

Global configuration mode

Mode
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Usage Guide



N/A

Enabling Preview

Command

ip igmp snooping preview profile-number

Parameter

profilenumber: Indicates the range of multicast addresses allowed for preview. The value ranges from1 to 1,024.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Preview Duration

Command

ip igmp snooping preview interval num

Parameter

num: Specifies the preview duration which ranges from 1s to 300s (60s by default).

Description
Command

Global configuration mode

Mode
Usage Guide

This configuration allows unauthorized users to receive multicast traffic within the preview duration. After the
duration is met, the preview will be stopped; the preview can be resumed in 300s.



Displaying the Per-Port Profile Filtering

Command

show ip igmp snooping interface

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the function is configured, the profile will be displayed, for example:
FS#show ip igmp snooping interfaces gigabitEthernet 0/1
Interface
-------------------------

Filter profile number
---------------------

GigabitEthernet 0/1



max-group

---------

1

Displaying the Per-VLAN Profile Filtering

Command

show ip igmp snooping vlan

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the function is configured, the profile will be displayed, for example:
IGMP VLAN filter: 1



Displaying the Maximum Number of Interface Profiles

Command
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Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Ifthemaximum number of multicast addressesfor a port isconfigures,the value will be displayed, forexample:
FS#show ip igmp snooping interfaces gigabitEthernet 0/1
Interface
-------------------------

Filter profile number
---------------------

GigabitEthernet0/1



max-group

---------

1

200

Displaying the Maximum Number of Global Profiles

Command

show ip igmp snooping vlan

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If the function is configured, the profile will be displayed, for example:
IGMP Snooping L2-entry-limit: 65536



Displaying the Information of Source Port Inspection

Command

show ip igmp snooping vlan

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If source port inspection is enabled, the following information will be displayed:
Source port check: Enable



Displaying the Information of Source IP Inspection

Command

show ip igmp snooping vlan

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If source IP address inspection is enabled, the following information will be displayed:
Source ip check: Enable



Displaying the Information of the Preview Function

Command

show ip igmp snooping

Parameter

N/A
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Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Ifthe range of multicast addresses fora port isconfigured, preview will be enabled, for example:
IGMP Preview: Enable
IGMP Preview group aging time : 60(Seconds)

Configuration Example



Configuring the Profile Filtering and the Maximum Number of Demanded Profiles

Scenario
Figure 9- 9

A is the multicast router and is connected directly to multicast Source 1.
BisaLayer-2deviceand isconnecteddirectlytotheuserhostand multicastSource2.
Receiver 1, Receiver 2, and Receiver 3 are connected to VLAN 1.
By configuring VLAN 1, you can configure to allow the users within VLAN 1 to receive only the profiles whose
addresses range from 225.1.1.1 to 225.1.255.255.
You can configure Receiver 1 to receive only the profiles whose addresses range from 225.1.1.1 to 225.1.1.255,
Receiver 2 to receive only the profiles whose addresses range from 225.1.2.1 to 255.1.2.255, and Receiver 3 to receive
only the profiles whose addresses range from 225.1.3.1 to 225.1.3.255.
At most 10 profiles can be added to a port and at most 100 profiles can be added globally.
Configuration



Configure the IP address and VLAN. (Omitted)

Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).

A



Enable IGMP snooping on B and select IVGL mode.



Configure the range and maximum number of multicast addresses on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
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A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit
B

B# configure terminal
B(config)#ipigmpsnoopingivgl
B(config)#ip igmp profile 1
B(config-profile)#permit
B(config-profile)#rang
B(config-profile)#range 225.1.1.1 225.1.255.255
B(config-profile)#exit
B(config)#ipigmp profile2
B(config-profile)#permit
B(config-profile)#range 225.1.1.1 225.1.1.255
B(config-profile)#exit
B(config)#ipigmp profile3
B(config-profile)#permit
B(config-profile)#range 225.1.2.1 225.1.2.255
B(config-profile)#exit
B(config)#ipigmp profile4
B(config-profile)#permit
B(config-profile)#range
B(config-profile)#range 225.1.3.1 225.1.3.255
B(config-profile)#exit
B(config)#ipigmpsnoopingl2-entry-limit100
B(config)#ip igmp snooping vlan 1 filter 1
B(config)#int gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/0)#ip igmp snooping filter 2
FS(config-if-GigabitEthernet 0/0)#ip igmp snooping max-groups 10
B(config)#int gigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/0)#ip igmp snooping filter 3
FS(config-if-GigabitEthernet 0/0)#ip igmp snooping max-groups 10
B(config)#int gigabitEthernet 0/4
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FS(config-if-GigabitEthernet 0/0)#ip igmp snooping filter 4
FS(config-if-GigabitEthernet 0/0)#ip igmp snooping max-groups 10

Verification



Run the show ip igmp snooping interfaces command to display the profile filtering and the maximum
number of multicast profiles for a port.


B

Run the show ip igmp snooping command to display the maximum number of global multicast groups.

B#show ip igmp snooping interfaces
Interface
-------------------------

Filter profile number
---------------------

max-group

---------

GigabitEthernet 0/2

2

10

GigabitEthernet 0/3

3

10

GigabitEthernet 0/4

4

10

B#showipigmpsnooping
IGMP Snooping running mode: IVGL
IGMPSnooping L2-entry-limit:100
Source port check: Disable
Source ip check: Disable
IGMP Fast-Leave: Disable
IGMP Report suppress: Disable
IGMP Globle Querier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
DynamicMrouteAgingTime:300(Seconds)
Dynamic Host Aging Time : 260(Seconds)
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Configuring Source Port Inspection

Scenario
Figure 9- 10

A is the multicast router and is connected directly to multicast Source 1.
BisaLayer-2deviceand isconnecteddirectlytotheuserhostand multicastSource2.
Receiver 1, Receiver 2, and Receiver 3 are connected to VLAN 1.
Source 1 sends the multicast address traffic from profile 224.1.1.1, and Source 2 sends the multicast address traffic
from profile 225.1.1.1.
Receiver 1 can request profiles 224.1.1.1 and 225.1.1.1 respectively.
Source port inspection is enabled.
Configuration



Configure the IP address and VLAN.

Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).

A



Enable IGMP snooping on B and select IVGL mode.



Enable source port inspection on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)#ipigmpsnoopingivgl
B(config)#ip igmp snooping source-check port
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Verification



Run the show ip igmp snooping mroute command to check whether Gi0/1 is learned as a router port.



Check whether Receiver 1 can request the multicast traffic of profile 224.1.1 and cannot request that of profile
225.1.1.1.

B

Multicast Switching Mroute Port
D: DYNAMIC
S: STATIC
(*, *, 1):
VLAN(1) 1 MROUTES:
GigabitEthernet 0/1(S)

B#showipigmpsnooping
IGMP Snooping L2-entry-limit: 100
Source port check: Enable
Source ip check: Disable



Configuring Source IP Inspection

Scenario
Figure 9- 11

A is the multicast router and is connected directly to multicast Source 1.
BisaLayer-2deviceandisconnecteddirectlytotheuserhostand multicastSource2.
Receiver 1, Receiver 2, and Receiver 3 are connected to VLAN 1.
Source 1 sends the multicast address traffic from profiles 10.1.1.1 and 224.1.1.1, Source 2 sends the multicast address
traffic from profiles 192.168.1.3 and 225.1.1.1, and Source 3 sends the multicast address traffic from profiles
192.168.1.3 and 226.1.1.1.
Receiver 1 can request profiles 224.1.1.1, 225.1.1.1, and 226.1.1.1 respectively.
The default IP address for source IP inspection is 10.1.1.1.
Configure limit-ipmc and the multicast traffic of profile 225.1.1.1, and set the legal source address as 192.168.1.3.
Configuration
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Steps



Enable multicast routing on A and enable the multicast routing protocol on Layer-3 interface (Gi0/1 and VLAN
1).

A



Enable IGMP snooping on B and select IVGL mode.



Enable source port inspection on B.

A# configure terminal
A(config)# ip multicast-routing
A(config)# interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)# ip pim sparsemode A(config-if-GigabitEthernet 0/1)# exit
A(config)# interface vlan 1
A(config-if-VLAN 1)# ip pim sparse-mode
A(config-if-VLAN 1)# exit

B

B# configure terminal
B(config)#ipigmpsnoopingivgl
B(config)# ip igmp snooping source-check default-server 10.1.1.1
B(config)# ip igmp snooping limit-ipmc vlan 1 address 225.1.1.1 server 192.168.1.3

Verification



Run the show ip igmp snooping command to check whether source IP inspection is enabled.



Check whether Receiver 1 can request the multicast traffic of profile 224.1.1 and 225.1.1.1 and cannot request
that of profile 226.1.1.1.

B

B#showipigmpsnooping
IGMP Snooping running mode: IVGL
IGMP Snooping L2-entry-limit: 65536
Source port check: Disable
Source ip check: Enable
IGMP Fast-Leave: Disable
IGMP Report suppress: Disable
IGMP Globle Querier: Disable
IGMP Preview: Disable
IGMP Tunnel: Disable
IGMP Preview group aging time : 60(Seconds)
Dynamic Mroute Aging Time : 300(Seconds)
DynamicHostAgingTime:260(Seconds)

Common Errors

www.fs.com

1652

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Basic IGMP snooping functions are not configured or the configuration is not successful.



The multicast router port is not learned, leading to failureto receive the multicast traffic.



The IP address for source IP inspection is inconsistent with the multicast IP address, leading to failure to receive the multicast
traffic.

22.4.6 Configuring an IGMP Profile

Configuration Effect



Create an IGMP filtering profile.

Configuration Steps



Creating a Profile



(Optional) Create an IGMP filtering profile.



Configuring the Profile Range



(Optional) Configure the range of multicast profile addresses.



Configuring the Profile Filtering



(Optional) Configure the filtering mode of profile to permit or deny.

Verification



Run the show running-config command to check whether the preceding configurations take effect.

Related Commands



Creating a Profile

Command

ip igmp profile profile-number

Parameter

profile-number: Indicates the number of a profile.

Description
Command

Global configuration mode

Mode
Usage Guide



Configuring the Profile Range

Command

range low-ip-address [ high-ip-address ]

Parameter

low-ip-address: Specifies the start address.

Description

low-ip-address: Specifies the end address. Only one address is configured by default.

Command

Profile configuration mode

Mode
Usage Guide

Youcan configure multiple addresses. If the IP addresses of different ranges are consecutive, the addresses will be
combined.



Configuring the Profile Filtering
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Command

deny

Parameter

N/A

Description
Command

Profile configuration mode

Mode
Usage Guide

If the filtering mode of profile is set to deny while the range of multicast profiles is not specified, no profile is to be
denied, which means to permit all profiles.



Configuring the Profile Filtering

Command

permit

Parameter

N/A

Description
Command

Profile configuration mode

Mode
Usage Guide

If the filtering mode of profile is set to permit while the range of multicast profiles is not specified, no profile is to be
permitted, which means to deny all profiles.

Configuration Example



Creating a Filtering Profile

Configuration



Create a filtering profile.

Steps
B(config)#ipigmp profile1
B(config-profile)#permit
B(config-profile)#range
B(config-profile)#range 224.1.1.1 235.1.1.1
B(config-profile)#

Verification

Run the show running-config command to check whether the configuration is successful.
ip igmp profile 1
permit
range 224.1.1.1 235.1.1.1
!

Common Errors



Basic IGMP snooping functions are not configured or the configuration is not successful.



The mode of profile is set to permit while the range of multicast profiles is not specified, leading to the denial of all profiles.

22.4.7 ConfiguringIGMP QinQ

Configuration Effect
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Create a multicast entry on the VLAN where IGMP packets are located. Forward IGMP packets on the VLAN where these packets
are located, realizing transparent transmission.

Notes



Basic IGMP snooping functions must be configured.

Configuration Steps



Configuring QinQ Transparent Transmission



If the QinQ interface needs to forward multicast packets on the VLANs where the VIDs of the packets specify, enable QinQ to
realize transparent transmission.

Verification



Run the show ip igmp snooping command to check whether the configuration takes effect.

Related Commands



Configuring QinQ Transparent Transmission

Command

ip igmp snooping tunnel

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Enable QinQ to realize transparent transmission of IGMP packets.

Displaying QinQ Configuration

Command

show ip igmp snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If QinQ is enabled, the following content is displayed.
IGMP Tunnel: Enable

Configuration Example



Configuring QinQ Transparent Transmission

Configuration



Configure basic IGMP snooping functions.

Steps



Configure QinQ transparent transmission.

FS# configure terminal
FS(config)#ipigmpsnoopingtunnel
FS(config)# FS(config)# end

Verification
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IGMP Tunnel: Enable
Common Errors



Basic IGMP snooping functions are not configured or the configuration is not successful.

22.4.8 Configuring an IGMP Querier

Configuration Effect



Configure the device as an IGMP querier, which will send IGMP Query packets periodically and collect user demanding
information.

Notes



Basic IGMP snooping functions must be configured.

Configuration Steps



Enabling the Querier Function



(Optional) Enable IGMP querier function globally or for a specified VLAN.



(Optional) Disable the IGMP querier function for a specified VLAN.



Configuring the Source IP Address of a Querier



(Optional) You can configure the source IP address of a Query packet sent by the querier based on VLANs.



After a querier is enabled, a source IP address must be specified for the querier; otherwise, the configuration will not take effect.



Configuring the Maximum Response Time of a Query Packet



(Optional) Adjust the maximum response time carried by an IGMP Query packet. As IGMPv1 does not support the carrying of
maximum response time by a Query packet, this configuration does not take effect when the querier is running IGMPv1.



Configuring the Query Interval of a Querier



(Optional) Adjust the interval of the IGMP querier for sending query packets.



Configuring the Aging Timer of a Querier



(Optional) Configure the aging timer of other IGMP queriers on the network.



Specifying the IGMP Version for a Querier



(Optional) Specify the IGMP version for a querier (IGMPv2 by default).

Verification



Run the show ip igmp snooping querier detail command to check whether the configuration takes effect.

Related Commands



Enabling the IGMP Querier Function

Command

ip igmp snooping [ vlan vid ] querier

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.
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Description
Command

Global configuration mode

Mode
Usage Guide

IGMP querier for a specified VLAN will take effect only after global IGMP querier is enabled.
If global IGMP querier is disabled, IGMP querier for all the VLANs will be disabled.



Configuring the Source IP Address of a Querier

Command

ip igmp snooping [ vlan vid ] querier address a.b.c.d

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description

a.b.c.d: Indicates the source IP address.

Command

Global configuration mode

Mode
Usage Guide

After a querier is enabled, a source IP address must be specified for the querier; otherwise, the configuration will not
take effect.
If the source IP address is specified by a VLAN, the address will be used preferentially.



Configuring the Maximum Response Time of a Querier

Command

ip igmp snooping [ vlan vid ] querier max-response-time seconds

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description

seconds: Indicates the maximum response time. in the unit of seconds. The value ranges from 1 to 25.

Command

Global configuration mode

Mode
Usage Guide



If the query interval is specified by a VLAN, the value will be used preferentially.

Configuring the Query Interval of a Querier

Command

ip igmp snooping [ vlan vid ] querier address a.b.c.d

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description

seconds: Indicates the query interval in the unit of seconds. The value ranges from 1 to 18,000.

Command

Global configuration mode

Mode
Usage Guide



If the query interval is specified by a VLAN, the value will be used preferentially.

Configuring the Aging Timer of a Querier

Command

ip igmp snooping [ vlan vid ] querier timer expiry seconds

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description

seconds: Indicates the timeout time in the unit of seconds. The value ranges from 60 to 300.

Command

Global configuration mode

Mode
Usage Guide

A device may fail to be elected as the querier even when its querier function is enabled. If a device that fails to be
elected does not receive the Query packet sent by the querier in the aging time, the querier in use is considered as
expired, and a new round of election will be raised.
If the aging time is specified by a VLAN, the value will be used preferentially.



Specifying the IGMP Version for a Querier
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Command

ip igmp snooping [ vlan vid ] querier version 1

Parameter

vlan vid: Specifies a VLAN. This configuration applies to all VLANs by default.

Description
Command

Global configuration mode

Mode
Usage Guide

A querier can be run in IGMPv1 and IGMPv2 (IGMPv2 by default). You can also run a command to configure the
version to IGMPv1.
If the IGMP version for a querier is specified by a VLAN, the version will be used preferentially.



Displaying the IGMP Querier Configuration

Command

show ip igmp snooping querier detail

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

If QinQ is enabled, the following content is displayed.
FS(config)#show ip igmp snooping querier detail
Vlan

IPAddress

IGMP Version

Port

-----------------------------------------------------------

Global IGMP switch querier status
-------------------------------------------------------admin state

: Enable

admin version
source IP address
query-interval (sec)
max-response-time (sec)
querier-timeout (sec)

Vlan 1:

2
: 1.1.1.1
60
10
125

IGMP switch querier status

-------------------------------------------------------admin state

: Disable

admin version
source IP address
query-interval (sec)
max-response-time (sec)
querier-timeout (sec)
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operational state

: Disable

operational version

:2

Configuration Example



Enabling the IGMP Querier Function

Scenario
Figure 9- 12

In the scenario without Layer-3 multicast equipment, the multicast traffic can be forwarded only on the Layer-2
network.
A acts as a Layer-2 device to connect to the multicast source and receiver.
Configuration



Enable global IGMP snooping on A in IVGL mode.

Steps



Enable IGMP querier for VLAN 1 on A.

A

A(config)#ip igmp snooping ivgl
A(config)#ipigmpsnoopingquerier
A(config)#ip igmp snooping querier address 10.1.1.1
A(config)#ip igmp snooping vlan 1 querier

Verification

Run the show ip igmp snooping querier command to check whether the querier of VLAN 1 takes effect.

A

A(config)#show ip igmp snooping querier
Vlan

IPAddress

IGMP Version

Port

----------------------------------------------------------1

10.1.1.1

2

switch

A(config)#show ip igmp snooping querier vlan 1

Vlan 1:

IGMP switch querier status

--------------------------------------------------------
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elected querier is 10.1.1.1

(thisswitchquerier)

-------------------------------------------------------adminstate

:Enable

admin version

:2

source IP address
query-interval (sec)
max-response-time (sec)

: 10.1.1.1
: 60
:10

querier-timeout (sec)

:125

operational state

: Querier

operational version

:2

Common Errors



The source IP address is not configured for the querier and the querier does not take effect.

22.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears the statistics on IGMP snooping.

clear ip igmp snooping statistics

Clears the dynamic router ports and member

clear ip igmp snooping gda-table

ports.
Displaying
Description

Command

Displays basic IGMP snooping configurations.

show ip igmp snooping [ vlan vlan-id ]

Displays the statistics on IGMP snooping.

show ip igmp snooping statistics [ vlan vlan-id ]

Displays the router ports.

show ip igmp snooping mrouter

Displays the IGMP snooping entries.

show ip igmp snooping gda-table

Displays the profile.

show ip igmp profile [ profile-number ]

Displays the IGMP snooping configurations on an show ip igmp snooping interface interface-name
interface.
Displays the IGMP querier.

show ip igmp snooping querier [ detail ]

Displays user information.

show ip igmp snooping user-info

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs all IGMP Snooping functions.

debug igmp-snp

Debugs the IGMP snooping events.

debug igmp-snp event
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Debugs the IGMP snooping packets.

debug igmp-snp packet

Debugs the communications between IGMP

debug igmp-snp msf

snooping and MSF.
Debugs the IGMP snooping alarms.

debug igmp-snp warning

23 Configuring MLD Snooping
23.1 Overview
Multicast Listener Discovery (MLD) Snooping is used to control and manage the forwarding behaviors of IPv6 multicast packets at
Layer 2.
The device running MLD Snooping analyzes MLD packets received by a port to create a mapping between the port and the MAC
multicast address and forwards IPv6 multicast data at Layer 2 based on the mapping. When MLD Snooping is disabled, IPv6 multicast
data packets are broadcasted at Layer 2. When MLD Snooping is enabled, multicast data packets of a known IPv6 multicast group are
forwarded to a specified receiver at Layer 2 instead of being broadcasted at Layer 2.
Protocols and Standards
RFC4541: Considerations for Internet Group Management Protocol (IGMP)and Multicast Listener Discovery (MLD) Snooping Switches
23.1.1 Two Types of MLD Snooping Ports

As shown in Figure 10- 1, the Layer-3 multicast device is connected to the multicast source. MLD Snooping is enabled on the access
device. Host A and Host B are receivers (that is, members of the IPv6 multicast group).
Figure 10- 1 Two Types of MLD Snooping Ports



Multicast router port: Indicates the port on the access device for connecting to the Layer-3 multicast device, for example, Port
Eth0/1 of the access device.



Member port: Is short for IPv6 multicast group member port, also called listener port, and indicates the port on the access
device for connecting to an IPv6 multicast group member, for example, Port Eth0/2 and Port Eth0/3 on the access device.
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23.1.2 Work Mode of MLD Snooping



DISABLE mode: MLD Snooping does not take effect in this mode. That is, the Layer-2 multicast device does not "snoop" MLD
packets between the host and the router, and multicast streams are broadcasted within VLANs.



Independent VLAN Group Learn (IVGL) mode: In this mode, multicast streams between VLANs are mutually independent. A host
can request only the multicast router port in the same VLAN as the host to receive multicast packets, and can forward the
received multicast data packets of any VLAN only to the member port and multicast router port in the same VLAN as the host.



Shared VLAN Group Learn (SVGL) mode: In this mode, hosts of VLANs share the same multicast stream. A host in one VLAN can
request multicast streams of another VLAN. When a shared VLAN is specified, only the multicast data streams of thisVLAN can
be forwarded to hosts of other VLANs. Multicast data streams of a shared VLAN, can be forwarded to the member ports of this
multicast address, even though some member ports do not belong to the shared VLAN. In SVGL mode, MLD profiles must be
used to allocate a batch of multicast address ranges to SVGL. Within the multicast address ranges, member ports in the
multicast forwarding entries support trans-VLAN packet forwarding. By default, all the group ranges are not within the SVGL
application ranges, and all the multicast packets are discarded.



IVGL-SVGL mode: In this mode, IVGL and SVGL coexist. You can use MLD profiles to allocate a batch of multicast address ranges
to SVGL. Within the multicast address ranges, member ports in the multicast forwarding entries support trans-VLAN packet
forwarding. Member ports in the multicast forward entries corresponding to other multicast address ranges must belong to the
same VLAN.

23.1.3 Working Principle of MLD Snooping

The device running MLD Snooping processes different MLD packets as follows:
MLD QUERY
TheLayer-3 multicastdeviceregularly sends an MLDGeneral Query packettoall hostsand routers (withtheaddress of FF02::1) inthe
local network segment, to query the IPv6 multicast group members in this network segment. When receiving the MLD General Query
packet, the device running MLD Snooping forwards the packet all ports in the VLAN except the one receiving the packet, and
processes the port receiving the packet as follows:



If the port is already in the router multicast port list, its aging timer is reset.



If the port is not contained in the router multicast port list, the port is added to the router multicast port list and its aging timer
is started.



Each time the Layer-2 multicast device receives an MLD General Query packet, it starts the aging timer for each member port,
and updates the timer time to the configured maximum response time of MLD query packet. When the aging timer time of a
port is reduced to 0, it is deemed that no member receives multicast streams through this port, and therefore, the Layer-2
multicast device deletes the port from the MLD Snooping forwarding table.



Each time the Layer 2 multicast device receives a MLD Group-Specific Query packet, it starts the aging timer for each member
port in the specific group, and updates the timer time to the configured maximum response time of MLD query packet. When
the aging timer time of a port is reduced to 0, it is deemed that no member receives multicast streams through this port, and
therefore, the Layer-2 multicast device deletes the port from the MLD Snooping forwarding table.



When the Layer-2 multicast device receives a MLD Group-Specific Query packet, it no longer updates the preceding two types
of timers.

MLD REPORT
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In either of the following cases, the host sends an MLD Membership Report packet to the MLD querier.



After receiving an MLD query (General Query or Group-Specific Query) packet, an IPv6 multicast group member host responds
with an MLD Membership Report packet.



If a host needs to join an IPv6 multicast group, it actively sends an MLD Membership Report packet to MLD querier to request to
join this IPv6 multicast group.

When receiving an MLD Membership Report packet, the device running MLD Snooping forwards it to all multicast router ports in the
VLAN, retrieves, from the packet, the address of the IPv6 multicast group that the host needs to join, and processes the port receiving
the packet asfollows:



If there is no forwarding entry corresponding to the IPv6 multicast group, the forwarding entry is created, the port is added to
the egress port list as a dynamic member port, and its aging timer is started.



If there is a forwarding entry corresponding to the IPv6 multicast group but the port is not contained in the egress port list, the
port is added to the egress port list as a dynamic member port, and its aging timer is started.



If there is a forwarding entry corresponding to the IPv6 multicast group and dynamic member port is contained in the egress
port list, its aging timer is reset.

MLD LEAVE
When a host leaves an IPv6 multicast group, it sends an MLD Leave packet (with the address of FF02::2) to notify the multicast router
that it has left the IPv6 multicast group. When receiving an MLD Leave packet from a member port, the device running MLD Snooping
directly forwards it to the multicast router port. If the fast leave function is enabled, the device directly deletes the port from the
forwarding port list of the relevant multicast group.
23.1.4 Source Port Check

The source port check function of MLD Snooping improves the network security.
This function strictly limits the ingress ports of MLD multicast streams. When this function is disabled, multicast streams from any port
are valid and the Layer-2 multicast device forwards them to registered member ports according to the forwarding list of MLD
Snooping. When this function is enabled, multicast streams only from the multicast router ports are valid and the Layer-2 multicast
device forwards them to registered ports. Multicast data streams from non-multicast router ports are invalid and discarded.

23.2 Applications
Application
MLD

Snooping

Description
SVGL Trans-VLAN

MLD Snooping works in SVGL mode

Multicast On demand
Source Port Filtering

Multicast streams only from multicast router ports are received.

23.2.1 MLD Snooping SVGL Trans-VLAN Multicast On demand

Scenario
As shown in Figure 10- 2, Host A of VLAN 3 and Host B of VLAN 4 order a video. The video streams are in VLAN 2.



Enable the SVGL mode on the access device and set a shared VLAN 2.

Figure 10- 2
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Remarks

VLAN 2 is a shared VLAN.
VLAN 3 and VLAN 4 are the VLANs through which the video on-demand service is output.

Deployment



Enable the Layer-3 multicast protocol on the Layer-3 multicast device.



Enable the SVGL mode on the Layer-2 device.

23.2.2 Source Port Filtering

Scenario
As shown in Figure 10- 3, when the source port check function is configured, video streams can be received only from the source
multicast router port. Multicast video streams from other ports are invalid and discarded. Note that when the source port check
function is configured, there shall be at least one multicast router port. Otherwise, packet filtering is not performed on the multicast
router port even though the source port filtering is enabled. When the source port check function is not configured, multicast video
streams from all ports are received by default.



Enable the IVGL mode on the access device.

Figure 10- 3
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Remarks

Port Eth0/1 is a multicast router port and Port Eth0/2 is a non-multicast router port.
Video servers send same multicast video streams.
Hosts A and B can receive multicast streams only from Video Server A.

Deployment



Enable the source port check function and configure a static multicast router port.



Enable the IVGL mode on the Layer-2 device.

23.3 Features
Basic Concepts



Multicast Router Port and Member Port

Multicast router ports are classified into dynamic multicast router ports and static multicast router ports. If MLD Snooping is enabled,
when the dynamic multicast router port learning function is enabled on a port, after receiving an MLD Query or PIMv6-Hello packet,
the port learns the dynamic multicast router port and starts the aging timer of the dynamic multicast router port. A static multicast
router port can be added by configuring the ipv6 mld snooping vlan mrouter command.
Member ports are classified into dynamic member ports and static member ports. If MLD Snooping is enabled, after receiving an MLD
Report packet, a port learns the dynamic member router port and starts the aging timer of the dynamic member port. A static
member port can be added by configuring the ipv6 mld snooping vlan static interface command.

 Fast Leave and Packet Suppression
When the fast leave function is enabled, a port is directly deleted after receiving an MLD Leave packet. The fast leave function is
applicable only to scenarios in which only one user is connected to a port, and helps save the bandwidth. When multiple users are
connected to a port, if the fast leave function is enabled, other users wanting to receive packets fail to receive any packets.
When the packet suppression function is enabled, only the first MLD Report packet is forwarded within one query period.
Overview
Feature
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Globally Enabling MLD Globally enables MLD Snooping and configures the work mode.
Snooping
VLAN-based

MLD

Enables or disables MLD Snooping for a single VLAN when MLD Snooping is globally enabled.

Snooping
Aging Time of Multicast Adjusts the aging time of dynamic multicast router ports. The default aging time is 300s.
Router Ports
Dynamic

Multicast

Router Port Learning

After receiving an MLD query packet or a PIMv6 Hello packet, the port is learnt as a dynamic multicast router
port.

Fast Leave of Multicast A member port can be quickly deleted, instead of being aged and deleted after the query interval of a
Group Member Ports

Group-Specific Query expires.

MLD Report

Only the first Report packet is processed within one query period, reducing the work load of the module.

Packet

Suppression
Source Port Check

Multicast streams received only from a multicast router port can be forwarded. Packets received from
non-multicast router ports cannot be forwarded.

Port-based
Multicast

Specific

Only multicast group packets that meet the filter conditions can be received.

Group

Filtering
Maximum Number of
Multicast

Limits the maximum number of multicast groups that a port can join.

Groups

Supported by a Port
23.3.1 Globally Enabling MLD Snooping

Globally enable MLD Snooping and configure the work mode. Multicast forwarding entries can be learnt and multicast streams are
forwarded to a specified port.
Working Principle
Enable MLD Snooping. When an MLD Report packet with the time to live (TTL) of 1 is received, a multicast forwarding entry is created
and the forwarding egress is this port.



Learning a Dynamic Member Port

After a valid MLD Report packet is received, a dynamic member port is learnt and a forwarding entry is generated. The forwarding
egress of this entry is the member port.



Coordinating Parameters

Configure the MLD Report packet suppression function.
Related Configuration
Configure the MLD Report packet suppression function so that only the first Report is processed within one query period, thereby
reducing the number of packets in the network.
23.3.2 VLAN-based MLD Snooping

Enable or disable MLD Snooping for a single VLAN. By default, if MLD Snooping is globally enabled, the MLD Snooping function of
each VLAN is enabled.
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Related Configuration
Globally configure MLD Snooping. Then configure MLD Snooping for a single VLAN.
23.3.3 Aging Time of Multicast Router Ports

Multicast router ports are classified into dynamic multicast router ports and static multicast router ports. By default, the aging time of
a dynamic multicast router port is 300s. Static multicast router ports are not aged.
Related Configuration
Ability of learning from dynamic multicast router port learning function
23.3.4 Dynamic Multicast Router Port Learning

By default, all ports support the dynamic multicast router port learning function.
Working Principle
When a port supports the dynamic multicast router port learning function, after receiving an MLD query packet or a PIMv6 Hello
packet, the port is learnt as a dynamic multicast router port.
Related Configuration
Configure a port as a static multicast router port.
23.3.5 Aging Time of Dynamic Member Ports

Member ports are classified into dynamic member ports and static member ports. By default, the aging time of a dynamic member
port is 260s. Static member ports are not aged.
23.3.6 Fast Leave of Multicast Group Member Ports

By default, the fast leave function of multicast group member ports are disabled. If the fast leave function is enabled, the port is
directly deleted after receiving a done packet.
23.3.7 MLD Report Packet Suppression

By default, the MLD report packet suppression function is disabled. If the function is enabled, only the first Report packet is processed
within one query interval, thereby reducing the number of packets in the network.
23.3.8 Source Port Check

The source port check function is disabled by default.
Working Principle
When the source port check function is enabled, packets only from multicast router ports are valid and packets from non-multicast
router ports areinvalid.
Related Configuration
Configure a port as a static multicast router port.
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23.3.9 Port-based Specific Multicast Group Filtering

Under certain circumstances, you may use the port filtering function to control a port to forward multicast packets only of a certain
range.
23.3.10 Maximum Number of Multicast Groups Supported by a Port

The maximum number of multicast groups that a port is allowed to join can control the maximum number of multicast groups
supported by the port.

23.4 Configuration
Configuration

Description and Command
ipv6 mld snooping
ipv6 mld snooping vlan vlan-id mrouter
interface interface-id

Configuring Basic Functions of
MLD Snooping

ipv6 mld snooping vlan vlan-id static ip-addr
interface interface-id

Enables MLD Snooping and specifies the work
mode.
Configures the static multicast router port.
Configures a static member port.

ipv6 mld profile profile-num

Configures a profile.

ipv6 mld snooping source-check port

Configures source port check.

ipv6 mld snooping filter profile-num

Configures multicast group filtering for a port.

ipv6 mld snooping max-groups num

Configures the maximum number of multicast
groups that a port can join.

23.4.1 Configuring Basic Functions ofMLD Snooping

Configuration Effect



Enable MLD Snooping and configure the work mode.

Notes



EnableMLDSnooping and settheworknodetoSVGL.The MLDSnooping SVGL modecannot coexistwithIPv4or IPv6Layer-3
multicasting.



WhentheworkmodeisSVGLorIVGL-SVGL,aprofilemustbeassociatedtospecifythemulticastgrouprangeinwhichtheSVGL
mode applies.

Configuration Steps



Enabling IPv6 MLD Snooping



Mandatory.

Verification
Run the show ipv6 mld snooping command to check whether MLD Snooping is enabled.



Check whether the device can create correct multicast forwarding entries.

Related Commands
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Enabling IPv6 MLD Snooping

Command

ipv6 mld snooping mode

Parameter

mode: Specifies the work mode.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Profile

Command

ipv6 mld profile profile-num

Parameter

profile-num: Indicates the profile number.

Description
Command

Global configuration mode

Mode
Usage Guide



Run this command to configure a profile and enter the profile configuration mode.

Configuring a Static Multicast Router Port

Command

ipv6 mld snooping vlan vlan-id mrouter interface interface-id

Parameter

vlan-id: Indicates the VLAN ID.

Description

interface-id: Indicates interface changes.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Static Member Port

Command

ipv6 mld snooping vlan vlan-id static ip-addr interface interface-id

Parameter

vlan-id: Indicates the VLAN ID.

Description

ip-addr: Indicates the group address.
interface-id: Indicates interface changes.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring Source Port Check

Command

ipv6 mld snooping source-check port

Parameter
Description
Command

Global configuration mode

Mode
Usage Guide



-

Configuring Port-based Multicast Group Filtering

Command
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Parameter

profile-num: Indicates the profile number.

Description
Command

Interface configuration port

Mode
Usage Guide



N/A

Configuring the Maximum Number of Multicast Groups Supported by a Port

Command

ipv6 mld snooping max-groups num

Parameter

num: Indicates the number of groups.

Description
Command

Interface configuration port

Mode
Usage Guide



N/A

Configuring Report Packet Suppression

Command

ipv6 mld snooping suppression enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

When the Report packet suppression function is enabled, only the first Report packet of a specificVLAN and group is
forwarded to a multicast router port within one query interval. The subsequent Report packets are forwarded to the
multicast router port, so as to reduce the number of packets in the network.
This function can only suppress the Report packets of MLDv1. It is invalid on the Report packets of MLDv2.



Configuring Port Fast Leave

Command

ipv6 mld snooping fast-leave enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

When the port fast leave function is enabled, after receiving a Leave packet, the port is directly deleted from the
member ports in the corresponding forwarding entries. Later, when receiving a relevant Group-Specific Query
packet, the device does not forward the packet to this port. The Leaver packet includes the Leave packet of MLDv1,
include type of MLDv2, and Report packet containing no source address.
This function is applicable only to scenarios in which only one user is connected to a port, and helps save bandwidth
and resources.



Configuring Dynamic Multicast Router Port Learning

Command

ipv6 mld snooping [ vlan vid ] mrouter learn

Parameter

vlan-id: Specifies a VLAN ID. This function is applicable to all VLANs by default.

Description
Command

Global configuration mode

Mode
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Usage Guide

A multicast router port is a port that directly connects an MLD Snooping-enabled multicast device to a neighbor
multicast device in which a multicast routing protocol is enabled. By default, when the dynamic multicast router port
learning function is enabled, the device automatically listens to the MLD Query/PIM Hello packet and dynamically
identifies a multicast router port.



Configuring Aging Time of Dynamic Multicast Router Ports

Command

ipv6 mld snooping dyn-mr-aging-time seconds

Parameter

seconds: Indicates the aging time of dynamic multicast router ports. The unit is second and the value ranges from 1

Description

to 3,600.

Command

Global configuration mode

Mode
Usage Guide

If a dynamic multicast router port does not receive an MLD General Query packet or a PIM Hello packet before the
timeout of its aging time, the device deletes the port from the multicast router port list.
When the dynamic multicast router learning function is enabled, you can use this command to adjust the aging time
of dynamic multicast router ports. If the aging time is too short, a multicast router port may be added and deleted
frequently.



Configuring Aging Time of Dynamic Member Ports

Command

ipv6 mld snooping host-aging-time seconds

Parameter

seconds: Indicates the aging time.

Description
Command

Global configuration mode

Mode
Usage Guide

The aging time of a dynamic member port refers to the aging time set when a dynamic member port of a device
receives from the host an MLD packet of joining a certain IPv6 multicast group.
After receiving an MLD Join packet from a dynamic member port, the device resets the aging timer of the dynamic
member port and sets the timer time to host-aging-time. If the timer times out, it is deemed that no user host
receives multicast packets through this port, and then the multicast device deletes the port from the MLD Snooping
member port list. After this command is configured, the aging timer value of dynamic member ports when MLD Join
packets are received subsequently is host-aging-time. The aging time takes effect immediately after configuration
and the timers of started member ports are updated.



Configuring Response Time of Query Packets

Command

ipv6 mld snooping query-max-response-time seconds

Parameter

seconds: Indicates the response time.

Description
Command

Global configuration mode

Mode
Usage Guide

After receiving an MLD General Query packet from a port, the multicast device resets the aging timers of all dynamic
member ports and sets the timer time to query-max-response-time. If the timer times out, it is deemed that no user
host receives multicast packets through the port, and then the multicast device deletes the port from the MLD
Snooping member portlist.
After receiving an MLD Group-Specific Query packet from a port, the multicast device resets the aging timers of all
dynamic member ports in the specific group and sets the timer time to query-max-response-time. If the timer times

www.fs.com

1671

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

out, it is deemed that no user host receives multicast packets through the port, and then the multicast device deletes
the port from the MLD Snooping member port list.
The configuration takes effect when the a query packet is received next time, and the configuration of currently
started timers are not updated. For Group-Specific Query packets of MLDv2, timers are not updated.



Checking Multicast Router Ports

Command

show ipv6 mld snooping mroute

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, interface configuration mode

Mode
Usage Guide

If a multicast router port is successfully configured, the mark "S" is shown in the interface information displayed. For
example:
FS(config)#show ipv6 mld snooping mrouter
Multicast Switching Mroute Port
D: DYNAMIC
S: STATIC
(*, *, 1):
VLAN(1) 1 MROUTES:
GigabitEthernet 0/1(S)



Checking Dynamic Multicast Router Port Learning

Command

show ipv6 mld snooping

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, interface configuration mode

Mode
Usage Guide

Run the show ip igmp snooping command to check the aging time and learning status of dynamic multicast router
ports.
Dynamic Mroute Aging Time : 300(Seconds)
Multicast router learning mode: Enable



Checking Member Ports

Command

show ipv6 mld snooping gda-table

Parameter

-

Description
Command

Privileged EXEC mode, global configuration mode, interface configuration mode

Mode
Usage Guide

If a member port is successfully configured, the mark "S" is shown in the interface information displayed. For
example:

www.fs.com

1672

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

FS(config)#show ipv6 mld snooping gda-table
Multicast Switching Cache Table
D: DYNAMIC
S: STATIC
M: MROUTE
(*, FF15::100, 1):
VLAN(1) 2 OPORTS:
GigabitEthernet 3/7(S)



Checking Other Parameters

Command

show ipv6 mld snooping

Parameter

-

Description
Command

Privileged EXEC mode, global configuration mode, interface configuration mode

Mode
Usage Guide

Run the show ipv6 mld snooping command to check the aging time of multicast router ports, aging time of
dynamicmemberports,response timeof querypacket, andReport packetsuppression,and fastleave parameters.
MLD-snooping mode: IVGL
Source port check: Disable
MLD Fast-Leave: Disable
MLD Report suppress: Disable
Query Max Response Time: 10 (Seconds)
Dynamic Mroute Aging Time: 300(Seconds)
Dynamic Host Aging Time: 260(Seconds)

23.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description
Clears

MLD

Command
Snooping

multicast

clear ipv6 mld snooping gda-table

forwarding entries.
Clears MLD Snooping statistics.

clear ipv6 mld snooping statistics

Displaying
Description

Command

Displays the current MLD Snooping

show ipv6 mld snooping

mode.
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Displays MLD Snooping forwarding

show ipv6 mld snooping gda-table

entries.
Displays MLD Snooping statistics.

show ipv6 mld snooping statistics

Displays MLD Snooping multicast router show ipv6 mld snooping mrouter
ports.
Displays

MLD

Snooping

interface

show ipv6 mld snooping interfaces interface-type interface-name

information, interface filtering profiles
and maximum number of groups that a
port can join.
Displays multicast information about a

show ipv6 mld snooping vlan vid

singleVLAN, on which MLD Snooping is
configured.
Displays an MLD Profile.

show ipv6 mld profile profile-number

Security Configuration
1.

Configuring AAA

2.

Configuring RADIUS

3.

Configuring TACACS+

4.

Configuring SCC

5.

Configuring Password Policy

6.

Configuring Storm Control

7.

Configuring SSH
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8.

Configuring URPF

9.

Configuring CPP

10.

Configuring DHCP Snooping

11.

Configuring NFPP

12.

Configuring Security-log

1 Configuring AAA
1.1 Overview
Authentication, authorization, and accounting (AAA) provides a unified framework for configuring the authentication, authorization,
and accounting services. FS Networks devices support the AAA application.
AAA provides the following services in a modular way:
Authentication: Refers to the verification of user identities for network access and network services. Authentication is classified into
local authentication and authentication through Remote Authentication Dial In User Service (RADIUS) and Terminal Access Controller
Access Control System+ (TACACS+).
Authorization: Refers to the granting of specific network services to users according to a series of defined attribute-value (AV) pairs.
The pairs describe what operations users are authorized to perform. AV pairs are stored on network access servers (NASs) or remote
authentication servers.
Accounting: Refers to the tracking of the resource consumption of users. When accounting is enabled, NASs collect statistics on the
network resource usage of users and send them in AV pairs to authentication servers. The records will be stored on authentication
servers, and can be read and analyzed by dedicated software to realize the accounting, statistics, and tracking of network resource
usage.
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AAAisthemostfundamentalmethodofaccesscontrol.FSNetworksalsoprovidesothersimpleaccesscontrolfunctions,suchaslocal
username authentication and online password authentication. Compared to them, AAA offers higher level of network security.
AAA has the following advantages:



Robust flexibility andcontrollability



Scalability



Standards-compliant authentication



Multiple standby systems

1.2 Applications
Application

Description

Configuring AAA in a Single-Domain

AAA is performed for all the users in one domain.

Environment
Configuring AAA in a Multi-Domain

AAA is performed for the users in different domains by using different methods.

Environment
1.2.1 Configuring AAA in a Single-Domain Environment

Scenario
In the network scenario shown in Figure 1- 1, the following application requirements must be satisfied to improve the security
management on the NAS:
53.

Tofacilitate account management and avoid information disclosure, each administrator has an individual account with different
username and password.

54.

Users must pass identity authentication before accessing the NAS. The authentication can be in local or centralized mode. It is
recommended to combine the two modes, with centralized mode as active and local mode as standby. As a result, users must
undergo authentication by the RADIUS server first. If the RADIUS server does not respond, it turns to local authentication.

55.

During the authentication process, users can be classified and limited to access different NASs.

56.

Permission management: Users managed are classified into Super User and Common User. Super users have the rights to view
and configure the NAS, and common users are only able to view NAS configuration.

57.

The AAA records of users are stored on servers and can be viewed and referenced for auditing. (The TACACS+ server in this
example performs theaccounting.)

Figure 1- 1
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Remarks

User A, User B, and User C are connected to the NAS in wired or wireless way.
The NAS is an access or conveFSence switch.
The RADIUS server can be the Windows 2000/2003 Server (IAS), UNIX system component, and dedicated server software
provided by a vendor.
The TACACS+ server can be the dedicated server software provided by a vendor.

Deployment



Enable AAA on the NAS.



Configure an authentication server on the NAS.



Configure local users on the NAS.



Configure the authentication service on the NAS.



Configure the authorization service on the NAS.



Configure the accounting service on the NAS.

1.2.2 Configuring AAA in a Multi-Domain Environment

Scenario
Configure the domain-based AAA service on the NAS.



A user can log in by entering the username PC1@FS.net or PC2@FS.com.cn and correct password on an 802.1X client.



Permission management: Users managed are classified into Super User and Common User. Super users have the rights to view
and configure the NAS, and common users are only able to view NAS configuration.



The AAA records of users are stored on servers and can be viewed and referenced for auditing.

Figure 1- 2

Remarks
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The Security Accounts Manager (SAM) server is a universal RADIUS server provided by FS Networks.
Deployment



Enable AAA on the NAS.



Configure an authentication server on the NAS.



Configure local users on the NAS.



DefineanAAA method listontheNAS.



Enable domain-based AAA on the NAS.



Create domains and AV sets on the NAS.

1.3 Features
Basic Concepts



Local Authentication and Remote Server Authentication

Local authentication is the process where the entered passwords are verified by the database on the NAS.
Remoteserverauthenticationistheprocesswheretheentered passwordsarecheckedbythedatabaseonaremoteserver.Itismainly
implemented by the RADIUS server and TACACS+ server.

 Method List
AAA is implemented using different security methods. A method list defines a method implementation sequence. The method list can
contain one or more security protocols so that a standby method can take over the AAA service when the first method fails. On FS
devices, the first method in the list is tried in the beginning and then the next is tried one by one if the previous gives no response.
This method selection process continues until a security method responds or all the security methods in the list are tried out.
Authentication fails if no method in the list responds.
A method list contains a series of security methods that will be queried in sequence to verify user identities. It allows you to define
one or more security protocols used for authentication, so that the standby authentication method takes over services when the
active security method fails. On FS devices, the first method in the list is tried in the beginning and then the next is tried one by one if
the previous gives no response. This method selection process continues until a method responds or all the methods in the method
list are tried out. Authentication fails if no method in the list responds.
The next authentication method proceeds on FS devices only when the current method does not respond. When a method
denies user access, the authentication process ends without trying other methods.
Figure 1- 3
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Figure 1- 3 shows a typical AAA network topology, where two RADIUS servers (R1 and R2) and one NAS are deployed. The NAS can be
the client for the RADIUS servers.
Assume that the system administrator defines a method list, where the NAS selects R1 and R2 in sequence to obtain user identity
information and then accesses the local username database on the server. For example, when a remote PC user initiates dial-up access,
theNAS first queries the user's identity on R1. When the authentication on R1 is completed, R1 returns an Accept response to the NAS.
Then the user ispermitted toaccessthe Internet. If R1 returns a Reject response, the user isdenied Internet accessand the connection
is terminated. If R1 does not respond, the NAS considers that the R1 method times out and continues to query the user's identity on
R2. This process continues as the NAS keeps trying the remaining authentication methods, until the user request is authenticated,
rejected, or terminated. If all the authentication methods are responded with Timeout, authentication fails and the connection will be
terminated.
The Reject response is different from the Timeout response. The Reject response indicates that the user does not meet the
criteria of the available authentication database and therefore fails in authentication, and the Internet access request is denied.
The Timeout response indicates that the authentication server fails to respond to the identity query. When detecting a timeout
event, the AAA service proceeds to the next method in the list to continue the authentication process.
This document describes how to configure AAA on the RADIUS server. For details about the configuration on the TACACS+
server, see the Configuring TACACS+.

 AAA Server Group
Youcan define an AAA server group to include one or more servers of the same type. If the server group is referenced by a method list,
the NAS preferentially sends requests to the servers in the referenced server group when the method list is used to implement AAA.

 VRF-Enabled AAA Group
Virtual private networks (VPNs) enable users to share bandwidths securely on the backbone networks of Internet service providers
(ISPs).AVPN is a site set consisting of shared routes. An STAsite connects tothe network of an ISPthrough one or multipleinterfaces.
AAA supports assigning a VPN routing forwarding (VRF) table to each user-defined server group.
When AAA is implemented by the server ina group assigned with aVRF table, the NAS sends request packets to the remote servers in
theserver group. The source IPaddress of request packets is an address selected fromtheVRF table according tothe IP addresses of
the remote servers.
If you run the ip radius/tacacs+ source-interface command to specify the source interface for the request packets, the IP address
obtained from the source interface takes precedence over the source IP address selected from the VRF table.
Overview
Feature

Description

AAA Authentication

Verifies whether users can access the Internet.

AAA Authorization

Determines what services or permissions users can enjoy.

AAA Accounting

Records the network resource usage of users.

Multi-Domain AAA

Creates domain-specific AAA schemes for 802.1X stations (STAs) in different domains.

Login Switch for the AAA Slave Provides a login switch to control login of the AAA slave device.
Device
Authorization Result Caching
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1.3.1 AAA Authentication

Authentication, authorization, and accounting are three independent services. The authentication service verifies whether users can
access the Internet. During authentication, the username, password, and other user information are exchanged between devices to
complete users' access or service requests. You can use only the authentication service of AAA.
To configure AAA authentication, you need to first configure an authentication method list. Applications perform
authentication according to the method list. The method list defines the types of authentication and the sequence in which
they are performed. Authentication methods are implemented by specified applications. The only exception is the default
method list. All applications use the default method list if no method list is configured.



AAA Authentication Scheme



No authentication (none)

The identity of trusted users is not checked. Normally, the no-authentication (None) method is not used.



Local authentication (local)

Authentication is performed on the NAS, which is configured with user information (including usernames, passwords, and AV pairs).
Before local authentication is enabled, run the username password/secret command to create a local user database.



Remote server group authentication (group)

Authentication is performed jointly by the NAS and a remote server group through RADIUS or TACACS+. A server group consists of
one or more servers of the same type. User information is managed centrally on a remote server, thus realizing multi-device
centralized and unified authentication with high capacity and reliability. You can configure local authentication as standby to avoid
authentication failures when all the servers in the server group fail.



AAA Authentication Types

FS products support the following authentication types:



Login authentication

Users log in to the command line interface (CLI) of the NAS for authentication through Secure Shell (SSH), Telnet, and File Transfer
Protocol (FTP).



Enable authentication

After users log in to the CLI of the NAS, the users must be authenticated before CLI permission update. This process is called Enable
authentication (in Privileged EXEC mode).
Related Configuration



Enabling AAA

By default, AAA is disabled.
To enable AAA, run the aaa new-model command.



Configuring an AAA Authentication Scheme

By default, no AAA authentication scheme is configured.
Before you configure an AAA authentication scheme, determine whether to use local authentication or remote server authentication.
If the latter is to be implemented, configure a RADIUS or TACACS+server in advance. If local authentication is selected, configure the
local user database information on the NAS.

www.fs.com

1680

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring an AAA Authentication Method List

By default, no AAA authentication method list is configured.
Determine the access mode to be configured in advance. Then configure authentication methods according to the access mode.
1.3.2 AAA Authorization

AAA authorization allows administrators to control the services or permissions of users. After AAA authorization is enabled, the NAS
configures the sessions of users according to the user configuration files stored on the NAS or servers. After authorization, users can
use only the services or have only the permissions permitted by the configuration files.



AAA Authorization Scheme



Direct authorization (none)

Direct authorization is intended for highly trusted users, who are assigned with the default permissions specified by the NAS.



Local authorization (local)

Local authorization is performed on the NAS, which authorizes users according to the AV pairs configured for local users.



Remote server-group authorization (group)

Authorization is performed jointly by the NAS and a remote server group. Youcan configure local or direct authorization as standby to
avoid authorization failures when all the servers in the server group fail.



AAA Authorization Types



EXEC authorization

After users log in to the CLI of the NAS, the users are assigned with permission levels (0 to 15).



Config-commands authorization

Users are assigned with the permissions to run specific commands in configuration modes (including the global configuration mode
and sub-modes).



Console authorization

After users log in through consoles, the users are authorized to run commands.



Command authorization

Authorize users with commands after login to the CLI of the NAS.



Network authorization

After users access the Internet, the users are authorized to use the specific session services. For example, after users access the
Internetthrough PPP and Serial Line Internet Protocol (SLIP),theusersareauthorizedtouse thedataservice, bandwidth, and timeout
service.
Related Configuration



Enabling AAA

By default, AAA is disabled.
To enable AAA, run the aaa new-model command.



Configuring an AAA Authorization Scheme

www.fs.com

1681

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

By default, no AAA authorization scheme is configured.
Before you configure an AAA authorization scheme, determine whether to use local authorization or remote server-group
authorization. If remote server-group authorization needs to be implemented, configure a RADIUS or TACACS+server in advance. If
local authorization needs to be implemented, configure the local user database information on the NAS.



Configuring an AAA Authorization Method List

By default, no AAA authorization method list is configured.
Determine the access mode to be configured in advance. Then configure authorization methods according to the access mode.
1.3.3 AAA Accounting

In AAA, accounting is an independent process of the same level as authentication and authorization. During the accounting process,
start-accounting, update-accounting, and end-accounting requests are sent to the configured accounting server, which records the
network resource usage of users and performs accounting, audit, and tracking of users' activities.
In AAA configuration, accounting scheme configuration is optional.



AAA AccountingSchemes



No accounting (none)

Accountingisnot performedon users.



Local accounting (local)

Accounting is completed on the NAS, which collects statistics on and limits the number of local user connections. Billing is not
performed.



Remote server-group accounting (group)

Accounting is performed jointly by the NAS and a remote server group. You can configure local accounting as standby to avoid
accounting failures when all the servers in the server group fail.



AAA AccountingTypes



EXEC accounting

Accounting is performed when users log in to and out of the CLI of the NAS.



Command accounting

Records are kept on the commands that users run on the CLI of the NAS.



Network accounting

Records are kept on the sessions that users set up to access the Internet.
Related Configuration



Enabling AAA

By default, AAA is disabled.
To enable AAA, run the aaa new-model command.



Configuring an AAA Accounting Scheme
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By default, no AAA accounting method is configured.
Before you configure an AAA accounting scheme, determine whether to use local accounting or remote server-group accounting. If
remote server-group accounting needs to be implemented, configure a RADIUS or TACACS+ server in advance. If local accounting
needs to be implemented, configure the local user database information on the NAS.

 Configuring an AAA Accounting Method List
By default, no AAA accounting method list is configured.
Determine the access mode to be configured in advance. Then configure accounting methods according to the access mode.
1.3.4 Multi-Domain AAA

Ina multi-domain environment, theNAS canprovide theAAA services tousersindifferent domains.The user AVs(suchas usernames
and passwords, service types, and permissions) may vary with different domains. It is necessary to configure domains to differentiate
the user AVs in different domains and configure an AV set (including an AAA service method list, for example, RADIUS) for each
domain.
Our products support the following username formats:
1.

userid@domain-name

2.

domain-name\userid

3.

userid.domain-name

4.

userid

The fourth format (userid) does not contain a domain name, and it is considered to use the default domain name.
The NAS provides the domain-based AAA service based on the following principles:



Resolves the domain name carried by a user.



Searches for the user domain according to the domain name.



Searches for the corresponding AAA method list name according to the domain configuration information on the NAS.



Searches for the corresponding method list according to the method list name.



Provides the AAA services based on the method list.
Ifanyoftheprecedingproceduresfails,theAAAservicescannot beprovided.

Figure 1- 4 shows the typical multi-domain topology.
Figure 1- 4

Related Configuration

 Enabling AAA
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By default, AAA is disabled.
To enable AAA, run the aaa new-model command.



Configuring an AAA Method List

By default, no AAA method list is configured.
For details, see section 5.2.1, section 5.2.2, and section 5.2.3.



Enabling the Domain-Based AAA Service

By default, the domain-based AAA service is disabled.
To enable the domain-based AAA service, run the aaa domain enable command.



Creating a Domain

By default, no domain is configured.
To configure a domain, run the aaa domain domain-name command.



Configuring an AV Set for a Domain

By default, no domain AV set is configured.
A domain AV set contains the following elements: AAA method lists, the maximum number of online users, whether to remove the
domain name from the username, and whether the domain name takes effect.



Displaying Domain Configuration

To display domain configuration, run the show aaa domain command.
The system supports a maximum of 32 domains.
1.3.5 Login Switch for the AAA Slave Device

A login switch is provided to control login of the AAA slave device. By default, the switch is off, so the slave device is not allowed to
login. When the switch is turned on, the slave device can login.
Related Configuration



Enabling AAA

By default, AAA is disabled.
To enable AAA, run the aaa new-model command.



Configuring a Login Switch for the AAA Slave Device

By default, the slave device is not allowed to login.
Run the aaa slave-login allow command to permit login of the slave device.
1.3.6 Authorization Result Caching

The AAA module caches authorization results returned from the server. Therefore, later authorizations at the same level can be
operated based on the cached resources.
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Related Configuration



Configuring Authorization Result Caching

By default, authorization results are not cached.
To enable authorization result caching, run the aaa command-author cache command.

1.4 Configuration
Configuration

Description and Command
Mandatory if user identities need to be verified.

Configuring AAA Authentication

aaa new-model

Enables AAA.

aaa authentication login

Defines a method list of login authentication.

aaa authentication enable

Defines a method list of Enable authentication.

aaa authentication ppp

Defines a method list of PPP authentication.

aaa authentication sslvpn
login authentication

Defines a method list of SSL VPN authentication.
Applies login authentication to a specific
terminated line.

dot1x authentication

Indicates 802.1x authentication.

aaa local authentication attempts

Sets the maximum number of login attempts.

aaa local authentication lockout-time

Sets the lockout time for a login user.

Mandatory if different permissions and services need to be assigned to users.

Configuring AAA Authorization

aaa new-model

Enables AAA.

aaa authorization exec

Defines a method list of EXEC authorization.

aaa authorization commands

Definesamethodlistofcommandauthorization.

aaa authorization network

Configures

a

method

list

of

network

authorization.
authorization exec

Applies EXEC authorization methods to a
specified VTY line.

authorization commands

Applies command authorization methods to a
specified VTY line.

Mandatory if accounting, statistics, and tracking need to be performed on the network resource
usage of users.

Configuring AAA Accounting

aaa new-model

Enables AAA.

aaa accounting exec

Defines a method list of EXEC accounting.

aaa accounting commands

Defines a method list of command accounting.

aaa accounting network

Defines a method list of network accounting.

accounting exec

Applies EXEC accounting methods to a specified
VTY line.

accounting commands

Applies command accounting methods to a
specified VTY line.

aaa accounting update
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Configuration

Description and Command
aaa accounting update periodic

Configures the accounting update interval.

Recommended if a server group needs to be configured to handle AAA through different servers in
the group.
Configuring an AAA Server
Group

aaa group server

Creates a user-defined AAA server group.

server

Adds an AAA server group member.

ip vrf forwarding

Configures the VRF attribute of an AAA server
group.

Mandatory if AAA management of 802.1X access STAs needs to be performed according to
domains.
aaa new-model

Enables AAA.

aaa domain enable

Enables the domain-based AAA service.

aaa domain

Creates a domain and enters domain configuration
mode.

Configuring the Domain-Based
AAA Service

accounting network

Associates the domain with a network accounting
method list.

authorization network

Associates

the

domain

with

a

network

authorization method list.
state

Configures the domain status.

username-format

Configures whether to contain the domain name
in usernames.

Configuring a Login Switch for
the AAA Slave Device

Mandatory if a login switch needs to be configured for the AAA slave device.
aaa slave-login allow

Allows login of the slave device.

Mandatory if later authorizations at the same level need to be operated based on the former

Configuring Authorization Result

results.

Caching

aaa command-author cache

Caches authorization results.

1.4.1 Configuring AAAAuthentication

Configuration Effect
Verify whether users are able to obtain access permission.
Notes



If an authentication scheme contains multiple authentication methods, these methods are executed according to the
configured sequence.



The next authentication method is executed only when the current method does not respond. If the current method fails, the
next method will be not tried.



When the none method is used, users can get access even when no authentication method gets response. Therefore, the none
method is used only as standby.
Normally, do not use None authentication. You can use the none method as the last optional authentication method in special
cases. For example, all the users who may request access are trusted users and the users' work must not be delayed by system
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faults.Then you can usethe none method to assign accesspermissions to these userswhen the authentication server does not
respond. It is recommended that the local authentication method be added before the none method.



If AAA authentication is enabled but no authentication method is configured and the default authentication method does not
exist, users can directly log in to the Console without being authenticated. If users log in by other means, the users must pass
local authentication.



When a user enters the CLI after passing login authentication (the none method is not used), the username is recorded. When
the user performs Enable authentication, the user is not prompted to enter the username again, because the username that the
user entered during login authentication is automatically filled in. However, the user must enter the password previously used
for login authentication.



The username is not recorded if the user does not perform login authentication when entering the CLI or the none method is
used during login authentication. Then, a user is required to enter the username each time when performing Enable
authentication.

Configuration Steps



Enabling AAA



Mandatory.



Run the aaa new-model command to enable AAA.



By default, AAA is disabled.



Defining a Method List of Login Authentication



Run the aaa authentication login command to configure a method list of login authentication.



This configuration is mandatory if you need to configure a login authentication method list (including the configuration of the
default method list).



By default, no method list of login authentication is configured.



Defining a Method List of Enable Authentication



Run the aaa authentication enable command to configure a method list of Enable authentication.



This configuration is mandatory if you need to configure an Enable authentication method list. (You can configure only the
default method list.)



By default, no method list of Enable authentication is configured.



Defining a Method List of PPP Authentication



Run the aaa authentication ppp command to configure a method list of PPP authentication.



This configuration is mandatory if you need to configure an authentication method list for PPP dial-up access.



By default, no method list of PPP authentication is configured.



Defining a Method List of SSL VPN Authentication



Run the aaa authentication sslvpn command to configure a method list of SSL VPN authentication.



This configuration is mandatory if you need to configure an SSL VPN authentication method list (including the configuration of
the default method list).
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By default, no method list of SSL VPN authentication is configured.



Applying Login Authentication to a Specific Terminated Line



In the Line mode, run the login authentication command to apply login authentication to a specific terminated line.



This configuration is mandatory, if you need to apply login authentication to a specific terminated line.



By default, the default method list is applied to all terminated lines.



Setting the Maximum Number of Login Attempts



Optional.



By default, a user is allowed to enter passwords up to three times during login.



Setting the Maximum Lockout Time After a Login Failure



Optional.



By default, a user is locked for 15 minutes after entering wrong passwords three times.

Verification



Run the show aaa method-list command to display the configured method lists.



Run the show aaa lockout command to display the settings of the maximum number of login attempts and the maximum
lockout time after a login failure.



Run the show running-config command to display the authentication method lists associated with login authentication
authentication.

Related Commands



Enabling AAA

Command

aaa new-model

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Toenable the AAA services, run thiscommand. None of the rest of AAA commands can be effective if AAA isnot enabled.

Defining a Method List of Login Authentication

Command

aaa authentication login { default | list-name } method1 [ method2...]

Parameter

default:With thisparameter used, the configured method list willbe defaulted.

Description

list-name:Indicatesthenameofaloginauthenticationmethodlistincharacters.
method: Indicates authentication methods from local, none, and group. A method list contains up to four methods.
local: Indicates that the local user database is used for authentication.
none: Indicates that authentication is not performed.
group: Indicates that a server group is used for authentication. Currently, the RADIUS and TACACS+ server groups are
supported.

Command

Global configuration mode

Mode
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Usage Guide

If the AAA login authentication service is enabled on the NAS, users must perform login authentication negotiation
through AAA. Run the aaa authentication login command to configure the default or optional method lists for login
authentication.
In a method list, the next method is executed only when the current method does not receive response.
After you configure login authentication methods, apply the methods to the VTY lines that require login authentication;
otherwise, the methods will not take effect.



Defining a Method List of Enable Authentication

Command

aaa authentication enable default method1 [ method2...]

Parameter

default: With this parameter used, the configured method list will be defaulted.

Description

list-name: Indicates the name of an Enable authentication method list in characters.
method: Indicates authentication methods from enable, local, none, and group. A method list contains up to four
methods.
enable: Indicates that the password that is configured using the enable command is used for authentication.
local: Indicates that the local user database is used for authentication.
none: Indicates that authentication is not performed.
group: Indicates that a server group is used for authentication. Currently, the RADIUS and TACACS+ server groups are
supported.

Command

Global configuration mode

Mode
Usage Guide

If the AAA login authentication service is enabled on the NAS, users must perform Enable authentication negotiation
through AAA. Run the aaa authentication enable command to configure the default or optional method lists for Enable
authentication.
In a method list, the next method is executed only when the current method does not receive response.



Defining a Method List of PPP or SSL VPN Authentication

Command

aaa authentication { ppp | sslvpn } { default | list-name } method1 [ method2...]

Parameter

ppp: Configures a method list of PPP authentication.

Description

sslvpn: Configures a method list of SSL VPN authentication.
default: With this parameter used, the configured method list will be defaulted.
list-name: Indicates the name of an PPP authentication method list in characters.
method: Indicates authentication methods from local, none, group, and subs. A method list contains up to four
methods.
local: Indicates that the local user database is used for authentication.
none: Indicates that authentication is not performed.
group: Indicates that a server group is used for authentication. Currently, the RADIUS and the TACACS+server group is
supported.
subs: Specifies the SUBS authentication method using the SUBS database.

Command

Global configuration mode

Mode
Usage Guide

IftheAAAPPP authenticationserviceisenabledon theNAS, usersmustperformPPPauthenticationnegotiationthrough
AAA. Run the aaa authentication ppp command to configure the default or optional method lists for PPP
authentication.
In a method list, the next method is executed only when the current method does not receive response.
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Setting the Maximum Number of Login Attempts

Command

aaa local authentication attempts max-attempts

Parameter

max-attempts: Indicates the maximum number of login attempts. The value ranges from 0 to 2,147,483,647.

Description
Command

Global configuration mode

Mode
Usage Guide



Use this command to set the maximum number of times a user can attempt to login. 0 indicates no limit.

Setting the Maximum Lockout Time After a Login Failure

Command

aaa local authentication lockout-time lockout-time

Parameter

lockout-time: Indicates the time during which a user is locked after entering wrong passwords up to the specified times.

Description

The value ranges from 1 to 2,147,483,647, in the unit of minutes.

Command

Global configuration mode

Mode
Usage Guide

Use this command to set the maximum time during which a user is locked after entering wrong passwords up to the
specified times.

Configuration Example



Configuring AAA Login Authentication

Configure a login authentication method list on the NAS containing group radius and local methods in order.
Scenario
Figure 1- 5

Configuration

Step 1: Enable AAA.

Steps

Step 2: Configure a RADIUS or TACACS+ server in advance if group-server authentication needs to be implemented.
Configure the local user database information on the NAS if local authentication needs to be implemented. (This
example requires the configuration of a RADIUS server and local database information.)
Step3: Configure an AAA authentication method list for login authentication users. (This example uses group radius and
local in order.)
Step 4: Apply the configured method list to an interface or line. Skip this step if the default authentication method is
used.

NAS

FS#configure terminal
FS(config)#username user password pass
FS(config)#aaa new-model
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server key FS
FS(config)#aaa authentication login list1 group radius local
FS(config)#line vty 0 20
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FS(config-line)#login authentication list1
FS(config-line)#exit

Verification

Run the show aaa method-list command on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication login list1 group radius local

Accounting method-list:

Authorization method-list:
Assume that a user remotely logs in to the NAS through Telnet. The user is prompted to enter the username and
password on the CLI.
The user must enter the correct username and password to access the NAS.
User

User Access Verification

Username:user
Password:pass



Configuring AAA Enable Authentication

Configure an Enable authentication method list on the NAS containing group radius, local, and then enable methods in order.
Scenario
Figure 1- 6

Configuration

Step 1: Enable AAA.

Steps

Step 2: Configure a RADIUS or TACACS+ server in advance if group-server authentication needs to be implemented.
Configure the local user database information on the NAS if local authentication needs to be implemented. Configure
Enable authentication passwords on the NAS if you use Enable password authentication.
Step 3: Configure an AAA authentication method list for Enable authentication users.
You can define only one Enable authentication method list globally. You do not need to define the list name but
just default it. After that, it will be applied automatically.

NAS

FS#configure terminal
FS(config)#username user privilege 15 password pass
FS(config)#enable secret w
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FS(config)#aaa new-model
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server key FS
FS(config)#aaa authentication enable default group radius local enable

Verification

Run the show aaa method-list command on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication enable default group radius local enable

Accounting method-list:

Authorization method-list:

The CLI displays an authentication prompt when the user level is updated to level 15. The user must enter the correct
username and password to access the NAS.
NAS

FS>enable
Username:user
Password:pass
FS#

Common Errors



No RADIUS server or TACACS+ server is configured.



Usernames and passwords are not configured in the local database.

1.4.2 Configuring AAA Authorization

Configuration Effect



Determine what services or permissions authenticated users can enjoy.

Notes



EXEC authorization is often used with login authentication, which can be implemented on the same line. Authorization and
authentication can be performed using different methods and servers.Therefore, the results of the same user may be different.
If a user passes login authentication but fails in EXEC authorization, the user cannot enter the CLI.



The authorization methods in an authorization scheme are executed in accordance with the method configuration sequence.
The next authorization method is executed only when the current method does not receive response. If authorization fails using
a method, the next method will be not tried.
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Command authorization is supported only by TACACS+.



Console authorization: The FSOS can differentiate between the users who log in through the Console and the users who log in
through other types of clients. You can enable or disable command authorization for the users who log in through the Console.
If command authorization is disabled for these users, the command authorization method list applied to the Console line no
longer takes effect.

Configuration Steps



Enabling AAA



Mandatory.



Run the aaa new-model command to enable AAA.



By default, AAA is disabled.



Defining a Method List of EXEC Authorization



Run the aaa authorization exec command to configure a method list of EXEC authorization.



This configuration is mandatory if you need to configure an EXEC authorization method list (including the configuration of the
default method list).



By default, no EXEC authorization method list is configured.
The default access permission level of EXEC users is the lowest. (Console users can connect to the NAS through the Console port
or Telnet. Each connection is counted as an EXEC user, for example, a Telnet user and SSH user.)



Defining a Method List of Command Authorization



Run the aaa authorization commands command to configure a method list of command authorization.



This configuration is mandatory if you need to configure a command authorization method list (including the configuration of
the default method list).



By default, no command authorization method list is configured.



Configuring a Method List of Network Authorization



Run the aaa authorization network command to configure a method list of network authorization.



This configuration is mandatory if you need to configure a network authorization method list (including the configuration of the
default method list).



By default, no authorization method is configured.



Applying EXEC Authorization Methods to a Specified VTY Line



Run the authorization exec command in line configuration mode to apply EXEC authorization methods to a specified VTY line.



This configuration is mandatory if you need to apply an EXEC authorization method list to a specified VTY line.



By default, all VTY lines are associated with the default authorization method list.



Applying Command Authorization Methods to a Specified VTY Line



Run the authorization commands command in line configuration mode to apply command authorization methods to a
specified VTY line.
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This configuration is mandatory if you need to apply a command authorization method list to a specified VTY line.



By default, all VTY lines are associated with the default authorization method list.



Enabling Authorization for Commands in Configuration Modes



Run the aaa authorization config-commands command to enable authorization for commands in configuration modes.



By default, authorization is disabled for commands in configuration modes.



Enabling Authorization for the Console to Run Commands



Run the aaa authorization console command to enable authorization for console users to run commands.



By default, authorization is disabled for the Console to run commands.

Verification
Run the show running-config command to verify the configuration.
Related Commands



Enabling AAA

Command

aaa new-model

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Toenable the AAA services, run thiscommand. None of the rest of AAA commands can be effective if AAA isnot enabled.

Defining a Method List of EXEC Authorization

Command

aaa authorization exec { default | list-name } method1 [ method2...]

Parameter

default: With this parameter used, the configured method list will be defaulted.

Description

list-name: Indicates the name of an EXEC authorization method list in characters.
method: Specifies authentication methods from local, none, and group. A method list contains up to four methods.
local: Indicates that the local user database is used for EXEC authorization.
none: Indicates that EXEC authorization is not performed.
group: Indicates that a server group is used for EXEC authorization. Currently, the RADIUS and TACACS+ server groups are
supported.

Command

Global configuration mode

Mode
Usage Guide

The FSOS supports authorization of the users who log in to the CLI of the NAS to assign the users CLI operation
permission levels (0 to 15). Currently, EXEC authorization is performed only on the users who have passed login
authentication. If a user fails in EXEC authorization, the user cannot enter the CLI.
After you configure EXEC authorization methods, apply the methods to the VTY lines that require EXEC authorization;
otherwise, the methods will not take effect.



Defining a Method List of Command Authorization

Command

aaa authorization commands level { default | list-name } method1 [ method2...]

Parameter

default: With this parameter used, the configured method list will be defaulted.
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Description

list-name: Indicates the name of a command authorization method list in characters.
method: Indicates authentication methods from none and group. A method list contains up to four methods.
none: Indicates that command authorization is not performed.
group: Indicates that a server group is used for command authorization. Currently, the TACACS+ server group is
supported.

Command

Global configuration mode

Mode
Usage Guide

TheFSOS supportsauthorization ofthe commands executableby users.Whena userenters acommand,AAA sends the
command to the authentication server. If the authentication server permits the execution, the command is executed. If
the authentication server forbids the execution, the command is not executed and a message is displayed showing that
the execution is rejected.
Whenyouconfigurecommand authorization, specifythecommand level,whichisusedas thedefaultlevel. (Forexample,
if a command above Level 14 is visible to users, the default level of the command is 14.)
After you configure command authorization methods, apply the methods to the VTY lines that require command
authorization; otherwise, the methods will not take effect.



Configuring a Method List of Network Authorization

Command

aaa authorization network { default | list-name } method1 [ method2...]

Parameter

default: With this parameter used, the configured method list will be defaulted.

Description

list-name: Indicates the name of a network authorization method list in characters.
method: Indicates authentication methods from none and group. A method list contains up to four methods.
none: Indicates that authentication is not performed.
group: Indicates that a server group is used for network authorization. Currently, the RADIUS and TACACS+ server groups
are supported.

Command

Global configuration mode

Mode
Usage Guide

The FSOS supports authorization of network-related service requests such as PPP and SLIP requests. After authorization is
configured, all authenticated users or interfaces are authorized automatically.
You can configure three different authorization methods. The next authorization method is executed only when the
current method does not receive response. If authorization fails using a method, the next method will be not tried.
RADIUSorTACACS+serversreturnaseriesof AVpairs toauthorizeauthenticated users.Network authorizationisbased
on authentication. Only authenticated users can perform network authorization.



Enabling Authorization for Commands in Configuration Modes (Including the Global Configuration Mode and
Sub-Modes)

Command

aaa authorization config-commands

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Ifyouneed toenable authorizationforcommands onlyinnon-configuration modes (forexample, privileged EXECmode),
disable authorization in configuration modes by using the no form of this command. Then users can run commands in
configuration mode and sub-modes without authorization.
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Enabling Authorization for the Console to Run Commands

Command

aaa authorization console

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

The FSOS can differentiate between the users who log in through the Console and the users who log in through other
types of clients. You can enable or disable command authorization for the users who log in through the Console. If
command authorization is disabled for these users, the command authorization method list applied to the Console line
no longer takes effect.

Configuration Example

 Configuring AAA EXEC Authorization
Configure login authentication and EXEC authorization for users on VTY lines 0 to 4. Login authentication is performed in local mode,
and EXEC authorization is performed on a RADIUS server. If the RADIUS server does not respond, users are redirected to the local
authorization.
Scenario
Figure 1- 7

Configuration

Step 1: Enable AAA.

Steps

Step 2: Configure a RADIUS or TACACS+ server in advance if remote server-group authorization needs to be
implemented. If local authorization needs tobe implemented, configure the localuser database information on the NAS.
Step 3: Configure an AAA authorization method list according to different access modes and service types.
Step 4: Apply the configured method list to an interface or line. Skip this step if the default authorization method is used.
EXEC authorization is often used with login authentication, which can be implemented on the same line.

NAS

FS#configure terminal
FS(config)#username user password pass
FS(config)#username user privilege 6
FS(config)#aaa new-model
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server key test
FS(config)#aaa authentication login list1 group local
FS(config)#aaa authorization exec list2 group radius local
FS(config)#line vty 0 4
FS(config-line)#login authentication list1
FS(config-line)# authorization exec list2
FS(config-line)#exit
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Verification

Run the show run and show aaa method-list commands on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication login list1 group local

Accounting method-list:

Authorization method-list:
aaa authorization exec list2 group radius local
FS# show running-config
aaa new-model
!
aaa authorization exec list2 group local
aaa authentication login list1 group radius local
!
username user password pass
username user privilege 6
!
radius-server host 10.1.1.1
radius-server key 7 093b100133
!
line con 0
line vty 0 4
authorization exec list2
login authentication list1
!
End

 Configuring AAA Command Authorization
Provide command authorization for login users according to the following default authorization method: Authorize level-15
commands first by using a TACACS+ server. If the TACACS+ server does not respond, local authorization is performed. Authorization is
applied to the users who log in through the Console and the users who log in through other types of clients.
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Scenario
Figure 1- 8

Configuration

Step 1: Enable AAA.

Steps

Step 2: Configure a RADIUS or TACACS+ server in advance if remote server-group authorization needs to be
implemented. If local authorization needs tobe implemented, configure the localuser database information on the NAS.
Step 3: Configure an AAA authorization method list according to different access modes and service types.
Step 4: Apply the configured method list to an interface or line. Skip this step if the default authorization method is used.

NAS

FS#configure terminal
FS(config)#username user1 password pass1
FS(config)#username user1 privilege 15
FS(config)#aaa new-model
FS(config)#tacacs-server host 192.168.217.10
FS(config)#tacacs-server key aaa
FS(config)#aaa authentication login default local
FS(config)#aaa authorization commands 15 default group tacacs+ local
FS(config)#aaa authorization console

Verification

Run the show run and show aaa method-list commands on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication login default local

Accounting method-list:

Authorization method-list:
aaa authorization commands 15 default group tacacs+ local
FS#show run
!
aaa new-model
!
aaa authorization console
aaa authorization commands 15 default group tacacs+ local
aaa authentication login default local

www.fs.com

1698

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

!
!
nfpp
!
vlan 1
!
username user1 password 0 pass1
username user1 privilege 15
no service password-encryption
!
tacacs-server host 192.168.217.10
tacacs-server key aaa
!
line con 0
line vty 0 4
!
!
end



Configuring AAA Network Authorization

Scenario
Figure 1- 9

Configuration

Step 1: Enable AAA.

Steps

Step 2: Configure a RADIUS or TACACS+ server in advance if remote server-group authorization needs to be
implemented. If local authorization needs tobe implemented, configure the localuser database information on the NAS.
Step 3: Configure an AAA authorization method list according to different access modes and service types.
Step 4: Apply the configured method list to an interface or line. Skip this step if the default authorization method is used.

NAS

FS#configure terminal
FS(config)#aaa new-model
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server key test
FS(config)#aaa authorization network default group radius none
FS(config)# end
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Verification

Run the show aaa method-list command on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:

Accounting method-list:

Authorization method-list:
aaa authorization network default group radius none
Common Errors
N/A
1.4.3 ConfiguringAAA Accounting

Configuration Effect



Record the network resource usage of users.



Record the user login and logout processes and the commands executed by users during device management.

Notes
About accounting methods:



If an accounting scheme contains multiple accounting methods, these methods are executed according to the method
configuration sequence. The next accounting method is executed only when the current method does not receive response. If
accounting fails using a method, the next method will be not tried.



After the default accounting method list is configured, it is applied to all VTY lines automatically. If a non-default accounting
method list is applied to a line, it will replace the default one. If you apply an undefined method list to a line, the system will
display a message indicating that accounting on this line is ineffective. Accounting will take effect only when a defined method
list is applied.

EXEC accounting:



EXEC accounting is performed only when login authentication on the NAS is completed. EXEC accounting is not performed if
login authentication is not configured or the none method is used for authentication. If Start accounting is not performed for a
user upon login, Stop accounting will not be performed when the user logs out.

Command accounting



Only the TACACS+ protocol supports command accounting.

Configuration Steps



Enabling AAA



Mandatory.



Run the aaa new-model command to enable AAA.
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By default, AAA is disabled.



Defining a Method List of EXEC Accounting



Run the aaa accounting exec command to configure a method list of EXEC accounting.



This configuration is mandatory if you need to configure an EXEC accounting method list (including the configuration of the
default method list).



The default access permission level of EXEC users is the lowest. (Console users can connect to the NAS through the Console port
or Telnet. Each connection is counted as an EXEC user, for example, a Telnet user and SSH user.)



By default, no EXEC accounting method list is configured.



Defining a Method List of Command Accounting



Run the aaa accounting commands command to configure a method list of command accounting.



This configuration is mandatory if you need to configure a command accounting method list (including the configuration of the
default method list).



By default, no command accounting method list is configured. Only the TACACS+ protocol supports command accounting.



Defining a Method List of Network Accounting



Run the aaa accounting network command to configure a method list of network accounting.



This configuration is mandatory if you need to configure a network accounting method list (including the configuration of the
default method list).



By default, no network accounting method list is configured.



Applying EXEC Accounting Methods to a Specified VTY Line



Run the accounting exec command in line configuration mode to apply EXEC accounting methods to a specified VTY line.



This configuration is mandatory if you need to apply an EXEC accounting method list to a specified VTY line.



You do not need to run this command if you apply the default method list.



By default, all VTY lines are associated with the default accounting method list.



Applying Command Accounting Methods to a Specified VTY Line



Run the accounting commands command in line configuration mode to apply command accounting methods to a specified
VTY line.



This configuration is mandatory if you need to apply a command accounting method list to a specified VTY line.



You do not need to run this command if you apply the default method list.



By default, all VTY lines are associated with the default accounting method list.



Enabling Accounting Update



Optional.



It is recommended that accounting update be configured for improved accounting accuracy.



By default, accounting update is disabled.
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Configuring the Accounting Update Interval



Optional.



It is recommended that the accounting update interval not be configured unless otherwise specified.

Verification
Run the show running-config command to verify the configuration.
Related Commands



Enabling AAA

Command

aaa new-model

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Toenable the AAA services, run thiscommand. None of the rest of AAA commands can be effective if AAA isnot enabled.

Defining a Method List of EXEC Accounting

Command

aaa accounting exec { default | list-name } start-stop method1 [ method2...]

Parameter

default: With this parameter used, the configured method list will be defaulted.

Description

list-name: Indicates the name of an EXEC accounting method list in characters.
method: Indicates authentication methods from none and group. A method list contains up to four methods.
none: Indicates that EXEC accounting is not performed.
group: Indicates that a server group is used for EXEC accounting. Currently, the RADIUS and TACACS+ server groups are
supported.

Command

Global configuration mode

Mode
Usage Guide

The FSOS enables EXEC accounting only when login authentication is completed. EXEC accounting is not performed if
login authentication is not performed or the none authentication method is used.
After accounting is enabled, when a user logs in to the CLI of the NAS, the NAS sends a start-accounting message to the
authentication server.When the user logs out, the NAS sends a stop-accounting message to the authentication server. If
the NAS does not send a start-accounting message when the user logs in, the NAS will not send a stop-accounting
message when the user logs out.
After you configure EXEC accounting methods, apply the methods to the VTY lines that require EXEC accounting;
otherwise, the methods will not take effect.



Defining a Method List of Command Accounting

Command

aaa accounting commands level { default | list-name } start-stop method1 [ method2...]

Parameter

level: Indicates the command level for which accounting will be performed. The value ranges from 0 to 15. After a

Description

command of the configured level is executed, the accounting server records related information based on the received
accounting packet.
default: With this parameter used, the configured method list will be defaulted.
list-name: Indicates the name of a command accounting method list in characters.
method: Indicates authentication methods from none and group. A method list contains up to four methods.
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none: Indicates that command accounting is not performed.
group:Indicatesthataservergroupisusedforcommandaccounting.Currently,theTACACS+servergroupissupported.
Command

Global configuration mode

Mode
Usage Guide

The FSOS enables command accounting only when login authentication is completed. Command accounting is not
performed if login authentication is not performed or the none authentication method is used. After accounting is
enabled, the NAS records information about the commands of the configured level that users run and sends the
information to the authentication server.
After you configure command accounting methods, apply the methods to the VTY lines that require command
accounting; otherwise, the methods will not take effect.



Defining a Method List of Network Accounting

Command

aaa accounting network { default | list-name } start-stop method1 [ method2...]

Parameter

default:Withthis parameter used, the configured method list will be defaulted.

Description

list-name: Indicates the name of a network accounting method list in characters.
start-stop: Indicates that a start-accounting message and a stop-accounting message are sent when a user accesses a
network and when the user disconnects from the network respectively. The start-accounting message indicates that the
user is allowed to access the network, regardless of whether accounting is successfully enabled.
method: Indicates authentication methods from none and group. A method list contains up to four methods.
none: Indicates that network accounting is not performed.
group: Indicates that a server group isused for network accounting. Currently, the RADIUS andTACACS+server groups
are supported.

Command

Global configuration mode

Mode
Usage Guide

The FSOS sends record attributes to the authentication server to perform accounting of user activities. The start-stop
keyword is used to configure user accounting options.



Enabling Accounting Update

Command

aaa accounting update

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Accounting update cannot be used if the AAA services are not enabled. After the AAA services are enabled, run this
command to enable accounting update.



Configuring the Accounting Update Interval

Command

aaa accounting update periodic interval

Parameter

Interval: Indicates the accounting update interval, in the unit of minutes. The shortest is 1 minute.

Description
Command

Global configuration mode

Mode
Usage Guide

Accounting update cannot be used if the AAA services are not enabled. After the AAA services are enabled, run this
command to configure the accounting update interval.
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Configuration Example



Configuring AAA EXEC Accounting

Configure login authentication and EXEC accounting for users on VTY lines 0 to 4. Login authentication is performed in local mode,
and EXEC accounting is performed on a RADIUS server.
Scenario
Figure 1- 10

Configuration

Step 1: Enable AAA.

Steps

If remote server-group accounting needs to be implemented, configure a RADIUS or TACACS+ server in advance.
Step 2: Configure an AAA accounting method list according to different access modes and service types.
Step 3: Apply the configured method list to an interface or line. Skip this step if the default accounting method is used.

NAS

FS#configure terminal
FS(config)#username user password pass
FS(config)#aaa new-model
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server key test
FS(config)#aaa authentication login list1 group local
FS(config)#aaa accounting exec list3 start-stop group radius
FS(config)#line vty 0 4
FS(config-line)#login authentication list1
FS(config-line)# accounting exec list3
FS(config-line)#exit

Verification

Run the show run and show aaa method-list commands on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication login list1 group local

Accounting method-list:
aaa accounting exec list3 start-stop group radius
Authorization method-list:
FS# show running-config
aaa new-model
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!
aaa accounting exec list3 start-stop group radius
aaa authentication login list1 group local
!
usernameuserpassword pass
!
radius-server host 10.1.1.1
radius-server key 7 093b100133
!
line con 0
line vty 0 4
accounting exec list3
login authentication list1
!
End



Configuring AAA Command Accounting

Configure command accounting for login users according to the default accounting method. Login authentication is performed in
local mode, and command accounting is performed on a TACACS+ server.
Scenario
Figure 1- 11

Configuration

Step 1: Enable AAA.

Steps

If remote server-group accounting needs to be implemented, configure a RADIUS or TACACS+ server in advance.
Step 2: Configure an AAA accounting method list according to different access modes and service types.
Step 3: Apply the configured method list to an interface or line. Skip this step if the default accounting method is used.

NAS

FS#configure terminal
FS(config)#username user1 password pass1
FS(config)#username user1 privilege 15
FS(config)#aaa new-model
FS(config)#tacacs-server host 192.168.217.10
FS(config)#tacacs-server key aaa
FS(config)#aaa authentication login default local
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FS(config)#aaa accounting commands 15 default start-stop group tacacs+

Verification

Run the show aaa method-list command on the NAS to display the configuration.

NAS

FS#show aaa method-list

Authentication method-list:
aaa authentication login default local

Accounting method-list:
aaa accounting commands 15 default start-stop group tacacs+
Authorization method-list:

FS#show run
!
aaa new-model
!
aaa authorization config-commands
aaa accounting commands 15 default start-stop group tacacs+
aaa authentication login default local
!
!
nfpp
!
vlan 1
!
username user1 password 0 pass1
username user1 privilege 15
no service password-encryption
!
tacacs-server host 192.168.217.10
tacacs-server key aaa
!
line con 0
line vty 0 4
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!
!
end
Common Errors
N/A
1.4.4 Configuring an AAA Server Group

Configuration Effect



Create a user-defined server group and add one or more servers to the group.



When you configure authentication, authorization, and accounting method lists, name the methods after the server group
name so that the servers in the group are used to handle authentication, authorization, and accounting requests.



Use self-defined server groups to separate authentication, authorization, and accounting.

Notes
In a user-defined server group, you can specify and apply only the servers in the default server group.
Configuration Steps



Creating a User-Defined AAA Server Group



Mandatory.



Assign a meaningful name to the user-defined server group. Do not use the predefined radius and tacacs+ keywords in
naming.



Adding an AAA Server Group Member



Mandatory.



Run the server command to add AAA server group members.



By default, a user-defined server group does not have servers.



Configuring the VRF Attribute of an AAA Server Group



Optional.



Run the ip vrf forwarding command to configure the VRF attribute of an AAA server group.



By default, the AAA server group belongs to the global VRF table.

Verification
Run the show aaa group command to verify the configuration.
Related Commands



Creating a User-Defined AAA Server Group

Command
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Parameter

name: Indicates the name of the server group to be created. The name must not contain the radius and tacacs+

Description

keywords because they are the names of the default RADIUS and TACACS+ server groups.

Command

Global configuration mode

Mode
Usage Guide



UsethiscommandtoconfigureanAAAservergroup.Currently,theRADIUSandTACACS+servergroupsaresupported.

Adding an AAA Server Group Member

Command

server ip-addr [auth-port port1] [ acct-port port2]

Parameter

ip-addr: Indicates the IP address of a server.

Description

port1: Indicates the authentication port of a server. (This parameter is supported only by the RADIUS server group.)
port2: Indicates the accounting port of a server. (This parameter is supported only by the RADIUS server group.)

Command

Server group configuration mode

Mode
Usage Guide



When you add servers to a server group, the default ports are used if you do not specify ports.

Configuring the VRF Attribute of an AAA Server Group

Command

ip vrf forwarding vrf_name

Parameter

vrf_name: Indicates the name of a VRF table.

Description
Command

Server group configuration mode

Mode
Usage Guide

Use this command to assign a VRF table to the specified server group.

Configuration Example



Creating an AAA Server Group

Create RADIUS server groups named g1 and g2. The IP addresses of the servers in g1 are 10.1.1.1 and 10.1.1.2, and the IP addresses of
the servers in g2 are 10.1.1.3 and 10.1.1.4.
Scenario
Figure 1- 12

Prerequisites

1.

The required interfaces, IP addresses, and VLANs have been configured on the network, network connections have
been set up, and the routes from the NAS to servers are reachable.

2.
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Configuration

Step1: Configureaserver(whichbelongstothedefaultservergroup).

Steps

Step 2: Create user-defined AAA server groups.
Step 3: Add servers to the AAA server groups.

NAS

FS#configure terminal
FS(config)#radius-server host 10.1.1.1
FS(config)#radius-server host 10.1.1.2
FS(config)#radius-server host 10.1.1.3
FS(config)#radius-server host 10.1.1.4
FS(config)#radius-server key secret
FS(config)#aaa group server radius g1
FS(config-gs-radius)#server10.1.1.1
FS(config-gs-radius)#server 10.1.1.2
FS(config-gs-radius)#exit
FS(config)#aaa group server radius g2
FS(config-gs-radius)#server10.1.1.3
FS(config-gs-radius)#server 10.1.1.4
FS(config-gs-radius)#exit

Verification

Run the show aaa group and show run commands on the NAS to display the configuration.

NAS

FS#show aaa group
Type

Reference Name

---------- ---------- ---------radius

1

radius

tacacs+

1

tacacs+

radius

1

g1

radius

1

g2

FS#show run
!
radius-server host 10.1.1.1
radius-server host 10.1.1.2
radius-server host 10.1.1.3
radius-server host 10.1.1.4
radius-server key secret
!
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aaa group server radius g1
server 10.1.1.1
server 10.1.1.2
!
aaa group server radius g2
server 10.1.1.3
server 10.1.1.4
!
!
Common Errors



For RADIUS servers that use non-default authentication and accounting ports, when you run the server command to add
servers, specify the authentication or accounting port.



Only the RADIUS server group can be configured with the VRF attribute.

1.4.5 Configuring the Domain-Based AAA Service

Configuration Effect
Create AAA schemes for 802.1X users in different domains.
Notes
About referencing method lists in domains:



The AAA method lists that you select in domain configuration mode should be defined in advance. If the method lists are not
defined in advance, when you select them in domain configuration mode, the system prompts that the configurations do not
exist.



The names of the AAA method lists selected in domain configuration mode must be consistent with those of the method lists
defined for the AAA service. If they are inconsistent, the AAA service cannot be properly provided to the users in the domain.

About the default domain:



Default domain: After the domain-based AAA service is enabled, if a username does not carry domain information, the AAA
service is provided to the user based on the default domain. If the domain information carried by the username is not
configured in the system, the system determines that the user is unauthorized and will not provide the AAA service to the user.
If the default domain is not configured initially, it must be created manually.



When the domain-based AAA service is enabled, the default domain is not configured by default and needs to be created
manually. The default domain name is default. It is used to provide the AAA service to the users whose usernames do not carry
domain information. If the default domain is not configured, the AAA service is not available for the users whose usernames do
not carry domain information.

About domain names:
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The domain names carried by usernames and those configured on the NAS are matched in the longest matching principle. For
example, if two domains, domain.com and domain.com.cn are configured on a NAS and a user sends a request carrying
aaa@domain.com, the NAS determines that the user belongs to domain.com, instead of domain.com.cn.



If the username of an authenticated user carries domain information but the domain is not configured on the NAS, the AAA
service is not provided to the user.

Configuration Steps



Enabling AAA



Mandatory.



Run the aaa new-model command to enable AAA.



By default, AAA is disabled.



Enabling the Domain-Based AAA Service



Mandatory.



Run the aaa domain enable command to enable the domain-based AAA service.



By default, the domain-based AAA service is disabled.



Creating a Domain and Entering Domain Configuration Mode



Mandatory.



Run the aaa domain command to create a domain or enter the configured domain.



By default, no domain is configured.



Associating the Domain with an 802.1X Authentication Method List



Run the authentication login command to associate the domain with the login authentication method list.



Run the authentication enable command to associate the domain with the enable authentication method list.



This configuration is mandatory if you need to specify the login or enable authentication method list to the domain.



If no authentication method list is specified, the default list is enabled.



Associating the Domain with a Network Accounting Method List



Run the accounting network command to associate the domain with a network accounting method.



This configuration is mandatory if you need to apply a specified network accounting method list to the domain.



If a domain is not associated with a network accounting method list, by default, the global default method list is used for
accounting.



Associating the Domain with a Commands, or EXEC Accounting Method List



Run the accounting {commands | exec} { default | list-name } command to associate the domain with a commands, or EXEC
accounting method.



This configuration is mandatory if you need to apply a specified commands, or EXEC accounting method list to the domain.



If a domain is not associated with a commands, or EXEC accounting method list, by default, the global default method list is
used for accounting.
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Associating the Domain with a Network Authorization Method List



Run the authorization network command to associate the domain with a network authorization method list.



This configuration is mandatory if you need to apply a specified network authorization method list to the domain.



If a domain is not associated with a network authorization method list, by default, the global default method list is used for
authorization.



Associating the Domain with a Commands, or EXEC Authorization Method List



Runtheauthorization{commands|exec} {default|list-name }commandtoassociatethedomainwithacommands,or EXEC
authorization method list.



This configuration is mandatory if you need to apply a specified commands or EXEC authorization method list to the domain.



If a domain is not associated with a commands or EXEC authorization method list, by default, the global default method list is
used for authorization.



Configuring the Domain Status



Optional.



When a domain is in Block state, the users in the domain cannot log in.



By default, after a domain is created, its state is Active, indicating that all the users in the domain are allowed to request network
services.



Configuring Whether to Contain the Domain Name in Usernames



Optional.



By default, the usernames exchanged between the NAS and an authentication server carry domain information.



Configuring the Maximum Number of Domain Users



Optional.



By default, the maximum number of access users allowed in a domain is not limited.

Verification
Run the show aaa domain command to verify the configuration.
Related Commands



Enabling AAA

Command

aaa new-model

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Toenable the AAA services, run thiscommand. None of the rest of AAA commands can be effective if AAA isnot enabled.

Enabling the Domain-Based AAA Service

Command
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Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Use this command to enable the domain-based AAA service.

Creating a Domain and Entering Domain Configuration Mode

Command

aaa domain { default | domain-name }

Parameter

default: Uses this parameter to configure the default domain.

Description

domain-name: Indicates the name of the domain to be created.

Command

Global configuration mode

Mode
Usage Guide

Use this command to configure a domain to provide the domain-based AAA service. The default parameter specifies the
default domain. If a username does not carry domain information, the NAS uses the method list associated with the
default domain to provide the AAA service to the user. The domain-name parameter specifies the name of the domain to
be created. If the domain name carried by a username matches the configured domain name, the NAS uses the method
list associated with this domain to provide the AAA service to the user.The system supports a maximum of 32 domains.



Associating the Domain with an Login Authentication Method List

Command

authentication login { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Use this command to associate the domain with a login authentication method list.

Associating the Domain with an Enable Authentication Method List

Command

authentication enable { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Use this command to associate the domain with an Enable authentication method list.

Associating the Domain with a Network Accounting Method List

Command

accounting network { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Use this command to associate the domain with a network accounting method list.

Associating the Domain with a Commands Accounting Method List

Command
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Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Use this command to associate the domain with a Commands accounting method list.

Associating the Domain with an EXEC Accounting Method List

Command

accounting exec { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Use this command to associate the domain with an EXEC accounting method list.

Associating the Domain with a Network Authorization Method List

Command

authorization network { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



Associating the Domain with a Commands Authorization Method List

Command

authorization commands { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



N/A

Associating the Domain with an EXEC Authorization Method List

Command

authorization exec { default | list-name }

Parameter

default: Indicates that the default method list is used.

Description

list-name: Indicates the name of the method list to be associated.

Command

Domain configuration mode

Mode
Usage Guide



N/A

Configuring the Domain Status

Command

state { block | active }

Parameter

block: Indicates that the configured domain is invalid.

Description

active: Indicates that the configured domain is valid.

Command

Domain configuration mode
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Mode
Usage Guide



Use this command to make the configured domain valid or invalid.

Configuring Whether to Contain the Domain Name in Usernames

Command

username-format { without-domain | with-domain }

Parameter

without-domain: Indicates to remove domain information from usernames.

Description

with-domain: Indicates to keep domain information in usernames.

Command

Domain configuration mode

Mode
Usage Guide

Use this command in domain configuration mode to determine whether to include domain information in usernames
when the NAS interacts with authentication servers in a specified domain.

Common Errors
N/A
1.4.6 Configuring a Login Switch for the AAA Slave Device

Configuration Effect
When theswitch isturned on, the slavedeviceis allowed tologin; otherwise, theslave devicecannot login.
The configuration remains valid unless a change is made.
Notes
The aaa new-model command should be run first.
Configuration Steps



Configuring a Login Switch for the AAA Slave Device



Optional.



By default, the slave device is not allowed to login.

Verification
Run the show run command to verify the configuration.
Related Commands



Configuring a Login Switch for the AAA Slave Device

Command

aaa slave-login allow

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

By default, the switch is off, so the slave device is not allowed to login. When the switch is turned on, the slave device can
login.
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Configuration Example



Configuring a Login Switch for the AAA Slave Device

Scenario
Figure 1-13

Configuration

The following example shows how to configure a login switchfor the AAA slave device

Steps

Step1: Enable AAA.
Step 2: Turn on the login switch.

NAS

FS#configure terminal
FS(config)#aaa new-model
FS(config)#aaa slave-login allow

Verification

Run the show run command on the NAS to display the configuration.

NAS

FS#sh run | inc aaa
aaa new-model
aaa slave-login allow

Common Errors
N/A
1.4.7 Configuring Authorization Result Caching

Configuration Effect
After this feature is configured, the AAA module caches authorization resultsreturned fromthe server.Therefore, later authorizations
at the same level can be operated based on the cache.
Notes
The cached authorization results, originating from specific levels of sessions and commands, can be applied only to sessions and
commands at theselevels.
Configuration Steps



Configuring Authorization Result Caching



Optional.



By default, authorization results are not cached.

Verification
Run the show run command to verify the configuration.
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Related Commands



Configuring Authorization Result Caching

Command

aaa command-author cache

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

The AAA device caches authorization results returned from the server. Therefore, later authorizations at the same level
can be operated based on the cached resources.

Configuration Example



Configuring Authorization Result Caching

Scenario
Figure 1-14

Configuration

Thefollowingexampleshowshowtoconfigureauthorizationresultcaching

Steps

Step1: Enable AAA.
Step 2: Turn on the login switch.
Step 3: Configure authorization result caching.

NAS

FS#configure terminal
FS(config)#aaa new-model
FS(config)#aaa command-author cache
FS(config)# aaa authorization commands 15 default group tacacs+

Verification

Run the show run command on the NAS to display the configuration.

NAS

FS#sh run | inc aaa
aaa new-model
aaa authorization commands 15 default group tacacs+
aaa command-author cache

Common Errors
N/A

1.5 Monitoring
Clearing
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Description

Command

Clears the locked users.

clear aaa local user lockout {all | user-name username }

Displaying
Description

Command

Displays the accounting update information.

show aaa accounting update

Displays the current domain configuration.

show aaa domain

Displays the current lockout configuration.

show aaa lockout

Displays the AAA server groups.

show aaa group

Displays the AAA method lists.

show aaa method-list

Displays the AAA users.

show aaa user

2 Configuring RADIUS
2.1 Overview
The Remote Authentication Dial-In User Service (RADIUS) is a distributed client/server system.
RADIUS works with the Authentication, Authorization, and Accounting (AAA) to conduct identity authentication on users who
attempt to access a network, to prevent unauthorized access. In FSOS implementation, a RADIUS client runs on a device or Network
Access Server (NAS) and transmits identity authentication requests to the central RADIOUS server, where all user identity
authentication information and network service information are stored. In addition to the authentication service, the RADIUS server
provides authorization and accounting services for access users.
RADIUSisoftenappliedinnetwork environmentsthat have highsecurityrequirementsand allowtheaccessof remoteusers.RADIUS
is a completely open protocol and the RADIUS server is installed on many operating systems as a component, for example, on UNIX,
Windows 2000, and Windows 2008. Therefore, RADIUS is the most widely applied security server currently.
The Dynamic Authorization Extensions to Remote Authentication Dial In User Service is defined in the IETF RFC3576. This protocol
defines a user offline management method. Devices communicate with the RADIUS server through the Disconnect-Messages (DMs)
to bring authenticated users offline. This protocol implements compatibility between devices of different vendors and the RADIUS
server in terms of user offline processing.
In the DMmechanism, the RADIUS server actively initiates a user offline request to adevice, the device locates a user according tothe
user session information, user name, and other information carried in the request and brings the user offline. Then, the device returns
a response packet that carries the processing result to the RADIUS server, thereby implementing user offline management of the
RADIUS server.
Protocols and Standards



RFC2865: Remote Authentication Dial In User Service (RADIUS)



RFC2866: RADIUS Accounting



RFC2867: RADIUS Accounting Modifications for Tunnel Protocol Support



RFC2869: RADIUS Extensions



RFC3576: Dynamic Authorization Extensions to Remote Authentication Dial In User Service (RADIUS)
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2.2 Applications
Application

Description

Providing Authentication, Authorization,

Authentication, authorization, and accounting are conducted on access users on a network, to

and Accounting Services for Access Users prevent unauthorized access or operations.
Forcing Users to Go Offline

The server forces an authenticated user to go offline.

2.2.1 Providing Authentication, Authorization, and Accounting Services for Access Users

Scenario
RADIUS is typically applied in the authentication, authorization, and accounting of access users. A network device serves as a RADIUS
client and transmits user information to a RADIUS server. After completing processing, the RADIUS server returns the authentication
acceptance/authentication rejection/accounting response information to the RADIUS client. The RADIUS client performs processing
on the access user according to the response from the RADIUS server.
Figure 2- 1 Typical RADIUS Networking Topology

Remarks

PC 1 and PC 2 are connected to the RADIUS client as access users in wired or wireless mode, and initiate authentication and
accounting requests.
The RADIUS client is usually an access switch or aggregate switch.
The RADIUS server canbe a component built in the Windows 2000/2003, Server (IAS), or UNIX operating system or dedicated
server software provided by vendors.

Deployment



Configure access device information on the RADIUS server, including the IP address and shared key of the access devices.



Configure the AAA method list on the RADIUS client.



Configure the RADIUS server information on the RADIUS client, including the IP address and shared key.



Enable access control on the access port of the RADIUS client.



Configure the network so that the RADIUS client communicates with the RADIUS server successfully.

2.2.2 Forcing Users to Go Offline

Scenario
The RADIUS server forces authenticated online users to go offline for the sake of management.
See Figure 2- 1 for the networking topology.
Deployment
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Add the following deployment on the basis of 1.2.1 "Deployment".



Enable the RADIUS dynamic authorization extension function on the RADIUS client.

2.3 Features
Basic Concepts



Client/Server Mode



Client: A RADIUS client initiates RADIUS requests and usually runs on a device or NAS. It transmits user information to the
RADIUS server, receives responses from the RADIUS server, and performs processing accordingly. The processing includes
accepting user access, rejecting user access, or collecting more user information for the RADIUS server.



Server: Multiple RADIUS clients map to one RADIUS server. The RADIUS server maintains the IP addresses and shared keys of all
RADIUS clients as well as information on all authenticated users. It receives requests from a RADIUS client, conducts
authentication, authorization, and accounting, and returns processing information to the RADIUS client.



Structure of RADIUS Packets

The following figure shows the structure of RADIUS packets.



Code: Identifies the type of RADIUS packets, which occupies one byte. The following table lists the values and meanings.

Code

Packet Type

Code

Packet Type

1

Access-Request

4

Accounting-Request

2

Access-Accept

5

Accounting-Response

3

Access-Reject

11

Access-Challenge



Identifier: Indicates the identifier for matching request packets and response packets, which occupies one byte. The identifier
values of request packets and response packets of the same type are the same.



Length: Identifies the length of a whole RADIUS packet, which includes Code, Identifier, Length, Authenticator, and
Attributes. It occupies two bytes. Bytes that are beyond the Length field will be truncated. If the length of a received packet is
smaller than the value of Length, the packet is discarded.



Authenticator: Verifies response packets of the RADIUS server by a RADIUS client, which occupies 16 bytes. This field is also used
for encryption/decryption of user passwords.



Attributes: Carries authentication, authorization, and accounting information, with the length unfixed. The Attributes field
usually contains multiple attributes. Each attribute is represented in the Type, Length, Value (TLV) format. Type occupies one
byte and indicates the attribute type. The following table lists common attributes of RADIUS authentication, authorization, and
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accounting. Length occupies one byte and indicates the attribute length, with the unit of bytes. Value indicates the attribute
information.
Attribute No.

Attribute Name

Attribute No.

Attribute Name

1

User-Name

43

Acct-Output-Octets

2

User-Password

44

Acct-Session-Id

3

CHAP-Password

45

Acct-Authentic

4

NAS-IP-Address

46

Acct-Session-Time

5

NAS-Port

47

Acct-Input-Packets

6

Service-Type

48

Acct-Output-Packets

7

Framed-Protocol

49

Acct-Terminate-Cause

8

Framed-IP-Address

50

Acct-Multi-Session-Id

9

Framed-IP-Netmask

51

Acct-Link-Count

10

Framed-Routing

52

Acct-Input-Gigawords

11

Filter-ID

53

Acct-Output-Gigawords

12

Framed-MTU

55

Event-Timestamp

13

Framed-Compression

60

CHAP-Challenge

14

Login-IP-Host

61

NAS-Port-Type

15

Login-Service

62

Port-Limit

16

Login-TCP-Port

63

Login-LAT-Port

18

Reply-Message

64

Tunnel-Type

19

Callback-Number

65

Tunnel-Medium-Type

20

Callback-ID

66

Tunnel-Client-Endpoint

22

Framed-Route

67

Tunnel-Server-Endpoint

23

Framed-IPX-Network

68

Acct-Tunnel-Connection

24

State

69

Tunnel-Password

25

Class

70

ARAP-Password

26

Vendor-Specific

71

ARAP-Features

27

Session-Timeout

72

ARAP-Zone-Access

28

Idle-Timeout

73

ARAP-Security

29

Termination-Action

74

ARAP-Security-Data

30

Called-Station-Id

75

Password-Retry

31

Calling-Station-Id

76

Prompt

32

NAS-Identifier

77

Connect-Info

33

Proxy-State

78

Configuration-Token

34

Login-LAT-Service

79

EAP-Message

35

Login-LAT-Node

80

Message-Authenticator

36

Login-LAT-Group

81

Tunnel-Private-Group-id

37

Framed-AppleTalk-Link

82

Tunnel-Assignment-id

38

Framed-AppleTalk-Network

83

Tunnel-Preference

39

Framed-AppleTalk-Zone

84

ARAP-Challenge-Response

40

Acct-Status-Type

85

Acct-Interim-Interval

41

Acct-Delay-Time

86

Acct-Tunnel-Packets-Lost

42

Acct-Input-Octets

87

NAS-Port-Id
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Shared Key

A RADIUS client and a RADIUS server mutually confirm their identities by using a shared key during communication. The shared key
cannot be transmitted over a network. In addition, user passwords are encrypted for transmission for the sake of security.



RADIUS Server Group

The RADIUS security protocol, also called RADIUS method, is configured in the form of a RADIUS server group. Each RADIUS method
corresponds to one RADIUS server group and one or more RADIUS severs can be added to one RADIUS server group. For details about
the RADIUS method, see the Configuring AAA. If you add multiple RADIUS servers to one RADIUS server group, when the
communication between a device and the first RADIUS server in this group fails or the first RADIUS server becomes unreachable, the
device automatically attempts to communicate with the next RADIUS server till the communication is successful or the
communication with all the RADIUS servers fails.



RADIUS Attribute Type



Standard attributes



The RFC standards specify the RADIUS attribute numbers and attribute content but do not specify the format of some attribute
types. Therefore, the format of attribute contents needs to be configured to adapt to different RADIUS server requirements.
Currently, the format of the RADIUS Calling-Station-ID attribute (attribute No.: 31) can be configured.

The RADIUS Calling-Station-ID attribute is used to identify user identities when a network device transmits request packets to the
RADIUS server. The RADIUS Calling-Station-ID attribute is a string, which can adopt multiple formats. It needs to uniquely identify a
user. Therefore, it is often set to the MAC address of a user. For example, when IEEE 802.1X authentication is used, the
Calling-Station-ID attribute is set to the MAC address of the device where the IEEE 802.1X client is installed. The following table
describes the format of MAC addresses.
Format

Description
Indicates the standard format specified in the IETF standard (RFC3580), which is separated by

Ietf

the separator (-). Example:
00-D0-F8-33-22-AC
Indicates the common format that represents a MAC address (dotted hexadecimal format),

Normal

which is separated by the separator (.). Example:
00d0.f833.22ac
Indicates the format without separators. This format is used by default. Example:

Unformatted



00d0f83322ac

Private attributes

RADIUS is an extensible protocol. According to RFC2865, the Vendor-Specific attribute (attribute No.: 26) is used by device vendors to
extend the RADIUS protocol to implement private functions or functions that are not defined in the standard RADIUS protocol. Table
1-3 lists private attributes supported by FS products. The TYPE column indicates the default configuration of private attributes of FS
products and the Extended TYPE column indicates the default configuration of private attributes of other non-FS products.
ID

Function

TYPE

Extended TYPE

1

max-down-rate

1

76

2

port-priority

2

77

3

user-ip

3

3

4

vlan-id

4

4

5

last-supplicant-version

5

5
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ID

Function

TYPE

Extended TYPE

6

net-ip

6

6

7

user-name

7

7

8

password

8

8

9

file-directory

9

9

10

file-count

10

10

11

file-name-0

11

11

12

file-name-1

12

12

13

file-name-2

13

13

14

file-name-3

14

14

15

file-name-4

15

15

16

max-up-rate

16

16

17

current-supplicant-version

17

17

18

flux-max-high32

18

18

19

flux-max-low32

19

19

20

proxy-avoid

20

20

21

dailup-avoid

21

21

22

ip-privilege

22

22

23

login-privilege

42

42

27

ipv4-multicast-address

87

87

62

sdg-type

62

62

85

sdg-zone-name

85

85

103

sdg-group-name

103

103

Overview
Feature

Description

RADIUS

Authentication,

Conducts identity authentication and accounting on access users, safeguards network security, and

Authorization, and Accounting

facilitates management for network administrators.

Source Address of RADIUS Packets

Specifies the sourceIP address used by a RADIUS client totransmit packetsto a RADIUS server.

RADIUS Timeout Retransmission

Specifies the packet retransmission parameter for a RADIUS client when a RADIUS server does not
respond to packets transmitted from the RADIUS client within a period of time.

RADIUS

Server

Accessibility

Detection

Enables a RADIUS client to actively detect whether a RADIUS server is reachable and maintain the
accessibility of each RADIUS server. A reachable RADIUS server is selected preferentially to improve
the handling performance of RADIUS services.

RADIUS Forced Offline

Enables a RADIUS server to actively force authenticated users to go offline.

2.3.1 RADIUS Authentication, Authorization, and Accounting

Conduct identity authentication and accounting on access users, safeguard network security, and facilitate management for network
administrators.
Working Principle
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Figure 2- 2

The RADIUS authentication and authorization process is described as follows:
1.

A user enters the user name and password and transmits them to the RADIUS client.

2.

After receiving the user name and password, the RADIUS client transmits an authentication request packet to the RADIUS server.
The password is encrypted for transmission. For the encryption method, see RFC2865.

3.

The RADIUS server accepts or rejects the authentication request according to the user name and password. When accepting the
authentication request, the RADIUS server also issues authorization information apart from the authentication acceptance
information. The authorization information varies with the type of access users.

The RADIUS accounting process is described as follows:
1.

If the RADIUS server returns authentication acceptance information in Step (3), the RADIUS client sends an accounting start
request packet to the RADIUS server immediately.

2.

The RADIUS server returns the accounting start response packet, indicating accounting start.

3.

The user stops accessing network resources and requests the RADIUS client to disconnect the network connection.

4.

The RADIUS client transmits the accounting end request packet to the RADIUS server.

5.

The RADIUS server returns the accounting end response packet, indicating accounting end.

6.

The user is disconnected and cannot access network resources.

Related Configuration

 Configuring RADIUS Server Parameters
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No RADIUS server is configured by default.
You can run the radius-server host command to configure a RADIUS server.
At least one RADIUS server must be configured so that RADIUS services run normally.



Configuring the AAA Authentication Method List

No AAA authentication method list is configured by default.
You can run the aaa authentication command to configure a method list for different user types and select group radius when
setting the authentication method.
The RADIUS authentication can be conducted only after the AAA authentication method list of relevant user types is configured.



Configuring the AAA Authorization Method List

No AAA authorization method list is configured by default.
You can run the aaa authorization command to configure an authorization method list for different user types and select group
radius when setting the authorization method.
The RADIUS authorization can be conducted only after the AAA authorization method list of relevant user types is configured.



Configuring the AAA Accounting Method List

No AAA accounting method list is configured by default.
You can run the aaa accounting command to configure an accounting method list for different user types and select group radius
when setting the accounting method.
The RADIUS accounting can be conducted only after the AAA accounting method list of relevant user types is configured.
2.3.2 Source Address of RADIUS Packets

Specify the source IP address used by a RADIUS client to transmit packets to a RADIUS server.
Working Principle
When configuring RADIUS, specify the source IP address to be used by a RADIUS client to transmit RADIUS packets to a RADIUS server,
in an effort to reduce the workload of maintaining a large amount of NAS information on the RADIUS server.
Related Configuration
The global routing is used to determine the source address for transmitting RADIUS packets by default.
Run the ip radius source-interface command to specify the source interface for transmitting RADIUS packets. The device uses the
first IP address of the specified interface as the source address of RADIUS packets.
2.3.3 RADIUS Timeout Retransmission

Working Principle
After a RADIUS client transmits a packet to a RADIUS server, a timer is started to detect the response of the RADIUS server. If the
RADIUS server does not respond within a certain period of time, the RADIUS client retransmits the packet.
Related Configuration
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Configuring the RADIUS Server Timeout Time

The default timeout time is 5 seconds.
You can run the radius-server timeout command to configure the timeout time. The value ranges from 1 second to 1,000 seconds.
The response time of a RADIUS server is relevant to its performance and the network environment. Set an appropriate timeout time
according to actualconditions.



Configuring the Retransmission Count

The default retransmission count is 3.
You can run the radius-server retransmit command to configure the retransmission count. The value ranges from 1 to 100.



Configuring Whether to Retransmit Accounting Update Packets

Accounting update packets are not retransmitted by default.
Youcan run the radius-server account update retransmit command to configure retransmission of accounting update packets for
authenticated users.
2.3.4 RADIUS Server Accessibility Detection

Working Principle
A RADIUS client actively detects whether a RADIUS server is reachable and maintains the accessibility of each RADIUS server. A
reachable RADIUS server is selected preferentially to improve the handling performance of RADIUS services.
Related Configuration



Configuring the Criteria for the Device to Judge That a RADIUS Server Is Unreachable

The default criteria configured for judging that a RADIUS server is unreachable meet the two conditions simultaneously: 1.The device
does not receive a correct response packet from the RADIUS security server within 60 seconds. 2. The device transmits the request
packet to the same RADIUS security server for consecutive 10 times.
You can run the radius-server dead-criteria command to configure the criteria for the device to judge that the RADIUS security
server is unreachable.



Configuring the Test User Name for Actively Detecting the RADIUS Security Server

No test user name is specified for actively detecting the RADIUS security server by default.
You can run the radius-server host x.x.x.xtestusername xxx command to configure the test user name.
2.3.5 RADIUSForced Offline

Working Principle
Figure 2- 3 DM Message Exchange of the RADIUS Dynamic Authorization Extension Protocol
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The preceding figure shows the exchange of DM messages between the RADIUS server and the device. The RADIUS server transmits
the Disconnect-Request message to UDP Port 3799 of the device. After processing, the device returns the Disconnect-Response
message that carries the processing result to the RADIUS server.
Related Configuration
N/A

2.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to configure RADIUS authentication, authorization, and accounting.
Configures the IP address of the remote RADIUS security

radius-serverhost

server.
Configures the shared key for communication between the

radius-serverkey
RADIUS Basic Configuration

device and the RADIUS server.
Configures the request transmission count, after which the

radius-serverretransmit

device confirms that a RADIUS server is unreachable.
Configures the waiting time, after which the device

radius-servertimeout
radius-server

account

retransmits a request.
update

Configures retransmission of accounting update packets

retransmit

for authenticated users.

ip radius source-interface

Configures the source address of RADIUS packets.

(Optional) It is used to define attribute processing adopted when the device encapsulates and
parses RADIUS packets.
radius-serverattribute31
Configuring

the

RADIUS

Attribute Type

Configures the MAC address format of RADIUS attribute No.
31 (Calling-Station-ID).
Sets the private attribute port-priority issued by the server

radius set qoscos

to the COS value of an interface. For COS-relevant concepts,
see the Configuring QoS.

radius support cui
radius vendor-specific

Configures the device to support the CUI attribute.
Configures the mode of parsing private attributes by the
device.

(Optional) It is used to detect whether a RADIUS server is reachable and maintain the accessibility
of the RADIUS server.
Configuring RADIUS Accessibility
Detection

radius-server dead-criteria
radius-server deadtime
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Configuration

Description and Command
Configures the IP address of the remote RADIUS security
radius-server host

server, authentication port, accounting port, and active
detection parameters.

2.4.1 RADIUS Basic Configuration

Configuration Effect



RADIUS authentication, authorization, and accounting can be conducted after RADIUS basic configuration is complete.

Notes



Before configuring RADIUS on the device, ensure that the network communication of the RADIUS server is in good condition.



When running the ip radius source-interface command to configure the source address of RADIUS packets, ensure that the
device of the source IP address communicates with the RADIUS server successfully.

Configuration Steps



Configuring the Remote RADIUS Security Server



Mandatory.



Configure the IP address, authentication port, accounting port, and shard key of the RADIUS security server.



Configuring the Shared Key for Communication Between the Device and the RADIUS Server



Optional.



Configureasharedkeyinglobalconfigurationmodeforserverswithout asharedkey.
The shared key on the device must be consistent with that on the RADIUS server.



Configuring the Request Transmission Count, After Which the Device Confirms That a RADIUS Server Is Unreachable



Optional.



Configuretherequesttransmissioncount,afterwhichthedeviceconfirmsthataRADIUSserverisunreachable,accordingtothe
actual network environment.



Configuring the Waiting Time, After which the Device Retransmits a Request



Optional.



Configure the waiting time, after which the device retransmits a request, according to the actual network environment.
In an 802.1X authentication environment that uses the RADIUS security protocol, if a network device serves as the 802.1X
authenticator and FS SU is used as the 802.1X client software, it is recommended that radius-server timeout be set to 3
seconds (the default value is 5 seconds) and radius-server retransmit be set to 2 (the default value is 3) on the network device.



Configuring the Source Address of RADIUS Packets



Optional.



Configure the source address of RADIUS packets according to the actual network environment.

Verification
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Configure the AAA method list that specifies to conduct authentication, authorization, and accounting on users by using
RADIUS.



Enable the device tointeract with theRADIUS server.Conduct packet capture to confirmthat the device communicates withthe
RADIUS server over the RADIUS protocol.

Related Commands



Configuring the Remote RADIUS Security Server

Command

radius-server host [ oob [ viamgmt_name] ] { ipv4-address } [auth-portport-number] [acct-portport-number][ test
usernamename [ idle-timetime ] [ ignore-auth-port ] [ ignore-acct-port ] ] [ key [ 0 | 7 ] text-string ]

Parameter

oob: Indicates oob authentication, that is, the source interface for transmitting packets to the RADIUS server is an mgmt

Description

port.
viamgmt_name: Specifies a specific mgmt port when oob supports multiple mgmt ports.
ipv4-address: Indicates the IPv4 address of the RADIUS security server.
auth-portport-number: Indicatesthe UDPport for RADIUS identityauthentication.The value ranges from0to65,535. If it
is set to 0, the host does not conduct identity authentication.
acct-port port-number: Indicates the UDP port for RADIUS accounting. The value ranges from 0 to 65,535. If it is set to 0,
the host does not conduct accounting.
testusername name: Enables thefunction of activelydetecting the RADIUS securityserver and specifiesthe user name
used for active detection.
idle-timetime: Indicates the interval for the device to transmit test packets to a reachable RADIUS security server. The
default value is 60 minutes. The value ranges from 1 minute to 1,440 minutes (24 hours).
ignore-auth-port: Disables the function of detecting the authentication port of the RADIUS security server. It is enabled
by default.
ignore-acct-port: Disables the function of detecting the accounting port of the RADIUS security server. It is enabled by
default.
key[ 0 | 7 ] text-string : Configures the shared key of the server.The global shared key is used if it is not configured.

Command

Global configuration mode

Mode
Usage Guide

A RADIUS security server must be defined to implement the AAA security service by using RADIUS. You can run the
radius-server host command to define one or more RADIUS security servers. If a RADIUS security server is not added to a
RADIUSserver group, thedeviceusesthe global routing tablewhen transmittingRADIUS packetstotheRADIUS server.
Otherwise, the device uses the VRF routing table of the RADIUS server group.



Configuring the Shared Key for Communication Between the Device and the RADIUS Server

Command

radius-server key [0 | 7]text-string

Parameter

text-string: Indicates the text of the shared key.

Description

0 | 7: Indicates the encryption type of the key. The value 0 indicates no encryption and 7indicates simple encryption. The
default value is 0.

Command

Global configuration mode

Mode
Usage Guide

A shared key is the basis for correct communication between the device and the RADIUS security server. The same shared
key must be configured on the device and RADIUS security server so that they can communicate with each other
successfully.
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Configuring the Request Transmission Count, After Which the Device Confirms That a RADIUS Server Is Unreachable

Command

radius-server retransmitretries

Parameter

retries: Indicates the RADIUS retransmission count. The value ranges from 1 to 100.

Description
Command

Global configuration mode

Mode
Usage Guide

The prerequisite for AAA to use the next user authentication method is that the current security server used for
authentication does not respond. The criteria for the device to judge that a security server does not respond are that the
security server does not respond within the RADIUS packet retransmission duration of the specified retransmission count.
There is an interval between consecutive two retransmissions.



Configuring the Waiting Time, After which the Device Retransmits a Request

Command

radius-server timeoutseconds

Parameter

seconds: Indicates the timeout time, with the unit of seconds. The value ranges from 1 second to 1,000 seconds.

Description
Command

Global configuration mode

Mode
Usage Guide



Use this command to adjust the packet retransmission timeout time.

Configuring Retransmission of Accounting Update Packets for Authenticated Users

Command

radius-server account update retransmit

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Configure retransmission of accounting update packets for authenticated users. Accounting update packets are not
retransmitted by default. The configuration does not affect users of other types.

Configuration Example



Using RADIUS Authentication, Authorization, and Accounting for Login Users

Scenario
Figure 2- 4
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Configuration



Enable AAA.

Steps



Configure the RADIUS server information.



Configure to use the RADIUS authentication, authorization, and accounting methods.



Apply the configured authentication method on the interface.

RADIUS Client

FS#configure terminal
FS (config)#aaa new-model
FS (config)# radius-server host 192.168.5.22
FS (config)#radius-server host 3000::100
FS (config)# radius-server key aaa
FS (config)#aaa authentication login test group radius
FS (config)#aaa authorizationexectest group radius
FS (config)#aaa accountingexectest start-stop group radius
FS (config)# line vty 0 4
FS (config-line)#login authentication test
FS (config-line)# authorization exec test
FS (config-line)# accounting exec test

Verification

Telnet to a device from a PC. The screen requesting the user name and password is displayed. Enter the correct user name
and password to log in to the device. After obtaining a certain access level granted by the server, only run commands
under this access level. Display the authentication log of the user on the RADIUS server. Perform management operations
on the device as the user and then log out. Display the accounting information on the user on the RADIUS server.
FS#show running-config
!
radius-server host 192.168.5.22
radius-server host 3000::100
radius-server key aaa
aaa new-model
aaa accounting exec test start-stop group radius
aaa authorization exec test group radius
aaaauthenticationlogintestgroup radius
no servicepassword-encryption
iptcp not-send-rst
!
vlan 1
!
line con 0
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line vty 0 4
accounting exec test
authorization exec test
login authentication test
!

Common Errors



The key configured on the device is inconsistent with that configured on the server.



No method list is configured.

2.4.2 Configuring the RADIUS Attribute Type

Configuration Effect



Define the attribute processing adopted when the device encapsulates and parses RADIUS packets.

Notes



Private attributes involved in "Configuring the RADIUS Attribute Type" refer to FS private attributes.

Configuration Steps



Configuring the MAC Address Format of RADIUS Attribute No. 31 (Calling-Station-ID)



Optional.



Set the MAC address format of Calling-Station-Id to a type supported by the server.



Configuring the RADIUS Private Attribute Type



Optional.



If the server is a FS application server, the RADIUS private attribute type needs to be configured.



Setting the Private Attribute port-priority Issued by the Server to the COS Value of an Interface



Optional.



Set the private attribute port-priority issued by the server to the COS value of an interface as required.



Configures the Device to Support the CUI Attribute



Optional.



Configure whether the device supports the RADIUS CUI attribute as required.



Configuring the Mode of Parsing Private Attributes by the Device



Optional.



Configure the index of a FS private attribute parsed by the device as required.

Verification
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Configure the AAA method list that specifies to conduct authentication, authorization, and accounting on users by using
RADIUS.



Enable the device to interact with the RADIUS server. Conduct packet capture to display the MAC address format of
Calling-Station-Id.



Enable the device to interact with the RADIUS server. Display the debug information of the device to check that FS private
attributes are correctly parsed by the device.



Enable the device to interact with the RADIUS server. Display the debug information of the device to check that the CUI
attribute is correctly parsed by the device.

Related Commands



Configuring the MAC Address Format of RADIUS Attribute No. 31 (Calling-Station-ID)

Command

radius-server attribute 31 mac format {ietf | normal | unformatted }

Parameter

ietf: Indicates the standard format specified in the IETF standard (RFC3580), which is separated by the separator (-).

Description

Example: 00-D0-F8-33-22-AC.
normal:Indicatesthecommonformatthat representsaMACaddress(dottedhexadecimalformat),whichisseparatedby
the separator (.). Example: 00d0.f833.22ac.
unformatted: Indicates the format without separators. This format is used by default. Example: 00d0f83322ac.

Command

Global configuration mode

Mode
Usage Guide

Some RADIUS security servers can identify only MAC addresses in the IETF format. In this case, set the MAC address
format of Calling-Station-ID to IETF.



Setting the Private Attribute port-priority Issued by the Server to the COS Value of an Interface

Command

radius set qoscos

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Configure this command to use the issued QoS value as the CoS value. The QoS value is used as the DSCP value by
default.



Configures the Device to Support the CUI Attribute

Command

radius support cui

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Configure this command to enable the RADIUS-compliant device to support the CUI attribute.

Configuring the Mode of Parsing Private Attributes by the Device

Command

Radius vendor-specific extend

Parameter

N/A
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Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to identify attributes of all vendor IDs by type.

Configuration Example



Configuring the RADIUS Attribute Type

Scenario

One authentication device

Configuration



Configure the MAC address format of RADIUS Calling-Station-Id.

Steps



Set the QoS value issued by the RADIUS server as the COS value of the interface.



Configure the RADIUS function to support the CUI attribute.



Configure the device to support private attributes of other vendors.

FS(config)#radius-server attribute 31 mac format ietf
FS(config)#radiussetqoscos
FS(config)#radiussupport cui
FS(config)#radiusvendor-specific extend

Verification

Conduct packet capture or display debug information of the device to check whether the RADIUS standard attributes
and private attributes are encapsulated/parsed correctly.

2.4.3 Configuring RADIUS Accessibility Detection

Configuration Effect
The device maintains the accessibility status of each configured RADIUS server: reachable or unreachable. The device will not transmit
authentication, authorization, and accounting requests of access users to an unreachable RADIUS server unless all the other servers in
the same RADIUS server group as the unreachable server are all unreachable.
The device actively detects a specified RADIUS server. The active detection function is disabled by default. If the active detection
function is enabled for a specified RADIUS server, the device will, according to the configuration, periodically transmits detection
requests (authentication requests or accounting requests) to the RADIUS server. The transmission interval is as follows:



For a reachable RADIUS server, the interval is the active detection interval of the reachable RADIUS server (the default value is 60
minutes).



For an unreachable RADIUS server, the interval is always 1 minute.

Notes
All the following conditions need to be met before the active detection function is enabled for a specified RADIUS server:



The test user name of the RADIUS server is configured on the device.



At least one tested port (authentication port or accounting port) of the RADIUS server is configured on the device.

If the following two conditions are all met, it is deemed that a reachable RADIUS server becomes unreachable:
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After the previous correct response is received from the RADIUS server, the time set in radius-server dead-criteria timeseconds
has elapsed.



After the previous correct response is received from the RADIUS server, the count that the device transmits requests to the
RADIUS server but fails to receive correct responses (including retransmission) reaches the value set in radius-server
dead-criteria triesnumber.

If any of the following conditions is met, it is deemed that an unreachable RADIUS server becomes reachable:



The device receives correct responses from the RADIUS server.



The duration that the RADIUS server is in the unreachable state exceeds the time set in radius-server deadtime and the active
detection function is disabled for the RADIUS server.



The authentication port or accounting port of the RADIUS server is updated on the device.

Configuration Steps



Configuring the Global Criteria for Judging That a RADIUS Security Server Is Unreachable



Mandatory.



Configuring the global criteria for judging that a RADIUS security server is unreachable is a prerequisite for enabling the active
detection function.



Configuring the IP Address of the Remote RADIUS Security Server, Authentication Port, Accounting Port, and Active
Detection Parameters



Mandatory.



Configuring active detection parameters of the RADIUS server is a prerequisite for enabling the active detection function.



Configuring the Duration for the Device to Stop Transmitting Request Packets to an Unreachable RADIUS Server



Optional.



The configured duration for the device to stop transmitting request packets to an unreachable RADIUS server takes effect only
when the active detection function is disabled for the RADIUS server.

Verification



Run the show radius server command to display the accessibility information of each RADIUS server.

Related Commands



Configuring the Global Criteria for Judging That a RADIUS Security Server Is Unreachable

Command

radius-server dead-criteria { timeseconds [ triesnumber ] | triesnumber }

Parameter

timeseconds: Indicates the time condition parameter. If the device fails to receive a correct response packet from a

Description

RADIUS security server within the specified time, it is deemed that the RADIUS security server meets the inaccessibility
duration condition. The value ranges from 1 second to 120 seconds.
triesnumber: Indicates the consecutive request timeout count. If the timeout count of request packets transmitted by the
devicetothe same RADIUS security server reaches the preset count, itis deemed that the RADIUS security server meets
the consecutive timeout count condition of inaccessibility. The value ranges from 1 to 100.

Command

Global configuration mode

Mode
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Usage Guide

If a RADIUS security server meets both the duration condition and the consecutive request timeout count condition, it is
deemed that the RADIUS security server is unreachable. Users can use this command to adjust parameter values in the
duration condition and consecutive request timeout count condition.



Configuring the Duration for the Device to Stop Transmitting Request Packets to an Unreachable RADIUS Server

Command

Radius-server deadtimeminutes

Parameter

minutes: Indicates the duration for the device to stop transmitting requests to an unreachable RADIUS security server,

Description

with the unit of minutes. The value ranges from 1 minute to 1,440 minutes (24 hours).

Command

Global configuration mode

Mode
Usage Guide

If the active detection function is enabled for a RADIUS security server on the device, the time parameter in
radius-server deadtime does not take effect on the RADIUS server. If the active detection function is disabled for a
RADIUS security server, the device automatically restores the RADIUS security server to the reachable state when the
duration that the RADIUS security server is in the unreachable state exceeds the time specified in radius-server
deadtime.

Configuration Example



Configuring Accessibility Detection on the RADIUS Server

Scenario
Figure 2- 5

Configuration



Configure the global criteria for judging that a RADIUS security server is unreachable.

Steps



Configure the IP address of the remote RADIUS security server, authentication port, accounting port, and active
detection parameters.

RADIUS Client

FS(config)#radius-server dead-criteria time120 tries 5
FS(config)# radius-server host 192.168.5.22 test username test ignore-acct-port idle-time 90

Verification

Disconnect the network communication between the device and the server with the IP address of 192.168.5.22.Conduct
RADIUS authentication through the device. After 120 seconds, run the show radius server command to check that the
server state is dead.
FS#show running-config
…
radius-server host 192.168.5.22 test username test ignore-acct-port idle-time 90
radius-server dead-criteria time 120 tries 5
…

2.5 Monitoring
Clearing
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Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears statistics of the RADIUS dynamic clear radius dynamic-authorization-extension statistics
authorization extension function and
restarts statistics.
Displaying
Description

Command

Displays global parameters of the RADIUS show radius parameter
server.
Displays the configuration of the RADIUS

show radius server

server.
Displays the configuration of the RADIUS

show radius vendor-specific

private attribute type.
Displays statistics relevant to the RADIUS show radius dynamic-authorization-extension statistics
dynamic

authorization

extension

function.
Displays statistics relevant to RADIUS

show radius auth statistics

authentication.
Displays statistics relevant to RADIUS

show radius acct statistics

accounting.
Displays configuration of RADIUS server show radius group
groups.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the RADIUS event.

debugradiusevent

Debugs RADIUS packet printing.

debugradiusdetail

Debugs

debug radiusextension event

the

RADIUS

dynamic

authorization extension function.
Debugs

the

RADIUS

dynamic

debug radius extension detail

authorization extension packet printing.

3 Configuring TACACS+
3.1 Overview
TACACS+ is a security protocol enhanced in functions based on the Terminal Access Controller Access Control System (TACACS)
protocol. It is used to implement the authentication, authorization, and accounting (AAA) of multiple users.
Protocols and Standards



RFC 1492 Terminal Access Controller Access Control System
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3.2 Applications
Application

Description

Managing and Controlling Login of End

Password verification and authorization need to be conducted on end users.

Users
3.2.1 Managing and Controlling Login of End Users

Scenario
TACACS+ is typically applied in the login management and control of end users. A network device serves as the TACACS+ client and
sends a user name and password to the TACACS+ server for verification. The user is allowed to log in to the network device and
perform operations after passing the verification and obtaining authorization. See the following figure.
Figure 3- 1

Remarks



A is a client that initiates TACACS+ requests.



B, C, and D are servers that process TACACS+ requests.

Deployment



Start the TACACS+ server on Server B, Server C, and Server D, and configure information on the access device (Device A) so that
the servers provide TACACS+-based AAA function for the access device. Enable the AAA function on Device A to start
authentication for the user login.



Enable the TACACS+ client function on Device A, add the IP addresses of the TACACS+ servers (Server B, Server C, and Server D)
and thesharedkeyso thatDevice Acommunicates withtheTACACS+servers overTACACS+toimplement theAAA function.

3.3 Features
Basic Concepts

 Format of TACACS+ Packets
Figure 3- 2
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Major Version: Indicates the major TACACS+ version number.



Minor Version: Indicates the minor TACACS+ version number.



PacketType:Indicatesthetypeofpackets,withtheoptionsincluding:
TAC_PLUS_AUTHEN: = 0x01 (authentication);
TAC_PLUS_AUTHOR: = 0x02 (authorization);
TAC_PLUS_ACCT: = 0x03 (accounting)



Sequence Number: Indicates the sequence number of a data packet in the current session. The sequence number of the first
TACACS+ data packet in a session must be 1 and the sequence number of subsequent each data packet increases by one.
Therefore, the client sends data packets only withan odd sequence number and TACACS+Daemon sends packetsonly withan
even sequence number.



Flags: Contains various bitmap format flags. One of the bits in the value specifies whether data packets need to be encrypted.



Session ID: Indicates the ID of a TACACS+ session.



Length: Indicates the body length of a TACACS+ data packet (excluding the header). Packets are encrypted for transmission on a
network.

Overview
Feature
TACACS+

Description
Authentication,

Conducts authentication, authorization, and accounting on end users.

Authorization, and Accounting
3.3.1 TACACS+ Authentication, Authorization, and Accounting

Working Principle
The following figure uses basic authentication, authorization, and accounting of user login to describe interaction of TACACS+ data
packets.
Figure 3- 3
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The entire basic message interaction process includes three sections:

1.

The authentication process is described as follows:

1)

A user requests to log in to a network device.

2)

After receiving the request, the TACACS+ client sends an authentication start packet to the TACACS+ server.

3)

The TACACS+ server returns an authentication response packet, requesting the user name.

4)

The TACACS+ client requests the user to enter the user name.

5)

The user enters the login user name.

6)

Afterreceivingtheusername,theTACACS+client sendsanauthenticationcontinuationpacketthat carriestheuser name
to the TACACS+ server.

7)

The TACACS+ server returns an authentication response packet, requesting the login password.

8)

The TACACS+ client requests the user to enter the login password.

9)

The user enters the login password.

10)

After receiving the login password, the TACACS+ client sends an authentication continuation packet that carries the login
password to the TACACS+ server.

11)
2.

The TACACS+ server returns an authentication response packet, prompting that the user passes authentication.

The user authorization starts after successful authentication:
1)
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2)

The TACACS+ server returns an authorization response packet, prompting that the user passes authorization.

3)

After receiving the authorization successpacket,theTACACS+client outputs the network device configuration screen for
the user.

3.

Accounting and audit need to be conducted on the login user after successful authorization:

1)

The TACACS+ client sends an accounting start packet to the TACACS+ server.

2)

The TACACS+ server returns an accounting response packet, prompting that the accounting start packet has been
received.

3)

The userlogs out.

4)

The TACACS+ client sends an accounting end packet to the TACACS+ server.

5)

The TACACS+ server returns an accounting response packet, prompting that the accounting end packet has been
received.

3.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the TACACS+ security service.
tacacs-server host

Configuring

TACACS+

Basic

Functions

tacacs-server key

Configures the TACACS+ server.
Specifies the key shared by the server and
network device.
Configures the global waiting timeout time of the

tacacs-server timeout

TACACS+ server for communication between a
network device and the TACACS+ server.

(Optional)It isusedtoseparatelyprocess authentication, authorization, and accounting requests.
Configuring Separate Processing

aaa group server tacacs+

of Authentication, Authorization,
and Accounting of TACACS+

nas-ip
server

Configures TACACS+ server groups and divides
TACACS+ servers into different groups.
Configures the source IP address for TACACS+
packets sent from the TACACS+ server group.
Adds servers to TACACS+ server groups.

3.4.1 Configuring TACACS+ Basic Functions

Configuration Effect



The TACACS+ basic functions are available after the configuration is complete. When configuring the AAA method list, specify
the method of using TACACS+ to implement TACACS+ authentication, authorization, and accounting.



When authentication, authorization, and accounting operations are performed, TACACS+ initiates the authentication,
authorization, and accounting requests to configured TACACS+ servers according to the configured sequence. If response
timeout occurs on a TACACS+ server, TACACS+ traverses the TACACS+ server list in sequence.

Notes
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The TACACS+ security service is a type of AAA service. You need to run the aaa new-model command to enable the security
service.



Only one security service is provided after TACACS+ basic functions are configured. To make the TACACS+ functions take effect,
specify the TACACS+ service when configuring the AAA method list.

Configuration Steps



Enabling AAA



Mandatory.The AAAmethodlistcanbe configuredonlyafterAAA isenabled.TACACS+providesservicesaccordingtotheAAA

method list.
Command

aaa new-model

Parameter

N/A

Description
Defaults

The AAA function is disabled.

Command

Global configuration mode

Mode
Usage Guide

The AAA method list can be configured only after AAA is enabled. TACACS+ provides services according to the AAA
method list.



Configuring the IP Address of the TACACS+ Server



Mandatory. Otherwise, a device cannot communicate with the TACACS+ server to implement the AAA function.

Command

tacacs-server host [ oob ] [ via mgmt_name] {ipv4-address | ipv6-address} [ port integer ] [ timeout integer ] [ key [ 0 | 7 ]
text-string ]

Parameter

ipv4-address: Indicates the IPv4 address of the TACACS+ server.

Description

ipv6-address: Indicates the IPv6 address of the TACACS+ server.
oob: Uses an MGMT port as the source interfacefor communicating withtheTACACS+server. A non-MGMT port is used
for communication by default.
via mgmt_name: Specifies a specific MGMT port when oob supports multiple MGMT ports.
portinteger: Indicates the TCP port used for TACACS+ communication. The default TCP port is 49.
timeout integer: Indicates the timeout time of the communication with the TACACS+ server. The global timeout time is
used by default.
key [ 0 | 7 ] text-string: Indicates the shared key of the server. The global key is used if it is not configured. An encryption
type can be specified for the configured key. The value 0 indicates no encryption and 7 indicates simple encryption. The
default value is 0.

Defaults

No TACACS+ server is configured.

Command

Global configuration mode

Mode
Usage Guide

17.

You can specify the shared key of the server when configuring the IP address of the server. If no shared key is

specified, the global key configured using the tacacs-server key command is used as the shared key of the server. The
shared key must be completely the same as that configured on the server.
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Configuring the Shared Key of the TACACS+ Server



Optional.



If no global communication protocol is configured using this command, set key to specify the shared key of the server when
running the tacacs-server host command to add server information. Otherwise, a device cannot communicate with the
TACACS+ server.



If no shared key is specified by using key when you run the tacacs-server host command to add server information, the global
key is used.

Command

tacacs-server [ key [ 0 | 7 ] text-string ]

Parameter

text-string: Indicates the text of the shared key.

Description

0 | 7: Indicates the encryption type of the key. The value 0 indicates no encryption and 7 indicates simple encryption.

Defaults

No shared key is configured for any TACACS+ server.

Command

Global configuration mode

Mode
Usage Guide

This command is usedtoconfigure aglobal shared keyfor servers.Tospecifyadifferent keyfor eachserver, set key when
running the tacacs-server host command.



Configuring the Timeout Time of the TACACS+ Server



Optional.



You can set the timeout time to a large value when the link between the device and the server is unstable.

Command

tacacs-server timeoutseconds

Parameter

seconds: Indicates the timeout time, with the unit of seconds. The value ranges from 1 second to 1,000 seconds.

Description
Defaults

The default value is 5 seconds.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the global server response timeout time. Toset different timeout time for each server,
set timeout when running the tacacs-server host command.

Verification
Configure the AAA method list that specifies to conduct authentication, authorization, and accounting on users by using TACACS+.



Enable the device to interact with the TACACS+ server and conduct packet capture to check the TACACS+ interaction process
between the device and the TACACS+ server.



View server logs to check whether the authentication, authorization, and accounting are normal.

Configuration Example



Using TACACS+ for Login Authentication
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Scenario
Figure 3- 4

Remarks

Configuration
Steps

A



A is a client that initiates TACACS+ requests.



B is a server that processes TACACS+ requests.



Enable AAA.



Configure the TACACS+ server information.



Configure the method of using TACACS+ for authentication.



Apply the configured authentication method on an interface.

FS# configure terminal
FS(config)# aaa new-model
FS(config)# tacacs-server host 192.168.5.22
FS(config)# tacacs-server key aaa
FS(config)# aaa authentication login test group tacacs+
FS(config)# line vty 0 4
FS(config-line)# login authentication test

Verification

TelnettoadevicefromaPC.Thescreenrequestingtheusernameandpasswordisdisplayed.Enter thecorrectusername
and password to log in to the device. View the authentication log of the user on the TACACS+ server.

Common Errors



The AAA security service is disabled.



The key configured on the device is inconsistent with the key configured on the server.



No method list is configured.

3.4.2 Configuring Separate Processing of Authentication, Authorization, and Accounting of TACACS+

Configuration Effect



The authentication, authorization, and accounting in the security service are processed by different TACACS+ servers, which
improves security and achieves load balancing to a certain extent.

Notes



The TACACS+ security service is a type of AAA service. You need to run the aaa new-model command to enable the security
service.
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Only one security service is provided after TACACS+ basic functions are configured. To make the TACACS+ functions take effect,
specify the TACACS+ service when configuring the AAA method list.

Configuration Steps



Configuring TACACS+ Server Groups



Mandatory. There is only one TACACS+ server group by default, which cannot implement separate processing of authentication,
authorization, and accounting.



Three TACACS+ server groups need to be configured for separately processing authentication, authorization, and accounting.

Command

aaa group server tacacs+group-name

Parameter

group-name: Indicates the name of a group. A group name cannot be radius or tacacs+, which are the names of

Description

embedded groups.

Defaults

No TACACS+ server group is configured.

Command

Global configuration mode

Mode
Usage Guide

GroupTACACS+serverssothatauthentication,authorization,and accountingarecompletedbydifferentservergroups.



Adding Servers to TACACS+ Server Groups



Mandatory. If no server is added to a server group, a device cannot communicate with TACACS+ servers.



In server group configuration mode, add the servers that are configured using the tacacs-server host command.

Command

server { ipv4-address | ipv6-address }

Parameter

ipv4-address: Indicates the IPv4 address of the TACACS+ server.

Description

ipv6-address: Indicates the IPv6 address of the TACACS+ server.

Defaults

No server is configured.

Command

TACACS+ server group configuration mode

Mode
Usage Guide

Before configuring this command, you must run the aaa group server tacacs+ command to enter the TACACS+ server
group configuration mode.
For the address of a server configured in a TACACS+ server group, the server must be configured using the tacacs-server
host command in global configuration mode.
If multiple servers are added to one server group, when one server does not respond, the device continues to send a
TACACS+ request to another server in the server group.



Configuring the Source IP Address for TACACS+ Packets Sent from the TACACS+ Server Group

Command

nas-ip {ipv4-address | ipv6-address}

Parameter

ipv4-address: Indicates the source IPv4 address for the TACACS+ packets.

Description

ipv6-address: Indicates the source IPv6 address for the TACACS+ packets.

Defaults

No source IP address is configured.

Command

TACACS+ server group configuration mode
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Mode
Usage Guide

Before configuring this command, you must run the aaa group server tacacs+ command to enter the TACACS+ server
group configuration mode.



Configuring VRF of a TACACS+ Server Group



Optional. Configure Virtual Routing and Forwarding (VRF) if a device needs to send TACACS+ packets through a specified
address.



In server group configuration mode, use a configured VRF name to specify the routing for the communication of servers in this
group.

Command

ip vrf forwarding vrf-name

Parameter

vrf-name: Indicates the VRF name.

Description
Defaults

No VRF is specified by default.

Command

TACACS+ server group configuration mode

Mode
Usage Guide

Before configuring this command, you must run the aaa group server tacacs+ command to enter the TACACS+ server
group configuration mode.
For VRF configured in a TACACS+ server group, a valid name must be configured for VRF by using the vrf definition
command in global configuration mode.



Configuring oob of a TACACS+ Server Group



Optional. Configure oob if a device needs to send TACACS+ packets through a specified MGMT port.



In server group configuration mode, specify routing for the communication of servers in the group.

Command

ip oob via mgmt_name

Parameter

mgmt-name: Indicates the name of a management port.

Description
Defaults

No oob is specified by default.

Command

TACACS+ server group configuration mode

Mode
Usage Guide

Before configuring this command, you must run the aaa group server tacacs+ command to enter the TACACS+ server
group configuration mode.
If no MGMT port is specified, the MGMT0 port is used by default.

Verification
Configure the AAA method list that specifies to conduct authentication, authorization, and accounting on users by using TACACS+.



Enable a device to interact with TACACS+ servers. Conduct packet capture, check that the authentication, authorization, and
accounting packets are interacted with different servers, and check the source addresses in packets.

Configuration Example
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Configuring Different TACACS+ Server Groups for Separately Processing Authentication, Authorization, and
Accounting

Scenario
Figure 3- 5

Remarks

Configuration
Steps



A is a client that initiates TACACS+ requests.



B is a server that processes TACACS+ authentication requests.



C is a server that processes TACACS+ authorization requests.



D is a server that processes TACACS+ accounting requests.



Enable AAA.



Configure the TACACS+ server information.



Configure TACACS+ server groups.



Add servers to TACACS+ server groups.



Configure the method of using TACACS+ for authentication.



Configure the method of using TACACS+ for authorization.



Configure the method of using TACACS+ for accounting.



Apply the configured authentication method on an interface.



Apply the configured authorization method on an interface.



Apply the configured accounting method on an interface.

FS#

configure

terminal

FS(FS(config)# aaa new-model
FS(config)# tacacs-server host 192.168.5.22
FS(config)# tacacs-server host 192.168.5.34
FS(config)# tacacs-server host 192.168.5.44
FS(config)# tacacs-server key aaa
FS(config)# aaa group server tacacs+ tacgrp1
FS(config-gs-tacacs)# server 192.168.5.22
FS(config-gs-tacacs)# exit
FS(config)# aaa group server tacacs+ tacgrp2
FS(config-gs-tacacs)# server 192.168.5.34
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FS(config-gs-tacacs)# exit
FS(config)# aaa group server tacacs+ tacgrp3
FS(config-gs-tacacs)# server 192.168.5.44
FS(config-gs-tacacs)# exit
FS(config)# aaa authentication login test1 group tacacs+
FS(config)# aaa authentication enable default group tacgrp1
FS(config)# aaa authorization exec test2 group tacgrp2
FS(config)# aaa accounting commands 15 test3 start-stop group tacgrp3
FS(config)# line vty 0 4
FS(config-line)# login authentication test1
FS(config-line)#authorization exec test2
FS(config-line)# accounting commands 15 test3

Verification

Telnet to a device from a PC. The screen requesting the user name and password is displayed. Enter the correct user name
and password to log in to the device. Enter the enable command and enter the correct enable password to initiate
enableauthentication.EntertheprivilegeEXECmodeafterpassingtheauthentication.Performoperationsonthedevice
and then exit the device.
View the authentication log of the user on the server with the IP address of 192.168.5.22.
Viewtheenableauthenticationlogof the useron theserverwiththeIPaddressof 192.168.5.22.
View the exec authorization log of the user on the server with the IP address of 192.168.5.34.
View the command accounting log of the user on the server with the IP address of 192.168.5.44.

Common Errors



The AAA security service is disabled.



The key configured on the device is inconsistent with the key configured on the server.



Undefined servers are added to a server group.



No method list is configured.

3.5 Monitoring
Displaying
Description

Command

Displays interaction with each TACACS+ server.

show tacacs

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs TACACS+.

debug tacacs+
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4 Configuring SCC
4.1 Overview
The Security Control Center (SCC) provides common configuration methods and policy integration for various access control and
network security services, so that these access control and network security services can coexist on one device to meet diversified
access and security control requirements in various scenarios.
The network security services include Access Control List (ACL), Network Foundation Protection Policy (NFPP), and anti-ARP gateway
spoofing. When two or more access control or network security services are simultaneously enabled on the device, or when both
access control and network security services are simultaneously enabled on the device, the SCC coordinates the coexistence of these
services according to relevant policies.
Fordetailsabouttheaccesscontroland networksecurityservices,seetherelatedconfigurationguide.Thisdocumentdescribes
the SCC only.
Protocol and Standards
N/A

4.2 Application
Typical Application

Scenario

Access Control of Extended Layer 2

Students on a campus network can access the Internet based on dot1x client authentication

Campus Networks

or Web authentication. ARP spoofing between the students should be prevented. In
addition, terminal devices in some departments (such as the headmaster's office) can access
the Internet without authentication.

4.2.1 Access Control of Extended Layer 2 Campus Networks

Scenario
Students on a campus network of a university usually need to be authenticated through the dot1x client or Web before accessing the
Internet, so as to facilitate accounting and guarantee the benefits of the university.



ThestudentscanaccesstheInternetthroughdot1xclientauthenticationorWebauthentication.



ARPspoofingbetweenthestudentsisprevented,soastoguaranteethestabilityof thenetwork.



Terminal devices in some departments (such as the headmaster's office) can access the Internet without authentication.
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Figure 4-1

Remarks

Atraditional campus networkishierarchically designed, whichconsistsof an access layer,a conveFSencelayer and a core
layer, where the access layer performs user access control. On an extended Layer 2 campus network, however, user access
control is performed by a core switch, below which access switches exist without involving any conveFSence device in
between. The ports between the core switch and the access switches (such as switches B, C, and D in Figure 1-1) are all
trunk ports.
The user access switches B, C, and D connect to PCs in various departments via access ports, and VLANs correspond to sub
VLANs configured on the downlink ports of the core switch, so that access users are in different VLANs to prevent ARP
spoofing.
The core switch A connects to various servers, such as the authentication server and the DHCP server. Super VLANs and sub
VLANs are configured on the downlink ports. One super VLAN correspond to multiple sub VLANs, and each sub VLAN
represents an access user.

Deployment
On the core switch, different access users are identified by VLAN and port numbers. Each access user (or a group of access users)
correspondstooneVLAN.The ports oneach accessswitchthatconnect todownstreamusersareconfiguredasaccessports,and one
user VLAN is assigned to each access user according to VLAN planning. The core switch does not forward ARP requests. The core
switchrepliesto theARP requests fromauthenticatedusersonly, soas toprevent ARP spoofing. Onthe coreswitchA, user VLANs are
regardedassubVLANs,superVLANsareconfigured,andSVIscorrespondingtothesuperVLANsareconfiguredasusergateways.



On the downlink ports of the core switch (switch A in this example) that connect to the teachers' living area and the students'
living area, both dot1x authentication and Web authentication are enabled, so that users can freely select either authentication
mode for Internet access.
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Any special department (such as the headmaster's office in this example) can be allocated to a particular VLAN, and this VLAN
can be configured as an authentication-exemption VLAN so that users in this department can access the Internet without
authentication.

4.3 Features
Basic Concepts



Authorization Mode

Therearetwoauthenticationmodes:accessauthenticationand gateway authentication.Onatraditional hierarchicalnetwork,access
authentication is usually performed by access switches. On a extended Layer 2 network, the access function moves forward to a core
switch while the access devices need only to support basic VLAN and Layer 2 forwarding functions. As the access authentication is
performed by access switches on a traditional hierarchical network while performed by a core switch on a de-layered extended Layer
2 network, some extrinsic functions and behaviors will differ accordingly with the two different authentication modes. Therefore, the
authentication mode falls into gateway authentication and access authentication. If the access authentication moves to the core
switch, the core switch needs to be enabled with the gateway authentication mode to support a large number of user entries,
typicallyincludingalarge-capacityMACaddresstable,ARP tableand routingtable.Otherwise,thesupportedusercapacityissubject
tohardwareACLentryrestrictions.Ingeneral,thecapacityofhardwareACLentriesislimitedandcannotsupport alargeusercapacity.
The access authentication mode is generally applicable only in scenarios where the access authentication is deployed on access
switches.



Authentication-Exemption VLAN

Some special departments may be allocated to authentication-exemption VLANs to simplify network management, so that users in
these departments can access network resources without authentication. For example, the headmaster's office can be divided into
the authentication-exemption VLANs on the campus network, so that users in the headmaster's office can access the Internet without
authentication.



IPv4 User Capacity

The number of IPv4 access users can be restricted to protect the access stability of online users on the Internet and improve the
operational stability of the device.
The number of IPv4 access users is not restricted by default; that is, a large number of users can get online after being
authenticated, till reaching the maximum hardware capacity of the device.
IPv4 access users include IP users (such as IP authenticated users) based on dot1x authentication, users based on Web
authentication, and IP users manually bound (using IP source guard, ARP check, or other means).



Authenticated-User Migration

Online-user migration means that an online user can get authenticated again from different physical locations to access the network.
On the campus network, however, for ease of management, students are usually requested to get authenticated from a specified
location before accessing the Internet, but cannot get authenticated on other access ports. This means that the users cannot migrate.
In another case, some users have the mobile office requirement and can get authenticated from different access locations. Then the
users can migrate.



User Online-Status Detection
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For a chargeable user, accounting starts immediately after the user passes the authentication and gets online. The accounting process
does not end until the user actively gets offline. Some users, however, forget to get offline when leaving their PCs, or cannot get
offline because of terminal problems. Then the users suffer certain economical losses as the accounting process continues. Tomore
precisely determine whether a user is really online, we can preset a traffic value, so that the user is considered as not accessing the
Internet and therefore directly brought offline when the user's traffic is lower than the preset value in a period of time or there is not
traffic of the user at all in a period of time.
Overview
Feature

Function

Authentication Mode

This feature determines whether access control is deployed on access switches or core switches depending
on network deployment needs.

Authentication-Exempt

Users in a specified VLAN can be configured as authentication-exemption users.

ion VLAN
IPv4 User Capacity

The IPv4 user capacity of a specified interface can be restricted to guarantee the access stability of users on
the Internet.

Authenticated-User

You can specify whether the authenticated can migrate.

Migration
User

Online-Status

Detection

You can specify whether to detect the traffic of online users, so that a user is forced offline when the traffic of
the user is lower than a preset value in a period of time.

4.3.1 Authentication Mode

There are two authentication modes: access authentication and gateway authentication. In access authentication mode, access
controlsuchasdot1xorWebauthenticationisenabledonaccessswitches.Ingatewayauthenticationmode,accesscontrolisenabled
on core switches. On a large-scale network such as a campus network, there are hundreds of access switches. Compared with the
access authentication mode, the gateway authentication mode simplifies the routine maintenance and management on the access
switches, because the access switches need only to support basic VLAN and Layer 2 forwarding functions. Therefore, the gateway
authentication mode isrecommended.
Working Principle
The authentication mode on a device depends on the network layer where the access control device works. If access control is
deployed on coreswitches(for example, on an extendedLayer 2 network),gateway authenticationmode oncore switchesisrequired.
If access control is deployed on access switches, the authentication mode should be set to access authentication on the access
switches.
The access authentication mode applies by default. In addition, only the N18000 switches support authentication mode
switching.
Restart the device after the authentication mode is changed, so that the new authentication mode takes effect.Save the current
configuration before restarting the device.
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4.3.2 Authentication-Exemption VLAN

Authentication-exemption VLANs are used to accommodate departments with special access requirements, so that users in these
departments can access the Internet without authentication such as dot1x or Web authentication.
Working Principle
Suppose the authentication-exemption VLAN feature is enabled on a device. When the device detects that a packet comes from an
authentication-exemption VLAN, access control is not performed. In this way, users in the authentication-exemption VLAN can access
the Internet without authentication. The authentication-exemption VLAN feature can be regarded as a kind of applications of secure
channels.
A maximum of 100 authentication-exemption VLANs can be configured.
The authentication-exemption VLANs occupy hardware entries. When access control such as authentication is disabled,
configuring authentication-exemption VLANs has the same effect as the case where no authentication-exemption VLANs are
configured.Therefore, it isrecommendedthat authentication-exemptionVLANs be configured for userswho need toaccessthe
Internet without authentication, only when the access control function has been enabled.
Although packets from authentication-exemption VLANs are exempt from access control, they still need to be checked by a
security ACL. If the packets of the users in an authentication-exemption VLAN are denied according to the security ACL, the
users still cannot access the Internet.
In gateway authentication mode, the device does not initiate any ARP request to a user in an authentication-exemption VLAN,
andtheARPproxy willnot work.Therefore,ingatewayauthenticationmode,usersindifferentauthentication-exemptionVLANs
cannot access each other unless the users have been authenticated.
4.3.3 IPv4 User Capacity

Toimprove the operational stability of the device and guard against brutal force impacts from unauthorized users, you can restrict the
total number of IPv4 access users on a certain port of the device.
Working Principle
IfthetotalnumberofIPv4accessusersisrestricted,newusersgoingbeyondthetotalnumbercannot accesstheInternet.
Only the switches support the restriction on the number of IPv4 access users.
The number of IPv4 access users is not restricted on the device by default, but depends on the hardware capacity of the device.
The number of IPv4 access users includes IPv4 users based on various binding functions. Because the number of IPv4 access
users is configured in interface configuration mode, the restriction includes both the number of IPv4 users generated on the
port and IPv4 users globally generated. For example, you can set the maximum number of IPv4 access users on the Gi 0/1 port
to 2, run commands to bind an IPv4 user to the port, and then run commands to bind a global IPv4 user to the port. Actually
there are already two access users on the port. If you attempt to bind another IPv4 user or another global IPv4 user to the port,
the binding operationfails.
4.3.4 Authenticated-User Migration

On an actual network, users do not necessarily access the Internet from a fixed place. Instead, users may be transferred to another
department or office after getting authenticated at one place. They do not actively get offline but remove network cables and carry
their mobile terminals to the new office to access the network. Then this brings about an issue about authenticated-user migration. If
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authenticated-user migration is not configured, a user who gets online at one place cannot get online at another place without
getting offline first.
Working Principle
When authenticated-user migration is enabled, the dot1x or Web authentication module of the device detects that the port number
or VLAN corresponding to a user's MAC address has changed. Then the user is forced offline and needs to be authenticated again
before getting online.
Onlytheswitchesorwirelessdevicessupport authenticated-usermigration.Inaddition,cross-switchmigrationisnot supported.
For example, authentication and migration are enabled on two N18000, and a user gets online after being authenticated on one
of the two N18000. If the user attempts to migrate to the other N18000, the migration fails.
The authenticated-user migration function requires a check of users' MAC addresses, and is invalid for users who have IP
addresses only.
The authenticated-user migration function enables a user who gets online at one place to get online at another place without
getting offline first. If the user gets online at one place and then gets offline at that place, or if the user does not get online
before moving to another place, the situation is beyond the control range of authenticated-user migration.
During migration, the system checks whether the VLAN ID or port number that corresponds to a user's MAC addresshas
changed, so as to determine whether the user has migrated. If the VLAN ID or port number is the same, it indicates that the user
does not migrate; otherwise, it indicates that the user has migrated. According to the preceding principle, if another user on the
network uses the MAC address of an online user, the system will wrongly disconnect the online user unless extra judgment is
made. To prevent such a problem, the dot1x or Web authentication will check whether a user has actually migrated. For a user
who gets online through Web authentication or dot1x authentication with IP authorization, the dot1x or Web authentication
sends an ARP request to the original place of the user if detecting that the same MAC address is online in another VLAN or on
another port. If no response is received within the specified time, it indicates that the user's location has indeed changed and
then the migration is allowed. If a response is received within the specified time, it indicates that the user actually does not
migrate and a fraudulent user may exist on the network. In the latter case, the migration is not performed. The ARP request is
sent once every second by default, and sent for a total of five times. This means that the migration cannot be confirmed until
five seconds later. Timeout-related parameters, including the probe interval and probe times, can be changed using the arp
retry times times and arp retry interval interval commands. For details about the specific configuration, see ARP-SCG.doc. It
should be noted that the migration check requires the configuration of IP authorization for users based on dot1x authentication.
In addition, the ARP probe is triggered only for user migration in gateway authentication mode but not triggered for user
migration in access authentication mode.
4.3.5 User Online-Status Detection

After a user accesses the Internet, the user may forget to get offline or cannot actively get offline due to terminal faults. In this case,
the user will keep being charged and therefore will suffer a certain economical loss. To protect the benefits of users on the Internet,
the device provides a function to detect whether the users are really online. If the device considers that a user is not online, the device
actively disconnects the user.
Working Principle
A specific detection interval is preset on the device. If a user's traffic is lower than a certain value in this interval, the device considers
that the user is not using the network and therefore directly disconnects the user.
Only the switches and wireless devices support the user online-status detection function.
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The user online-status detection function applies to only userswho get online through dot1x orWebauthentication.
Currently, the N18000 supports zero-traffic detection only.
Currently, due to hardware chip restrictions of the N18000, the time to disconnect a user without any traffic relates to the
configured MAC address aging time. If the traffic detection interval is set to m minutes and the MAC address aging time is set to
n minutes, the interval from the moment when an authenticated user leaves the network without actively getting offline to the
moment when the user is disconnected upon detection of zero traffic is about [m, m+n] minutes. In other words, if an online
user does not incur any Internet access traffic, the user is disconnected about [m, m+n] minutes later.

4.4 Configuration
Configuration Item
Configuring the Authentication
Mode
Configuring
Authentication-Exemption
VLANs

Suggestions and Related Commands
Optional configuration, which is used to configure the authentication mode for the device.
[no] auth-mode gateway

Configures the authentication mode.

Optional configuration, which is used to specify the users of which VLANs can access the
Internet without authentication.
[no] direct-vlan

Configures authentication-exemption VLANs.

Optional configuration, which is used to specify the maximum number of users who are allowed
Configuring the IPv4 User

to access a certain interface.

Capacity
[no] nac-author-user maximum

Configures the number of IPv4 users who are
allowed to access a certain interface.

Optional configuration, which is used tospecify whether online users withstatic MAC addresses
Configuring

can migrate.

Authenticated-User Migration
[no] station-move permit

Configures whether authenticated users can
migrate.

Optional configuration, which is used to specify whether to enable the user online-status
detection function.
Configuring User Online-Status

offline-detect interval threshold

Detection
no offline-detect
default offline-detect

Configures the parameters of the user
online-status detection function.
Disables the user online-status detection
function.
Restores

the

default

user

online-status

detection mode.

4.4.1 Configuring the Authentication Mode

Configuration Effect
Perform this configuration or not perform this configuration, which shall depend on actual network deployment. On a hierarchical
network, access switches perform access control and you do not need to specify the authentication mode but can simply keep the
default configuration. On a de-layered extended Layer 2 network, the gateway device performs access control and then you need to
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set the authentication mode to gateway authentication, so that users can be authenticated and get online after the access control
service such as dot1x or Web authentication is enabled on the gateway device.
Precautions



If access control is deployed on the core switch, you need to change the authentication mode on the core switch to gateway
authentication. If access control is not deployed on the core switch, you do not need to configure the authentication mode.



Youneed to restart the device after the authentication mode ischanged, so that the new authentication mode takes effect. Save
the current configuration before restarting the device.

Configuration Method



Configuring the Authentication Mode



Optional configuration. It determines the access position of the device on the actual network.



Perform the configuration according to actual network deployment. If the core switch performs access control, set the
authentication mode to gateway authentication on the core switch; otherwise, simply keep the default configuration.

Command

[ no ] auth-mode gateway

Parameter

no: If the command carries this parameter, it indicates that the authentication mode is restored to access

Description

authentication; that is, the local device is only an access device and not a gateway device any longer.
auth-mode gateway: If the command carries this parameter, it indicates that the authentication mode is set to
gateway authentication; that is, the local device is both a gateway device and an access device.

Defaults

Access authentication mode

Command

Global configuration mode

Mode
Usage Guide

Use this command to determine the access position of the device on the network. Perform this configuration or not
perform this configuration, which depends on whether the access control function is deployed on access switches on
the network or deployed on the gateway device.
Use this command to change the authentication mode configured on the device from access authentication to
gateway authentication. Use the no auth-mode gateway command to change the authentication mode configured
on the device from gateway authentication back to access authentication.

Verification
Check the configuration using the following method:



Enable dot1x or Web authentication on one port of the device, and perform corresponding authentication on the client. After
getting online, check whether you can access network resources. Then get offline, and check whether you cannot access
specified network resources.

Configuration Examples
The following configuration example describes SCC-related configuration only.
Setting the Authentication Mode to Gateway Authentication so that the Access Control Function Moves Up to the Core
Gateway Device on a De-layered extended Layer 2 Network

www.fs.com

1756

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 4- 1

Configuration



On switch A (which is a core gateway device), set the authentication mode to gateway authentication.

Steps
Switch A

SwitchA(config)#auth-mode gateway
Please save config and reload system.
SwitchA(config)#exit
*Nov 7 10:13:27: %SYS-5-CONFIG_I: Configured from console by console
SwitchA#reload
Reload system?(Y/N)y
SwitchA#

Verification



Switch A

SwitchA(config)#show running-config | include auth-mode

Use the show running command to check whether the configuration has taken effect.

auth-mode gateway
SwitchA(config)#

4.4.2 Configuring Authentication-Exemption VLANs

Configuration Effect
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Configure authentication-exemptionVLANs,sothat users intheseVLANs can accessthe Internet withoutexperiencing dot1x orWeb
authentication.
Precautions
Authentication-exemption VLANs only mean that users in these VLANs do not need to experience a check related to access
authentication, but still need to experience a check based on a security ACL. If specified users or VLANs are denied according to the
security ACL, corresponding users still cannot access the Internet. Therefore, during ACL configuration, you need to ensure that
specified VLANs or specified users in the authentication-exemption VLANs are not blocked if you hope that users in the
authentication-exemption VLANs can access the Internet without being authenticated.
Configuration Method

 Configuring Authentication-Exemption VLANs


Optional configuration. To spare all users in certain VLANs from dot1x or Web authentication, configure these VLANS as
authentication-exemption VLANs.



Perform this configuration on access, convergence, or core switches depending on user distribution.



Authentication-exemption VLANs can be configured in interface configuration mode.

Command

[no] direct-vlan vlanlist

Parameter

no: If the command carries this parameter, it indicates that the authentication-exemption VLAN configuration will be

Description

deleted.
vlanlist: This parameter indicates the list of authentication-exemption VLANs to be configured or deleted.

Defaults

No authentication-exemption VLAN has been configured.

Command

Global configuration mode, or interface configuration mode

Mode
Usage Guide

Use this command to configure or delete authentication-exemption VLANs.

Verification
Check the authentication-exemption VLAN configuration using the following method:



Enable dot1x authentication on downlink ports that connect to user terminals, add the downlink ports that connect to the user
terminals to a specific VLAN, and configure the VLAN as an authentication-exemption VLAN. Then open the Internet Explorer,
and enter a validextranet address (such as www.google.com). Ifthe userscan open the corresponding webpage on the Internet,
it indicates that the authentication-exemption VLAN is valid; otherwise, the authentication-exemption VLAN does not take
effect.



Use the show direct-vlan command to check the authentication-exemption VLAN configuration on the device.

Command

show direct-vlan

Parameter

-

Description
Command
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Mode
Usage Guide

Global configuration mode

UsageExample FS#show direct-vlan
direct-vlan 100
FS#show direct-vlan interface gi 0/1
Port

direct-vlan

-------- -----------------Gi0/1

5,7,100

Configuration Examples
The following configuration example describes SCC-related configuration only.



Configuring Authentication-exemption VLANs so that Specific Users Can Access the Internet without Being
Authenticated

Scenario
Figure 4- 2

Configuration



On switch A (which is the core gateway device), set the GI 2/1 port as a trunk port, and enable dot1x
authentication on thisport.

Steps



On switch A (which is the core gateway device), configure VLAN 100 to which the headmaster's office belongs
as an authentication-exemption VLAN.

Switch A

www.fs.com
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SwitchA(config-vlan)#exit
SwitchA(config)#direct-vlan 100
SwitchA(config)#int GigabitEthernet 0/1
SwitchA(config-if-GigabitEthernet 0/1)#switchport mode trunk
SwitchA(config-if-GigabitEthernet 0/1)#dot1x port-control auto
*Oct 17 16:06:45: %DOT1X-6-ENABLE_DOT1X: Able to receive EAPOL packet and DOT1X authentication enabled.

Verification



that the corresponding webpage can be opened.


Switch A

Open the Internet Explorer from any PC in the headmaster's office, enter a valid extranet address, and confirm
Use the show direct-vlan command to check whether the authentication-exemption VLAN is valid.

SwitchA(config)#show direct-vlan
direct-vlan 100

4.4.3 Configuring the IPv4 User Capacity

Configuration Effect
Configure the IPv4 user capacity, so as to restrict the number of users who are allowed to access an access port.
Precautions
N/A
Configuration Method



Configuring the IPv4 User Capacity



Optional configuration. To limit the maximum of users who are allowed to access an access port, configure the IPv4 user
capacity.The access user capacity is not limited on an access port by default. Suppose the user capacity limit is configured on a
specific interface. When the number of authenticated users on the interface reaches the maximum, new users cannot be
authenticated on this interface and cannot get online, until existing authenticated users get offline on the interface.



Perform this configuration on access switches, which may be access switches on the network edge or core gateway devices.

Command

nac-author-user maximum max-user-num
no nac-author-user maximum

Parameter

no: If the command carries this parameter, it indicates that the limit on the IPv4 access user capacity will be removed

Description

from the port.
max-user-num: This parameter indicates the maximum number of IPv4 users who allowed to access the port. The
value range is from 1 to 1024.

Defaults

The number of IPv4 access users is not limited.

Command

Interface configuration mode

Mode

www.fs.com
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Usage Guide

Use this command to limit the number of IPv4 access users on a specific access port.

Verification
Check the IPv4 user capacity configuration on a port using the following method:



dot1x authentication: When the number of users who get online based on 1x client authentication on the port reaches the
specified user capacity, no any new user can get online from this port.



Web authentication: When the number of users who get online based on Web authentication on the port reaches the specified
user capacity, no any new user can get online from this port.



Use the show nac-author-user [ interface interface-name ] command to check the IPv4 user capacity configured on the device.

Command

show nac-author-user [ interface interface-name ]

Parameter

interface-name: This parameter indicates the interface name.

Description
Command

Privileged EXEC mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Global configuration mode

Usage

FS#show nac-author-user interface GigabitEthernet 0/1

Example

Port

Cur_num Max_num

-------- ------- ------Gi0/1

0

4

Configuration Examples
The following configuration example describes SCC-related configuration only.
Restricting the Number of IP4 Users on a Port to Prevent Excessive Access Terminals from Impacting the Network
Scenario
Figure 4- 3

Configuration

www.fs.com



Assume that the dot1x authentication environment has been well configured on the access switch A, and
dot1x authentication is enabled on the Gi 0/2 port.
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Steps



Switch A

SwitchA(config)#int GigabitEthernet 0/2

Set the maximum number of IPv4 access users on the Gi 0/2 port to 4.

SwitchA(config-if-GigabitEthernet 0/2)#nac-author-user maximum 4

Verification



Perform dot1x authentication for all the four PCs in the dormitory, so that the PCs get online. Then take an
additional terminal to access the network, and attempt to perform dot1x authentication for this terminal. Verify
that the terminal cannot be successfully authenticated to get online.


Switch A

Use the show nac-author-user command to check whether the configuration has taken effect.

SwitchA(config)#show nac-author-user
Port

Cur_num Max_num

-------- ------- ------Gi0/1

0

4

4.4.4 Configuring Authenticated-User Migration

Configuration Effect
By default, when a user gets online after passing dot1x or Web authentication at a physical location (which is represented by a specific
access port plus the VLAN number) and quickly moves to another physical location without getting offline, the user cannot get online
through dot1x or Web authentication from the new physical location, unless the authenticated-user migration feature has been
configured in advance.
Notes



If the authenticated-user migration feature is not yet configured, an online user cannot get online from the new physical
location after quickly moving from one physical location to another physical location without getting offline first. However, if
the user gets offline before changing the physical location or gets offline during the location change, the user can still normally
get online after being authenticated at the new physical location, even if the authenticated-user migration feature is not
configured.

Configuration Method



Configuring Authenticated-User Migration



Optional configuration. To allow users to be authenticated and get online from different physical locations, enable the
authenticated-user migration function.



Perform this configuration on access, convergence, or core switches depending on user distribution.

Command

[no] station-move permit

Parameter

no station-move permit: Indicates that authenticated-user migration is not permitted.

Description
Defaults

station-move permit: Indicates that authenticated-user migration is permitted.
Authenticated-user migration is not permitted; that is, when a user getting online from one physical location on the
network moves to another physical location and attempts to get online from the new physical location without
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getting offline first, the authentication fails and the user cannot get online from the new physical location.
Command

Global configuration mode

Mode
Usage Guide

Use this command to configure authenticated-user migration.

Verification
Check the authenticated-user migration configuration using the following method:



A PC is authenticated and gets online from a dot1x-based port of the device using dot1x SU client, and does not actively get
offline. Move the PC to another port of the device on which dot1x authentication is enabled, and perform dot1x authentication
again. Check whether the PC can successfully get online.

Configuration Examples
The following configuration example describes SCC-related configuration only.



Configuring Online-User Migration so that an Online User Can Perform Authentication and Get Online from Different
Ports without Getting Offline First

Scenario
Figure 4- 4

Configuration



Enable dot1x authentication on access ports Gi 0/2 and Gi 0/3, and configure authentication parameters. The
authentication is MAC-based.

Steps



Configure online-user migration.

Switch A

sw1(config)#station-move permit

Verification



www.fs.com

A lap-top PC in the R&D department performs authentication using dot1x SU client, and gets online. Remove
the network cable from the PC, connect the PC to the LAN where the test department resides, and perform
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dot1x authentication for the PC again using dot1x SU client. Confirm that the PC can successfully get online.
Switch A

sw1(config)#show running-config | include station
station-move permit

4.4.5 Configuring User Online-Status Detection

Configuration Effect
After the user online-status detection function is enabled, if a user's traffic is lower than a certain threshold within the specified period
of time,the deviceautomatically disconnectsthe user, so as toavoid the economical loss incurredby constant charging to the user.
Precautions
It should be noted that if disconnecting zero-traffic users is configured, generally software such as 360 Security Guard will run on a
user terminal by default. Then such software will send packets time and again, and the device will disconnect the user only when the
user's terminal is powered off.
Configuration Method

 Configuring User Online-Status Detection


Optional configuration. A user is disconnected if the user does not involve any traffic within eight hours by default.



Performthisconfiguration on access, convergence, or coreswitchesdepending on user distribution. The configuration acts on
only the configured device instead of other devices on the network.



If the traffic threshold parameter threshold is set to 0, it indicates that zero-traffic detection will be performed.

Command

offline-detect interval interval threshold threshold
no offline-detect
default offline-detect

Parameter

interval: This parameter indicates the offline-detection interval. The value range is from 6 to 65535 in minutes on a

Description

switch or from 1 to 65535 in minutes on a non-switch device. The default value is 8 hours, that is, 480 minutes.
threshold: This parameter indicates the traffic threshold. The value range is from 0 to 4294967294 in bytes. The default
value is 0, indicating that the user is disconnected when no traffic of the user is detected.
no offline-detect: Disables the user online-status detection function.
default offline-detect: Restores the default value. In other words, an online user will be disconnected when the
device detects that the user does not have any traffic within eight hours.

Defaults

8 hours

Command

Global configuration mode

Mode
Usage Guide

Use this command to configure user online-status detection, so that a user is disconnected when its traffic is lower
than a specific threshold within a specific period of time. Use the no offline-detect command to disable the user
online-status detection function, or use the default offline-detect command to restore the default detection mode.
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Verification
Check the user online-status detection configuration using the following method:



After the user online-status detection function is enabled, power off the specified authenticated terminal after the
corresponding user gets online. Then wait for the specified period of time, and run the online user query command associated
with dot1x or Web authentication on the device to confirm that the user is already offline.

Configuration Examples
The following configuration example describes SCC-related configuration only.



Configuring User Online-Status Detection so that a User Is Disconnected if the User Does Not Have Traffic Within Five
Minutes

Scenario
Figure 4- 5

Configuration



Enable dot1x authentication on the access port Gi 0/2, and configure authentication parameters. The
authentication is MAC-based.

Steps



Configure user online-status detection so that a user is disconnected if the user does not have traffic within five
minutes.

Switch A

sw1(config)# offline-detect interval 5 threshold 0

Verification



Perform dot1x authentication using dot1x SU client for a PC in the R&D department, so that the PC gets online.
Then power off the PC, wait for 6 minutes, and run the online user query command available with dot1x
authentication on switch 1 to confirm that the user of the PC is already offline.

Switch A

sw1(config)#show running-config | include offline-detect
offline-detect interval 5
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4.5 Monitoring
Displaying
Command

Function

show direct-vlan

Displays the authentication-exemption VLAN configuration.

show nac-author-user [ interface interface-name ]

Displaysinformationabout IPv4userentriesonaspecificinterface.

Debugging
System resourcesare occupied when debugging information isoutput.Therefore, close thedebugging switch immediately after
use.
Command

Function

debug scc event

Debugs the SCC running process.

debug scc user [ mac | author | mac ]

Debugs SCC user entries.

debug scc acl-show summary
debug scc acl-show all

Debugs ACLs stored in the current SCC and delivered by various
services.
Debugs all ALCs stored in the current SCC.

5 Configuring PasswordPolicy
5.1 Overview
The Password Policy is a password security function provided for local authentication of the device. It is configured to control users'
login passwords and login states.
The following sections introduce password policy only.

5.2 Features
5.2.1 Basic Concepts



Minimum Password Length

Administrators can set a minimum length for user passwords according to system security requirements. If the password input by a
user is shorter than the minimum password length, the system does not allow the user to set this password but displays a prompt,
asking the user to specify another password of an appropriate length.



Strong Password Detection

The less complex a password is, the more likely it is to crack the password. For example, a password that is the same as the
corresponding account or a simple password that contains only characters or digits may be easily cracked. For the sake of security,
administrators can enable the strong password detection function to ensure that the passwords set by users are highly complex. After
the strong password detection function is enabled, a prompt will be displayed for the following types of passwords:
1.

Passwords that are the same as corresponding accounts;

2.

Simple passwords that contain characters or digits only.
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Special Character Check

Specialcharacters include ~`!@#$%^&*()_+-={}|[]\:”;’<>,./ and space. The password only containing special characters is easy to be
cracked. After enabling special character check, the password can not consist of only special characters. After enabling strong
password check, a prompt will be displayed when the password only contains special characters.



Password Life Cycle

The password life cycle defines the validity time of a user password. When the service time of a password exceeds the life cycle, the
user needs to change the password.
If the user inputs a password that has already expired during login, the system will give a prompt, indicating that the password has
expired and the user needs to reset the password. If the new password input during password resetting does not meet system
requirements or the new passwords consecutively input twice are not the same, the system will ask the user to input the new
password once again.



Guard Against Repeated Use of Passwords

When changing the password, the user will set a new password while the old password will be recorded as the user's history records. If
the new password input by the user has been used previously, the system gives an error prompt and asks the user to specify another
password.
The maximum number of password history records per user can be configured. When the number of password history records of a
user is greater than the maximum number configured for this user, the new password history record will overwrite the user's oldest
password history record.



Storage of Encrypted Passwords

Administrators can enable the storage of encrypted passwords for security consideration. When administrators run the show
running-config command to display configuration or run the write command to save configuration files, various user-set passwords
are displayed in the cipher text format. If administrators disable the storage of encrypted passwords next time, the passwords already
in cipher text format will not be restored to plaintext passwords.

5.3 Configuration
Configuration

Description and Command
Optional configuration, which is used to configure a combination of parameters related to the
password security policy.
password policy life-cycle

Configures the password life cycle.

password policy min-size

Configures the

minimum length

of user

passwords.
Configuring

the

Password password policy no-repeat-times

Sets the no-repeat times of latest password
configuration, so that the passwords specified

Security Policy

in these times of latest password configuration
can no longer be used in future password
configuration.
password policy strong

Enables

the

strong

password detection

function.
password policy printable-character-check

www.fs.com
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service password-encryption

Sets the storage of encrypted passwords.

5.3.1 Configuring the Password Security Policy

Networking Requirements



Provide a password security policy for local authentication of the device. Users can configure different password security
policies to implement password security management.

Notes



The configured password security policy is valid for global passwords (configured using the commands enable password and
enable secret) and local user passwords (configured using the username name password password command). It is invalid for
passwords in Line mode.

Configuration Steps



Configuring the Password Life Cycle



Optional



Perform this configuration on each device that requires the configuration of a password life cycle unless otherwise stated.



Configuring the Minimum Length of User Passwords



Optional



Perform this configuration on each device that requires a limit on the minimum length of user passwords unless otherwise
stated.



Setting the No-Repeat Times of Latest Password Configuration



Optional



Perform this configuration on each device that requires a limit on the no-repeat times of latest password configuration unless
otherwise stated.



Enabling the Strong Password Detection Function



Optional



Perform this configuration on each device that requires strong password detection unless otherwise stated.



Enabling the Special Character Check



Optional



Perform this configuration on each device that requires strong password detection unless otherwise stated.



Setting the Storage of Encrypted Passwords



Optional



Perform this configuration on each device that requires the storage of passwords in encrypted format unless otherwise stated.

Verification

www.fs.com

1768

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Configure a local user on the device, and configure a valid password and an invalid password for the user.



When you configure the valid password, the device correctly adds the password.



When you configure the invalid password, the device displays a corresponding error log.

Related Commands



Configuring the Password Life Cycle

Command

password policy life-cycle days

Syntax
Parameter

life-cycle days: Indicates the password life cycle in the unit of days. The value range is from 1 to 65535.

Description
Command

Global configuration mode

Mode
Usage Guide

The password life cycle is used to define the validity period of user passwords. If the user logs in with a password
whose service time already exceeds the life cycle, a prompt is given, asking the user to change the password.



Configuring the Minimum Length of User Passwords

Command

password policy min-size length

Syntax
Parameter

min-size length: Indicates the minimum length of passwords. The value range is from 1 to 31.

Description
Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the minimum length of passwords. If the minimum length of passwords is not
configured, users can input a password of any length.



Setting the No-Repeat Times of Latest Password Configuration

Command

password policy no-repeat-times times

Syntax
Parameter

no-repeat-times times: Indicates the no-repeat times of latest password configuration. The value range is from 1 to

Description

31.

Command

Global configuration mode

Mode
Usage Guide

After this function is enabled, all old passwords used in the several times of latest password configuration will be
recorded as the user's password history records. If the new password input by the user has been used previously, the
system gives an error prompt and the password modification fails.
Youcan configure the maximum number of password history records per user.Whenthe number of password history
records of a user is greater than the maximum number configured for the user, the new password history record will
overwrite the user's oldest password history record.



Enabling the Strong Password Detection Function

Command

password policy strong

Syntax

www.fs.com
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Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

After the strong password detection function is enabled, a prompt is displayed for the following types of passwords:
1.

Passwords that are the same as corresponding accounts;

Simple passwords that contain characters or digits only.



Enabling the Special Character Check

Command

password policy printable-character-check

Syntax
Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

After the special character check is enabled, a prompt is displayed for the password containing only special
characters.



Setting the Storage of Encrypted Passwords

Command

service password-encryption

Syntax
Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide

Before the storage of encrypted passwords is set, all passwords used in the configuration process will be displayed
and stored in plaintext format, unless the passwords are configured in cipher text format. Youcan enable the storage
of encrypted passwords for security consideration. When you run the show running-config command to display
configuration or run the write command to save configuration files, various user-set passwords are displayed in the
cipher text format. If you disable the storage of encrypted passwords next time, the passwords already in cipher text
format will not be restored to plaintext passwords.



Checking User-Configured Password Security Policy Information

Command

show password policy

Syntax
Parameter

-

Description
Command

Privileged EXEC mode/ Global configuration mode/ Interface configuration mode

Mode
Usage Guide

Use this command to display the password security policy configured on the device.

Configuration Examples
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The following configuration example describes configuration related to a password security policy.



Configuring Password Security Check on the Device

Typical
Application

Configuration
Steps

Assume that the following password security requirements arise in a network environment:
1.

The minimum length of passwords is 8 characters;

2.

The password life cycle is 90 days;

3.

Passwords are stored and transmitted in cipher text format;

4.

The number of no-repeat times of password history records is 3;

5.

Passwords shall not be the same as user names, and shall not contain simple characters or digits only.



Set the minimum length of passwords to 8.



Set the password life cycle to 90 days.



Enable the storage of encrypted passwords.



Set the no-repeat times of password history records to 3.



Enable the strong password detection function.

FS# configure terminal
FS(config)# password policy min-size 8
FS(config)# password policy life-cycle 90
FS(config)# service password-encryption
FS(config)# password policy no-repeat-times 3
FS(config)# password policy strong
Verification

When you create a user and the corresponding password after configuring the password security policy, the system
will perform relevant detection according to the password security policy.



Run the show password policy command to displayuser-configured passwordsecurity policy information.

FS# show password policy
Global password policy configurations:
Password encryption:

Enabled

Password strong-check:

Enabled

Password min-size:

Enabled (8 characters)

Password life-cycle:
Password no-repeat-times:

Enabled (90 days)
Enabled (max history record: 3)

Common Errors



The time configured for giving a pre-warning notice about password expiry to the user is greater than the password life cycle.
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5.4 Monitoring
Displaying the

Running

Status
Command

Function

show password policy

Displays user-configured password security policy information.

6 Configuring Storm Control
6.1 Overview
When a local area network (LAN) has excess broadcast data flows, multicast data flows, or unknown unicast data flows, the network
speed will slow down and packet transmission will have an increased timeout probability. This situation is called a LAN storm. A storm
may occur when topology protocol execution or network configuration is incorrect.
Storm control can be implemented to limit broadcast data flows, multicast data flows, or unknown unicast data flows. If the rate of
data flows received by a device port is within the configured bandwidth threshold, packets-per-second threshold, or kilobitsper-second threshold, the data flows are permitted to pass through. If the rate exceeds the thresholds, excess data flows are
discarded until the rate falls within the thresholds. This prevents flood data from entering the LAN causing a storm.

6.2 Applications
Application

Description

Network Attack Prevention

Enable storm control to prevent flooding.

6.2.1 Network Attack Prevention

Scenario
The application requirements of network attack prevention are described as follows:



Protect devices from flooding of broadcast packets, multicast packets, or unknown unicast packets.

Figure 6-1

Remarks

Switch A and Switch B are access devices.
PC 1, PC 2, PC 3, and PC 4 are desktop computers.

Deployment
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1772

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Enable storm control on the ports of all access devices (Switch A and Switch B).

6.3 Features
Basic Concepts



Storm Control

If the rate of data flows (broadcast packets, multicast packets, or unknown unicast packets) received by a device port is within the
configuredbandwidth threshold, packets-per-second threshold,or kilobits-per-second threshold, thedataflowsarepermittedtopass
through. If the rate exceeds the thresholds, excess data flows are discarded until the rate falls within the thresholds.



Storm Control Based on the Bandwidth Threshold

If the rate of data flows received by a device port is within the configured bandwidth threshold, the data flows are permitted to pass
through. If the rate exceeds the threshold, excess data flows are discarded until the rate falls within the threshold.



Storm Control Based on the Packets-per-Second Threshold

If the rate of data flows received by a device port is within the configured packets-per-second threshold, the data flows are permitted
to pass through. If the rate exceeds the threshold, excess data flows are discarded until the rate falls within the threshold.



Storm Control Based on the Kilobits-per-Second Threshold

If the rate of data flows received by a device port is within the configured kilobits-per-second threshold, the data flows are permitted
to pass through. If the rate exceeds the threshold, excess data flows are discarded until the rate falls within the threshold.
Overview
Feature

Description

Unicast Packet Storm

Limits unknown unicast packets to prevent flooding.

Control
Multicast Packet Storm Limits multicast packets to prevent flooding.
Control
Broadcast Packet Storm Limits broadcast packets to prevent flooding.
Control
6.3.1 Unicast Packet Storm Control

The unicast packet storm control feature monitors the rate of unknown unicast data flows received by a device port to limit LAN traffic
and prevent flooding caused by excess data flows.
Working Principle
If the rate of unknown unicast data flows received by a device port is within the configured bandwidth threshold, packets-per-second
threshold, or kilobits-per-second threshold, the data flows are permitted to pass through. If the rate exceeds the thresholds, excess
data flows are discarded until the rate falls within the thresholds.
Related Configuration



Enabling Unicast Packet Storm Control on Ports

www.fs.com
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By default, unicast packet storm control is disabled on ports.
Runthestorm-controlunicast[{levelpercent|ppspackets|rate-bps}]commandtoenableunicastpacketstormcontrolonports.
Run theno storm-controlunicast or default storm-controlunicast command to disableunicast packetstormcontrol on ports.
The default command parameters are determined by related products.
6.3.2 Multicast Packet Storm Control

The multicast packet storm control feature monitors the rate of multicast data flows received by a device port to limit LAN traffic and
prevent flooding caused by excess data flows.
Working Principle
If the rate of multicast data flows received by a device port is within the configured bandwidth threshold, packets-per-second
threshold, or kilobits-per-second threshold, the data flows are permitted to pass through. If the rate exceeds the thresholds, excess
data flows are discarded until the rate falls within the thresholds.
Related Configuration

 Enabling Multicast Packet Storm Control on Ports
By default, multicast packet storm control is disabled on ports.
Run the storm-control multicast [ { level percent | pps packets | rate-bps } ] command to enable multicast packet storm control on
ports.
Run the no storm-control multicast or default storm-control multicast command to disable multicast packet storm control on
ports.
The default command parameters are determined by related products.
6.3.3 Broadcast Packet Storm Control

The broadcast packet storm control feature monitors the rate of broadcast data flows received by a device port to limit LAN traffic and
prevent flooding caused by excess data flows.
Working Principle
If the rate of broadcast data flows received by a device port is within the configured bandwidth threshold, packets-per-second
threshold, or kilobits-per-second threshold, the data flows are permitted to pass through. If the rate exceeds the thresholds, excess
data flows are discarded until the rate falls within the thresholds.
Related Configuration



Enabling Broadcast Packet Storm Control on Ports

By default, broadcast packet storm control is disabled on ports.
Run the storm-control broadcast [ { level percent | pps packets | rate-bps } ] command to enable broadcast packet storm control on
ports.
Run the no storm-control broadcast or default storm-control broadcast command to disable broadcast packet storm control on
ports.
The default command parameters are determined by related products.
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6.4 Configuration
Configuration

Description and Command

Configuring Basic Functions of

(Mandatory) It is used to enable storm control.
storm-control { broadcast | multicast | unicast}

Storm Control

[ { level percent | pps packets | rate-bps} ]

Enables storm control.

6.4.1 Configuring Basic Functions of Storm Control

Configuration Effect



Prevent flooding caused by excess broadcast packets, multicast packets, and unknown unicast packets.

Notes



When you run a command (for example, storm-control unicast) to enable storm control, if you do not set the parameters, the
default values are used.

Configuration Steps



Enabling Unicast Packet Storm Control



Mandatory.



Enable unicast packet storm control on every device unless otherwise specified.



Enabling Multicast Packet Storm Control



Mandatory.



Enable multicast packet storm control on every device unless otherwise specified.



Enabling Broadcast Packet Storm Control



Mandatory.



Enable broadcast packet storm control on every device unless otherwise specified.

Verification



Run the show storm-control command to check whether the configuration is successful.

Related Commands



Enabling Unicast Packet Storm Control

Command

storm-control unicast [ { level percent | pps packets | rate-bps} ]

Parameter

level percent: Indicates the bandwidth percentage.

Description

pps packets: Indicates the number of packets per second.
rate-bps: Indicates the packet rate.

Command

Interface configuration mode

Mode
Usage Guide
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Enabling Multicast Packet Storm Control

Command

storm-control multicast [ { level percent | pps packets | rate-bps } ]

Parameter

level percent: Indicates the bandwidth percentage.

Description

pps packets: Indicates the number of packets per second.
rate-bps: Indicates the packet rate.

Command

Interface configuration mode

Mode
Usage Guide



Storm control can be enabled only on switch ports.

Enabling Broadcast Packet Storm Control

Command

storm-control broadcast [ { level percent | pps packets | rate-bps } ]

Parameter

level percent: Indicates the bandwidth percentage.

Description

pps packets: Indicates the number of packets per second.
rate-bps: Indicates the packet rate.

Command

Interface configuration mode

Mode
Usage Guide

Storm control can be enabled only on switch ports.

Configuration Example



Enabling Storm Control on Devices

Scenario
Figure 6-2

Configuration



Enable storm control on Switch A and Switch B.

Step
Switch A

FS(config)#interface range gigabitEthernet 0/5,0/9,0/13
FS(config-if-range)#storm-control broadcast
FS(config-if-range)#storm-control multicast
FS(config-if-range)#storm-control unicast

Switch B

FS(config)#interface range gigabitEthernet 0/1,0/5,0/9
FS(config-if-range)#storm-control broadcast
FS(config-if-range)#storm-control multicast
FS(config-if-range)#storm-control unicast
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Verification

Check whether storm control is enabled on Switch A and Switch B.

Switch A

FS# sho storm-control
Interface

Broadcast Control Multicast Control Unicast Control Action

------------------------- ----------------- ----------------- --------------- --------

Switch B

GigabitEthernet 0/1

Disabled

Disabled

Disabled

none

GigabitEthernet 0/5

default

default

default

none

GigabitEthernet 0/9

default

default

default

none

GigabitEthernet 0/13

default

default

default

none

FS#sho storm-control
Interface

Broadcast Control Multicast Control Unicast Control Action

------------------------- ----------------- ----------------- --------------- -------GigabitEthernet 0/1

default

default

default

none

GigabitEthernet 0/5

default

default

default

none

GigabitEthernet 0/9

default

default

default

none

6.5 Monitoring
Displaying
Description

Command

Displays storm control information.

show storm-control [ interface-type interface-number ]

7 Configuring SSH
7.1 Overview
Secure Shell (SSH) connection is similar to a Telnet connection except that all data transmitted over SSH is encrypted. When a user in
an insecure network environment logs into a device remotely, SSH helps ensure information security and powerful authentication,
protecting the device against attacks such as IP address spoofing and plain-text password interception.
AnSSH-capabledevicecan beconnected tomultipleSSHclients.Inaddition,thedevicecanalsofunctionas anSSHclient, and allows
users to set up an SSH connection with a SSH-server device. In this way, the local device can safely log in to a remote device through
SSH to implement management.
Currently, a device can work as either the SSH server or an SSH client, supportingSSHv1 and SSHv2 versions. FS SSH service
supports both IPv4 and IPv6.
Unless otherwise specified, SSH in this document refers to SSHv2.
Protocols and Standards
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RFC 4251: The Secure Shell (SSH) Protocol Architecture



RFC 4252: The Secure Shell (SSH) Authentication Protocol



RFC 4253: The Secure Shell (SSH) Transport Layer Protocol



RFC 4254: The Secure Shell (SSH) Connection Protocol



RFC 4419: Diffie-Hellman Group Exchange for the Secure Shell (SSH) Transport Layer Protocol



RFC 4716: The Secure Shell (SSH) Public Key File Format



RFC 4819: Secure Shell Public Key Subsystem



RFC 3526: More Modular Exponential (MODP) Diffie-Hellman groups for Internet Key Exchange (IKE)



RFC 2409: The Internet Key Exchange (IKE)



RFC 1950: ZLIB Compressed Data Format Specification version 3.3



draft-ietf-secsh-filexfer-05: SSH File Transfer Protocol



draft-ylonen-ssh-protocol-00: The version of the SSH Remote Login Protocol is 1.5. Comware implements the SSH server
functions, but not the SSH client functions.

7.2 Applications
Application

Description

SSH Device Management

Use SSH to manage devices.

SSH Local Line Authentication

Use the local line password authentication for SSH user authentication.

SSH AAA Authentication

Use the authentication, authorization and accounting (AAA) mode for SSH user
authentication.

SSH Public Key Authentication

Use the public key authentication for SSH user authentication.

SSH File Transfer

Usethe SecureCopy (SCP) commands on theclient to exchange data withthe SSH server.

SSH Client Application

Use the SSH client to safely log in to a remote device for management.

7.2.1 SSH Device Management

Scenario
Youcan use SSH to manage devices on the precondition that the SSH server function is enabled. By default, this function is disabled.
The Telnet component that comes with the Windows system does not support SSH. Therefore, a third-party client software must be
used. Currently, well-compatible software includes PuTTY, Linux, and SecureCRT. The following takes the PuTTY as an example to
introduce the configurations of the SSH client. Figure 7- 1 shows the network topology.
Figure 7- 1 Networking Topology of SSH Device Management

Deployment
Configure the SSH client as follows:
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Start the PuTTYsoftware.



On the Session option tab of PuTTY, type in the host IP address of the SSH server and SSH port number 22, and select the
connection type SSH.



On the SSH option tab of PuTTY, select the preferred SSH protocol version 2.



On the SSH authentication option tab of PuTTY, select the authentication method Attempt "keyboard-interactive" auth.



Click Open to connect to the SSH server.



Type in the correct user name and password to enter the terminal login interface.

7.2.2 SSH Local Line Authentication

Scenario
SSH clients can use the local line password authentication mode, as shown in Figure 7-2.To ensure security of data exchange, PC 1
and PC 2 function as the SSH clients, and use the SSH protocol to log in to the network device where the SSH server function is
enabled. The requirements are as follows:



SSH users use the local line password authentication mode.



Five lines, including Line 0 to Line 4, are activated concurrently. The login password is "passzero" for Line 0 and "pass" for the
remaining lines. Any user name can be used.

Figure 7- 2 Networking Topology of SSH Local Line Password Authentication

Deployment



Configure the SSH server as follows:

1.

Enable the SSH server function globally. By default, the SSH server supports two SSH versions: SSHv1 and SSHv2.

2.

Configure the key. With this key, the SSH server decrypts the encrypted password received from the SSH clients, compares the
decrypted plain text with the password stored on the server, and returns a message indicating the successful or unsuccessful
authentication. SSHv1 uses an RSA key, whereas SSHv2 adopts an RSA or DSA key.

3.

Configure the IP address of the FastEthernet 0/1 interface on the SSH server. The SSH client is connected to the SSH server using
this IP address. The routes from the SSH clients to the SSH server are reachable.



Configure the SSH client as follows:

Diversified SSH client software is available, including PuTTY,Linux, and OpenSSH. This document takes PuTTY as an example to explain
the method for configuring the SSH clients.
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1.

Open the PuTTY connection tab, and select SSHv1 for authenticated login. (The method is similar if SSHv2 is selected.)

2.

Set the IP address and connected port ID of the SSH server. As shown in the network topology, the IP address of the server is
192.168.23.122, and the port ID is 22. Click Open to start the connection. As the current authentication mode does not require a
user name, you can type in any user name, but cannot be null. (In this example, the user name is "anyname".)

7.2.3 SSH AAA Authentication

Scenario
SSH userscanuse the AAA authentication mode for user authentication, as shown in Figure 7-3.To ensuresecurity of data exchange,
the PCs function as the SSH clients, and uses the SSH protocol to log in to the network device where the SSH server is enabled. To
better perform security management, the AAA authentication mode is used for user login on the SSH clients. Two authentication
methods, including Radius server authentication and local authentication, are provided in the AAA authentication method list to
ensure reliability. The Radius server authentication method is preferred. If the Radius server does not respond, it turns to the local
authentication.
Figure 7- 3 Networking Topology of SSH AAA Authentication

Deployment



The routes from the SSH clients to the SSH server are reachable, and the route from the SSH server to the Radius server is also
reachable.



Configure the SSH server on the network device that functions as an SSH client.



Configure the AAA parameters on the network device. When the AAA authentication mode is used, method lists are created to
define the identity authentication and types, and applied to a specified service or interface.

7.2.4 SSH Public Key Authentication

Scenario
SSHclients can usethe publickeys for authentication, and thepublic keyalgorithm can be RSA or DSA, as shown inFigure 7-4.SSH is
configured on the client so that a secure connection is set up between the SSH client and the SSH server.
Figure 7- 4 Network Topology for Public Key Authentication of SSH Users
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Deployment



Toimplement public key authentication for the client, generate a key pair (RSA or DSA) on the client, configure the public key on
the SSH server, and select the public key authentication mode.



After the key is generated on the client, the SSH server will copy the file of the public key from the client to the flash and
associates the file with the SSH user name. Each user can be associated withone RSA public key and one DSA public key.

7.2.5 SSH File Transfer

Scenario
The SCP service is enabled on the server, and SCP commands are used on the client to transfer data to the server, as shown in Figure
7- 5.
Figure 7- 5 Networking Topology of SSH File Transfer

Deployment



Enable the SCP service on the server.



On the client, use SCP commands to upload files to the server, or download files from the server.

7.2.6 SSH Client Application

Scenario
The SSH serviceisenabled on a remoteSSH server, and the ssh command isusedon the local client toset up an SSH connection with
the server for secure data transmission, as shown in Figure 7- 6.
Figure 7- 6 Networking Topology of SSH Client Application

Deployment



Enable the SSH service on the server.



On the client, run the ssh command to set up an SSH connection with the server for secure data transmission.
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7.3 Features
Basic Concepts



User Authentication Mechanism



Password authentication

During the password authentication, a client sends a user authentication request and encrypted user name and password to the
server. The server decrypts the received information, compares the decrypted information with those stored on the server, and then
returns a message indicating the successful or unsuccessful authentication.



Public key authentication

During the public key authentication, digital signature algorithms, such as RSA and DSA, are used to authenticate a client. The client
sends a public key authentication request to the server. This request contains information including the user name, public key, and
public key algorithm. On receiving the request, the server checks whether the public key is correct. If wrong, the server directly sends
an authentication failure message. If right, the server performs digital signature authentication on the client, and returns a message
indicating the successful or unsuccessful authentication.
Public key authentication is applicable only to the SSHv2 clients.



SSH Communication

To ensure secure communication, interaction between an SSH server and an SSH client undergoes the following seven stages:



Connection setup

The server listens on Port 22 to the connection request from the client. After originating a socket initial connection request, the client
sets up a TCP socket connection with the server.



Version negotiation

If the connection is set up successfully, the server sends a version negotiation packet to the client. On receiving the packet, the client
analyzes the packet and returns a selected protocol version to the server. The server analyzes the received information to determine
whether version negotiation is successful.



Key exchange and algorithm negotiation

If version negotiation is successful, key exchange and the algorithm negotiation are performed. The server and the client exchange
the algorithm negotiation packet with each other, and determine the final algorithm based on their capacity. In addition, the server
and the client work together to generate a session key and a session ID according to the key exchange algorithm and host key, which
will be applied to subsequent user authentication, data encryption, and data decryption.



User authentication

After the encrypted channel is set up, the client sends an authentication request to the server. The server repeatedly conducts
authentication for the client until the authentication succeeds or the server shuts down the connection because the maximum
number of authentication attempts is reached.



Session request

Afterthesuccessful authentication, theclient sendsa sessionrequest totheserver.The server waitsand processesthe client request.
After the session request is successfully processed, SSH enters the session interaction stage.



Session interaction
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After the session request is successfullyprocessed, SSH enters the session interaction stage. Encrypted data can be transmitted and
processed in both directions. The client sends a command to be executed to the client. The server decrypts, analyzes, and processes
the received command, and then sends the encrypted execution result to the client. The client decrypts the execution result.



Session ending

When the interaction between the server and the client is terminated, the socket connection disconnects, and the session ends.
Overview
Feature

Description

SSH Server

Enable the SSH server function on a network device, and you can set up a secure connection with the
network device through the SSH client.

SCP Service

After the SCP service is enabled, you can directly download files from the network device and upload local
files to the network device. In addition, all interactive data is encrypted, featuring authentication and
security.

SSH Client

Youcan use the SSH client on the device to set up a secure connection with the SSH server on a network
device.

7.3.1 SSH Server

Enable the SSH server function on a network device, and you can set up a secureconnection with the network devicethrough the SSH
client. You can also shut down the SSH server function to disconnect from all SSH clients.
Working Principle
Fordetailsabout theworkingprincipleof theSSHserver,seethe"SSHCommunication"in"BasicConcepts."Inpractice,after enabling
the SSH server function, you can configure the following parameters according to the application requirements:



Version: Configure the SSH version as SSHv1 orSSHv2 to connect SSH clients.



Authentication timeout: The SSH server starts the timer after receiving a user connection request. The SSH server is
disconnected from the client either when the authentication succeeds or when the authentication timeout is reached.



Maximum number of authentication retries: The SSH server starts authenticating the client after receiving its connection
request. If authentication does not succeed when the maximum number of user authentication retries is reached, a message is
sent, indicating the authentication failure.



Public key authentication: The public key algorithm can be RSA or DSA. It provides a secure connection between the client and
the server. The public key file on the client is associated with the user name. In addition, the public key authentication mode is
configured on the client, and the corresponding private key file is specified. In this way, when the client attempts to log in to the
server, public key authentication can be implemented to set up a secure connection.

Related Configuration



Enabling the SSH Server

By default, the SSH server is disabled.
In global configuration mode, run the [no] enable service ssh-server command to enable or disable the SSH server.
To generate the SSH key, you also need to enable the SSH server.



Specifying the SSH Version
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By default, the SSH server supports both SSHv1 and SSHv2, connecting either SSHv1 clients or SSHv2 clients.
Run the ip ssh version command to configure the SSH version supported by the SSH server.
If only SSHv1 or SSHv2 is configured, only the SSH client of the configured version can be connected to the SSH server.



Configuring the SSH Authentication Timeout

By default, the user authentication timeout is 120s.
Run the ip ssh time-out command to configure the user authentication timeout of the SSH server. Use the no form of the command
to restore the default timeout. The SSH server starts the timer after receiving a user connection request. If authentication does not
succeed before the timeout is reached, authentication times out and fails.



Configuring the Maximum Number of SSH Authentication Retries

By default, the maximum number of user authentication retries is 3.
Run the ip ssh authentication-retries command to configure the maximum number of user authentication retries on the SSH server.
Use the no form of the command to restore the default number of user authentication retries. If authentication still does not succeed
when the maximum number of user authentication retries is reached, user authentication fails.



Specifying the SSH Encryption Mode

By default, the encryption mode supported by the SSH server is Compatible, that is, supporting cipher block chaining (CBC), counter
(CTR) and other encryption modes.
Run the ip ssh cipher-mode command to configure the encryption mode supported by the SSH server. Use the no form of the
command to restore the default encryption mode supported by the SSH server.



Specifying the SSH Message Authentication Algorithm

By default, the message authentication algorithms supported by the SSH server are as follows: (1) For the SSHv1, no algorithm is
supported; (2) For the SSHv2, four algorithms, including MD5, SHA1, SHA1-96, and MD5-96, are supported.
Run the ip ssh hmac-algorithm command to configure the message authentication algorithm supported by the SSH server. Use the
no form of the command to restore the default message authentication algorithm supported by the SSH server.



Configuring Support for Diffie-Hellman(DH) Key Exchange Algorithm on the SSH Server

By default, FS’s SSHv2 server supports diffie-hellman-group-exchange-sha1, diffie-hellman-group14-sha1, and diffie-hellmangroup1-sha1 for keyexchange while the SSHv1 server support none. Run the ip ssh key-exchange command to configure
support for Diffie-Hellman on the SSH server. Use the no ip ssh key-exchange command to restore the default setting.



Setting ACL Filtering of the SSH Server

By default, ACL filtering is not performed for all connections to the SSH server.
Run the {ip | ipv6} ssh access-class command to perform ACL filtering for all connections to the SSH server. Run no {ip | ipv6} ssh
access-class to restore the default settings.



Enabling the Public Key Authentication on the SSH Server

Run the ip ssh peer command to associate the public key file on the client with the user name. When the client is authenticated upon
login, a public key file is specified based on the user name.
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7.3.2 SCP Service

The SSH server provides the SCP service to implement secure file transfer between the server and the client.
Working Principle



SCP is a protocol that supports online file transfer.It runs on Port 22 based on the BSC RCP protocol, whereas RCP provides the
encryption and authentication functions based on the SSH protocol. RCP implements file transfer, and SSH implements
authentication and encryption.



Assume that the SCP service is enabled on the server. When you use an SCP client to upload or download files, the SCP client
first analyzes the command parameters, sets up a connection with a remote server, and starts another SCP process based on this
connection.Thisprocessmay run insourceorsink mode. (Theprocessrunning insourcemode isthedata provider.The process
running in sink mode is the destination of data.) The process running in source mode reads and sends files to the peer end
through the SSH connection. The process running in sink mode receives files through the SSH connection.

Related Configuration



Enabling the SCP Server

By default, the SCP server function is disabled.
Run the ip scp server enable command to enable SCP server function on a network device.
7.3.3 SSH Client

The SSH client is used to set up a secure connection with a remote network device on which the SSH server runs.
Working Principle
For details about the working principle of the SSH client, see the "SSH Communication" in "Basic Concepts."
Related Configuration



Specifying the Source Interface of the SSH Client

By default, the source address of SSH packets is searched based on the destination address.
Run the ip ssh source-interface interface-name command to specify the source interface of the SSH client.



Establishing a Session with the SSH Server

Run the ssh command to log in to a remote device that supports the SSH Server



Recovering an Established SSH Session



Run the ssh-session session-id command to recover an established SSH session.



Disconnecting a Suspended SSH Session



Run the disconnect ssh-session session-id command to disconnect a specified SSH session.

7.3.4 SCP Client

The SCP client is used to support file transfer with the remote network device on which the SCP server is enabled.
Working Principle
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SCP is a protocol that supports online file transfer. It runs on Port 22 based on BSD RCP, while RCP provides the encryption and
authentication functions based on the SSH protocol. RCP implements file transfer, and SSH implements authentication and
encryption.
When you use an SCP client to upload or download files, the SCP client first parses the command parameters, sets up a connection
with a remote server, and starts another SCP process based on this connection. This process may run in source or sink mode. The
processserves as a data provider insourcemode and reads and sends files tothe peer end through the SSH connection, while serving
as the destination of data in sink mode and receives the files through the SSH connection.
Related Configuration

 Specifying Source Interface of SCP Client
By default, configure the IP address of the source interface as the source address in SSH packets.
Run the ip scp client source-interface interface-name command to specify the source interface of the SCP client.



Establishing Connection with the SCP Server via SCP Client to Implement File Transfer

Run the scp command to implement file transfer with the SSH server.

7.4 Configuration
Configuration

Description and Command
It is mandatory to enable the SSH server.
enable service ssh-server

Enables the SSH server.

disconnect ssh[vty] session-id

Disconnects an established SSH session.

crypto key generate {rsa|dsa}

Generates an SSH key.

ip ssh version {1|2}

Specifies the SSH version.

ip ssh time-out time

Configures the SSH authentication timeout.

ip ssh authentication-retries retry times
Configuring the SSH Server

Specifies the SSH encryption mode.

ip ssh hmac-algorithm{md5 | md5-96 | sha1 |

Specifies the SSH message authentication

sha1-96}

algorithm.
ssh

key-exchange

{ dh_group_exchange_sha1 | dh_group14_sha1
| dh_group1_sha1 }
{ip | ipv6} ssh access-class
{ access-list-number | access-list-name }
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Configures support for Diffie-Hellman on the
SSH server.
Enables ACL filtering of the SSH server.

ip ssh peer test public-key rsa flash :rsa.pub

Associates an RSA public key file with a user.

ip ssh peer test public-key dsa flash:dsa.pub

Associates a DSA public key file with a user.

Mandatory.
ip scp server enable

Configuring the SSH Client

authentication retries.

ip ssh cipher-mode{cbc | ctr | others }

ip

Configuring the SCP Service

Configures the maximum number of SSH

Enables the SCP server.

(Optional)It is used to set up a secure connection with a remote network device that supports
the SSH server.
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Configuration

Description and Command
ip ssh source-interface interface-name

Specifiesthe sourceinterfaceof the SSH client.

ssh [oob] [-v {1 | 2 }][-c {3des | aes128-cbc |
aes192-cbc | aes256-cbc }] [-l username ][-m
{hmac-md5-96 | hmac-md5-128 | hmac-sha196 | hmac-sha1-160 }] [-p port-num ]{ ip-addr|
hostname}[ via mgmt-name ][/source {ipA.B.C.D

Establishes an encrypted session witha remote
network device.

| ipv6 X:X:X:X::X | interface interface-name}]
[/vrf vrf-name]
7.4.1 Configuring the SSH Server

Configuration Effect



Enable the SSH server function on a network device so that you can set up a secure connection with a remote network device
through the SSH client. All interactive data is encrypted before transmitted, featuring authentication and security.



Youcan usediversifiedSSHuserauthentications modes,including locallinepasswordauthentication, AAA authentication,and
public key authentication.



You can generate or delete an SSH key.



You can specify the SSH version.



You can configure the SSH authentication timeout.



You can configure the maximum number of SSH authentication retries.



You can specify the SSH encryption mode.



You can specify the SSH message authentication algorithm.



You can specify ACL filtering of the SSH server.

Notes



The precondition of configuring a device as the SSH server is that communication is smooth on the network that the device
resides, and the administrator can access the device management interface to configure related parameters.



The no crypto key generate command does not exist. You need to run the crypto key zeroize command to delete a key.



The SSH module does not support hot standby. Therefore, for products that supports hot standby on the supervisor modules, if
no SSH key file exist on the new active module after failover, you must run the crypto key generate command to re-generate a
key before using SSH.

Configuration Steps



Enablingthe SSH Server



Mandatory.



Bydefault, the SSHserver is disabled. In global configurationmode, enable theSSH server and generatean SSH key sothat the
SSH server state changes to ENABLE.



Specifying the SSH Version



Optional.
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By default, the SSH server supports SSHv1 and SSHv2, connecting either SSHv1 or SSHv2clients. If only SSHv1 or SSHv2 is
configured, only the SSH client of the configured version can be connected to the SSH server.



Configuring the SSH Authentication Timeout



Optional.



By default, the SSH authentication timeout is 120s. You can configure the user authentication timeout as required. The value
ranges from 1 to 120. The unit is second.



Configuring the Maximum Number of SSH Authentication Retries



Optional.



Configure the maximum number of SSH authentication retries to prevent illegal behaviors such as malicious guessing. By
default, the maximum number of SSH authentication retries is 3, that is, a user is allowed to enter the user name and password
three times for authentication. You can configure the maximum number of retries as required. The value ranges from 0 to 5.



Specifying the SSH Encryption Mode



Optional.



Specify the encryption mode supported by the SSH server. By default, the encryption mode supported by the SSH server is
Compatible, that is, supporting CBC, CTR and other encryption modes.



Specifying the SSH Message Authentication Algorithm



Optional.



Specifythemessage authenticationalgorithmsupported by the SSHserver.By default,themessageauthentication algorithms
supported by the SSH server are as follows: (1) For the SSHv1, no algorithm is supported; (2) For the SSHv2, four algorithms,
including MD5, SHA1, SHA1-96, and MD5-96, are supported.



Setting ACL Filtering of the SSH Server



Optional.



Set ACL filtering of the SSH server. By default, ACL filtering is not performed for all connections to the SSH server. According to
needs, set ACL filtering to perform for all connections to the SSH server.



Enabling the Public Key Authentication for SSH Users



Optional.



Only SSHv2 supports authentication based on the public key. This configuration associates a public key file on the client with a
user name. When a client is authenticated upon login, a public key file is specified based on the user name.

Verification



Run the show ip ssh command to display the current SSH version, authentication timeout, and maximum number of
authentication retries of the SSH server.



Run the show crypto key mypubkey command to display the public information of the public key to verify whether the key
has been generated.
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Configure the public key authentication login mode on the SSH client and specify the private key file. Check whether you can
successfullylog in to theSSH server fromthe SSH client. If yes, thepublic key file on the client is successfullyassociatedwith the
user name, and public key authentication succeeds.

Related Commands



Enabling the SSH Server

Command

enable service ssh-server

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Todisable the SSH server, run the no enable service ssh-server command in global configuration mode. After this
command is executed, the SSH server state changes to DISABLE.



Disconnecting an Established SSH Session

Command

disconnect ssh[vty] session-id

Parameter

vty: Indicates an established virtual teletype terminal (VTY) session.

Description

session-id: Indicates the ID of the established SSH session. The value ranges from 0 to 35.

Command

Privileged EXEC mode

Mode
Usage Guide

Specify an SSH session ID to disconnect the established SSH session. Alternatively, specify a VTY session ID to
disconnect a specified SSH session. Only an SSH session can be disconnected.



Generating an SSH Key

Command

crypto key generate {rsa|dsa}

Parameter

rsa: Generates an RSA key.

Description

dsa: Generates a DSA key.

Command

Global configuration mode

Mode
Usage Guide

The no crypto key generate command does not exist.Youneed to run the crypto key zeroize command to delete a
key.
SSHv1 uses an RSA key, whereas SSHv2 uses an RSA or DSA key.
If an RSA key is generated, both SSHv1 and SSHv2 are supported. If only a DSA key is generated, only SSHv2 can use
the key.



Specifying the SSH Version

Command

ip ssh version {1|2}

Parameter

1: Indicates that the SSH server only receives the connection requests sent by SSHv1 clients.

Description

2: Indicates that the SSH server only receives the connection requests sent by SSHv2 clients.

Command

Global configuration mode

Mode
Usage Guide

Run the no ip ssh version command to restore the default settings. By default, the SSH server supports both SSHv1
and SSHv2.
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Configuring the SSH Authentication Timeout

Command

ip ssh time-out time

Parameter

time: Indicates the SSH authentication timeout. The value ranges from 1 to 120. The unit is second.

Description
Command

Global configuration mode

Mode
Usage Guide



Run the no ip ssh time-out command to restore the default SSH authentication timeout, which is 120s.

Configuring the Maximum Number of SSH Authentication Retries

Command

ip ssh authentication-retries retry times

Parameter

retry times: Indicates the maximum number of user authentication retries. The value ranges from 0 to 5.

Description
Command

Global configuration mode

Mode
Usage Guide

Run the no ip ssh authentication-retries command to restore the default number of user authentication retries,
which is 3.



Specifying the SSH Encryption Mode

Command

ip ssh cipher-mode{cbc | ctr | others }

Parameter

cbc: Sets the encryption mode supported by the SSH server to the CBC mode. Corresponding algorithms include

Description

DES-CBC,3DES-CBC,AES-128-CBC,AES-192-CBC,AES-256-CBC, and Blowfish-CBC.
ctr: Sets the encryption mode supported by the SSH server to the CTR mode. Corresponding algorithms include
AES128-CTR, AES192-CTR, and AES256-CTR.
others: Sets the encryption mode supported by the SSH server to others. The corresponding algorithm is RC4.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the encryption mode supported by the SSH server.
On FS devices, the SSHv1 server supports the DES-CBC, 3DES-CBC, and Blowfish-CBC encryption algorithms; the
SSHv2 server supports the AES128-CTR, AES192-CTR, AES256-CTR, DES-CBC, 3DES-CBC, AES-128-CBC, AES-192-CBC,
AES-256-CBC, Blowfish-CBC, and RC4 encryption algorithms. These algorithms can be grouped into three encryption
modes: CBC, CTR, and others.
As the cryptography continuously develops, it is approved that encryption algorithms in the CBC and others modes
can be decrypted in a limited period of time. Therefore, organizations or companies that have high security
requirements can set the encryption mode supported by the SSH server to CTR to increase the security level of the
SSH server.



Specifying the SSH Message Authentication Algorithm

Command

ip ssh hmac-algorithm{md5 | md5-96 | sha1 | sha1-96}

Parameter

md5: Indicates that the message authentication algorithm supported by the SSH server is MD5.

Description

md5-96: Indicates that the message authentication algorithm supported by the SSH server is MD5-96.
sha1: Indicates that the message authentication algorithm supported by the SSH server is SHA1.
sha1-96: Indicates that the message authentication algorithm supported by the SSH server is SHA1-96.

Command
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Mode
Usage Guide

This command is used to configure the message authentication algorithm supported by the SSH server.
On FS devices, the SSHv1 server does support any message authentication algorithm; the SSHv2 server supports the
MD5, SHA1, SHA1-96, and MD5-96 message authentication algorithms. You can select message authentication
algorithms supported by the SSH server as required.



Configuring Support for DH Key Exchange Algorithm on the SSH Server

Command

ip ssh key-exchange { dh_group_exchange_sha1 | dh_group14_sha1 | dh_group1_sha1 }

Parameter

dh_group_exchange_sha1: Indicates configuration of diffie-hellman-group-exchange-sha1 for keyexchange. The

Description

key has 2,048 bytes, which cannot be edited.
dh_group14_sha1: Indicates configuration of diffie-hellman-group14-sha1 for keyexchange. The key has 2,048
bytes.
dh_group1_sha1: Indicates configuration of diffie-hellman-group1-sha1 for keyexchange. The key has 1,024 bytes.

Command

Global configuration mode

Mode
Usage Guide

Use this command to configure a DH key exchange method on the SSH.
FS’s SSHv1 server does not support DH key exchange method, while the SSHv2 server supports diffiehellman-group-exchange-sha1, diffie-hellman-group14-sha1, and diffie-hellman-group1-sha1 for keyexchange.



Configuring ACL Filtering of the SSH Server

Command

{ip | ipv6} ssh access-class { access-list-number | access-list-name }

Parameter

access-list-number: Indicates the ACL number and the number range is configurable. The standard ACL number

Description

ranges are 1 to 99 and 1300 to 1999. The extended ACL number ranges are 100 to 199 and 2000 to 2699.
Only IPv4 addresses are supported.
access-list-name: Indicates an ACL name. Both IPv4 and IPv6 addresses are supported.

Command

Global configuration mode

Mode
Usage Guide

Run this command to perform ACL filtering for all connections to the SSH server. In line mode, ACL filtering is
performed only for specific lines. However, ACL filtering rules of the SSH are effective to all SSH connections.



Configuring RSA Public Key Authentication

Command

ip ssh peer test public-key rsaflash:rsa.pub

Parameter

test: Indicates the user name.

Description

rsa: Indicates that the public key type is RSA.
rsa.pub: Indicates the name of a public key file.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the RSA public key file associated with user test.
Only SSHv2 supports authentication based on the public key. This command associates the public key file on the
client with the user name. When the client is authenticated upon login, a public key file is specified based on the user
name.



Configuring DSA Public Key Authentication
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Command

ip ssh peer test public-key dsaflash:dsa.pub

Parameter

test: Indicates the user name.

Description

dsa: Indicates that the public key type is DSA.
dsa.pub: Indicates the name of a public key file.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the DSA key file associated with user test.
Only SSHv2 supports authentication based on the public key. This command associates the public key file on the
client with the user name. When the client is authenticated upon login, a public key file is specified based on the user
name.

Configuration Example
The following configuration examples describe only configurations related to SSH.



Generating a Public Key on the SSH Server

Configuration



Run the crypto key generate { rsa | dsa } command to generate a RSA public key for the server.

Steps
SSH Server

FS#configure terminal
FS(config)# crypto key generate rsa
Choose the size of the rsa key modulus in the range of 512 to 2048
and the size of the dsa key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.

How many bits in the modulus [512]:



If the generation of the RSA key is successful, the following information is displayed:

% Generating 512 bit RSA1 keys ...[ok]
% Generating 512 bit RSA keys ...[ok]



If the generation of the RSA key fails, the following information is displayed:

% Generating 512 bit RSA1 keys ...[fail]
% Generating 512 bit RSA keys ...[fail]

Verification



Run the show crypto key mypubkey rsa command to display the public information about the RSA key. If the
public information about the RSA key exists, the RSA key has been generated.

SSH Server

FS(config)#show crypto key mypubkey rsa
% Key pair was generated at: 1:49:47 UTC Jan 4 2013
Key name: RSA1 private
Usage: SSH Purpose Key
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Key is not exportable.
Key Data:
AAAAAwEAAQAAAHJM 6izXt1pprUSOEGZ/ UhFpRRrW nngP4BU7 mG836apfjajSYwcU
8O3LojHL ayJ8G4pG 7j4T4ZSf FKg09kfr 92JpRNHQ gbwaPc5/ 9UnTtX9t qFIKDj1j
0dKBcCfN tr0r/CT+ cs5tlGKV S0ICGifz oB+pYaE=

% Key pair was generated at: 1:49:47 UTC Jan 4 2013
Key name: RSA private
Usage:SSH Purpose Key
Key is not exportable.
Key Data:
AAAAAwEAAQAAAHJfLwKnzOgO F3RlKhTN /7PmQYoE v0a2VXTX 8ZCa7Sll EghLDLJc
w3T5JQXk Rr3iBD5s b1EeOL4b 21ykZt/u UetQ0Q80 sISgIfZ9 8o5No3Zz MPM0LnQR
G4c7/28+ GOHzYkTk 4IiQuTIL HFStbyEYXCFaaxU=



Specifying the SSH Version

Configuration



Run the ip ssh version { 1 | 2 } command to set the version supported by the SSH server to SSHv2.

Steps
SSH Server

FS#configure terminal
FS(config)#ip ssh version 2

Verification
SSH Server



Run the show ip ssh command to display the SSH version currently supported by the SSH server.

FS(config)#show ip ssh
SSH Enable - version 2.0
Authentication timeout: 120 secs
Authentication retries:3
SSH SCP Server: disabled



Configuring the SSH Authentication Timeout

Configuration



Run the ip ssh time-out time command to set the SSH authentication timeout to 100s.

Steps
SSH Server

FS#configure terminal
FS(config)#ip sshtime-out100

Verification



SSH Server

FS(config)#show ip ssh
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SSH Enable - version 2.0
Authenticationtimeout:100 secs
Authentication retries: 3
SSH SCP Server: disabled



Configuring the Maximum Number of SSH Authentication Retries

Configuration



Steps
SSH Server

Run the ip ssh authentication-retries retry times command to set the maximum number of user
authentication retries on the SSH server to 2.

FS#configure terminal
FS(config)#ip ssh authentication-retries 2

Verification



Run the show ip ssh command to display the configured maximum number of authentication retries.

SSH Server

FS(config)#show ip ssh
SSH Enable - version 2.0
Authentication timeout: 100 secs
Authentication retries:3
SSH SCP Server: disabled



Specifying the SSH Encryption Mode

Configuration



Steps
SSH Server

Run the ip ssh cipher-mode {cbc | ctr | others }command to set the encryption mode supported by the SSH
server to CTR.

FS#configure terminal
FS(config)# ip ssh cipher-mode ctr

Verification



Select the CTR encryption mode on the SSH client, and verify whether you can successfully log in to the SSH
server from the SSH client.



Specifying the SSH Message Authentication Algorithm

Configuration



Steps
SSH Server

Run the ip ssh hmac-algorithm {md5 | md5-96 | sha1 | sha1-96 } command to set the message
authentication algorithm supported by the SSH server to SHA1.

FS#configure terminal
FS(config)# ip ssh hmac-algorithmsha1

Verification



Select the SHA1 message authentication algorithm on the SSH client, and verify whether you can successfully
log in to the SSH server from the SSH client.



Configuring Support for DH Key Exchange Algorithm on the SSH Server

Configuration

www.fs.com



Run

the

ip

ssh

key-exchange

{

dh_group_exchange_sha1

|

dh_group14_sha1

|
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Steps
SSH Server

dh_group1_sha1 }command to configure a key exchange method on the SSH server.
FS# configure terminal
FS(config)# ip ssh key-exchange dh_group14_sha1

Verification





Choose diffie-hellman-group14-sha1 on the client terminal and check if successful login is performed.

Configuring the Public Key Authentication

Configuration



Steps

Run the ip ssh peer username public-key { rsa | dsa}filename command to associate a public key file of the
client with a user name. When the client is authenticated upon login, a public key file (for example, RSA)is
specified based on the user name.

SSH Server

FS#configure terminal
FS(config)# ip ssh peer test public-key rsaflash:rsa.pub

Verification



Configure the public key authentication login mode on the SSH client and specify the private key file. Check
whether you can successfully log in to the SSH server from the SSH client. If yes, the public key file on the client
is successfully associated with the user name, and public key authentication succeeds.



Configuring SSH Device Management

Scenario
Figure 7- 7

You can use SSH to manage devices on the precondition that the SSH server function is enabled. By default, this
function is disabled. The Telnet component that comes with the Windows does not support SSH. Therefore, a
third-party client software must be used. Currently, well-compatible client software includes PuTTY, Linux, and
SecureCRT.The following takes the PuTTY as an example to introduce the configurations of the SSH client.
Configuration



Start the PuTTYsoftware.

Steps



On the Session option tabof PuTTY, type in the host IP address 192.168.23.122 and SSH port number 22, and
select the connection type SSH.



On the SSH option tab of PuTTY, select the preferred SSH protocol version 2.



On the SSH authentication option tab of PuTTY, select the authentication method Attempt "keyboardinteractive" auth.

SSH Client
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Click Open to connect to the SSH server.



Type in the correct user name and password to enter the terminal login interface.

Figure 7- 8
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Host Name (or IP address) indicates the IP address of the host to be logged in. In this example, the IP address is
192.168.23.122. Port indicates the port ID 22, that is, the default ID of the port listened by SSH. Connection type is
SSH.
Figure 7- 9

As shown inFigure 7-9, select2 as the preferred SSH protocol versionin theProtocol options pane because SSHv2
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is used for login.
Figure 7- 10

As shown in Figure 7- 10, select Attempt "keyboard-interactive" auth as the authentication method to support
authentication based on the user name and password.
Then,clickOpen toconnect totheconfigured serverhost,as showninFigure 7-11.
Figure 7- 11

The PuTTY Security Alert box indicates that you are logging in to the client of the server 192.168.23.122, and asks
you whether to receive the key sent from the server.
If you select Yes, a login dialog box is displayed, as shown in Figure 7- 12.
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Figure 7- 12

Type in the correct user name and password, and you can log in to the SSH terminal interface, as shown in Figure
7- 13.
Figure 7- 13
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Verification



Run the show ip ssh command to display the configurations that are currently effective on the SSH server.



Run the show ssh command to display information about every SSH connection that has been established.

FS#show ip ssh
SSH Enable - version 1.99
Authentication timeout: 120 secs
Authentication retries: 3
FS#show ssh
Connection Version Encryption
0



2.0 aes256-cbc

Hmac
hmac-sha1

State

Username

Session started test

Configuring SSH Local Line Authentication

Scenario
Figure 7- 14

SSHuserscan usethe locallinepasswordfor user authentication, as shown inFigure 7-14.Toensure securityof data
exchange, PC 1 and PC 2 function as the SSH clients, and use the SSH protocol to log in to the network device where
the SSH server is enabled. The requirements are as follows:



SSH users use the local line password authentication mode.



Five lines, including Line 0 to Line 4, are activated concurrently.The login password is "passzero" for Line 0 and
"pass" for the remaining lines. Any user name can be used.

Configuration

Configure the SSH server as follows:

Steps



Enable the SSH server function globally. By default, the SSH server supports two SSH versions: SSHv1 and
SSHv2.



Configurethekey.Withthiskey,theSSHserver decryptstheencrypted passwordreceivedfromtheSSH client,
compares the decrypted plain text with the password stored on the server, and returns a message indicating
thesuccessful or unsuccessful authentication.SSHv1 uses the RSA key,whereas SSHv2 uses the RSA or DSA key.



ConfiguretheIPaddressoftheFastEthernet 0/1interfaceontheSSHserver.TheSSH clientisconnectedtothe
SSH server based on this IP address. The route from the SSH client to the SSH server is reachable.

Configure the SSH client as follows:



Diversified SSH client software is available, including PuTTY, Linux, and SecureCRT. This document takes PuTTY
as an example to explain the method for configuring the SSH client. For details about the configuration
method, see "Configuration Steps."

SSH Server

Before configuring SSH-related function, ensurethat the route fromtheSSH user tothe network segment of theSSH
server is reachable. The interface IP address configurations are shown in Figure 7-15. The detailed procedures for
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configuring IP addresses and routes are omitted.
FS(config)# enable service ssh-server
FS(config)#crypto key generate rsa
% You already have RSA keys.
% Do you really want to replace them? [yes/no]:
Choose the size of the key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.
How many bits in the modulus [512]:
% Generating 512 bit RSA1 keys ...[ok]
% Generating 512 bit RSA keys ...[ok]
FS(config)#interface fastEthernet0/1
FS(config-if-fastEthernet0/1)#ip address 192.168.23.122 255.255.255.0
FS(config-if-fastEthernet0/1)#exit
FS(config)#line vty 0
FS(config-line)#password passzero
FS(config-line)#privilege level 15
FS(config-line)#login
FS(config-line)#exit
FS(config)#line vty1 4
FS(config-line)#password pass
FS(config-line)#privilege level 15
FS(config-line)#login
FS(config-line)#exit

SSH

Figure 7- 15

Client(PC1/
PC2)
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Set the IP address and port ID of the SSH server. As shown in the network topology, the IP address of the server is
192.168.23.122, and the port ID is 22 (For details about the configuration method, see "Configuring SSH Device
Management.").ClickOpentostarttheSSHserver.Asthecurrentauthenticationmodedoesnotrequireausername,
you can type in any user name, but cannot leave the user name unspecified. (In this example, the user name is
"anyname".)
Verification
SSH Server



Run the show running-config command to display the current configurations.



Verify that the SSH client configurations are correct.

FS#show running-config
Building configuration...
!
enable secret 5 $1$eyy2$xs28FDw4s2q0tx97
enable service ssh-server
!
interface fastEthernet0/1
ip address 192.168.23.122 255.255.255.0
!
line vty 0
privilege level 15
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login
password passzero
line vty 1 4
privilege level 15
login
password pass
!
end
SSH Client

Set up a connection, and enter the correct password. The login password is "passzero" for Line 0 and "pass" for the
remaining lines. Then, the SSH server operation interface is displayed, as shown in Figure 7- 16.
Figure 7- 16

FS#show users
Line

User

Host(s)

Idle

Location

---------------- ------------ -------------------- ---------- ------------------



* 0 con 0

---

idle

00:00:00

---

1 vty 0

---

idle

00:08:02

192.168.23.83

2 vty 1

---

idle

00:00:58

192.168.23.121

Configuring AAA Authentication of SSH Users
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Scenario
Figure 7- 17

SSHusers canuse theAAA authentication mode for user authentication, as shown in Figure 7-17.To ensure security
of data exchange, the PCfunctions as the SSH client, and uses the SSH protocol to log in to the network devicewhere
the SSH server isenabled. Tobetter perform security management, the AAA authentication mode is used on the user
login interface of the SSH client. Two authentication methods, including Radius server authentication and local
authentication, are provided in the AAA authentication method list to ensure reliability. The Radius server
authentication method is preferred. If the Radius server does not respond, select the local authentication method.
Configuration



Steps

The route from the SSH client to the SSH server is reachable, and the route from the SSH server to the Radius
server is also reachable.



ConfiguretheSSHserver onthe networkdevice.Theconfiguration method isalready described intheprevious
example, and therefore omitted here.



Configure the AAA parameters on the network device. When the AAA authentication mode is used, method
lists are created to define the identity authentication and types, and applied to a specified service or interface.

SSH Server

FS(config)# enable service ssh-server
FS(config)#crypto key generate rsa
% You already have RSA keys.
% Do you really want to replace them? [yes/no]:
Choose the size of the key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.
How many bits in the modulus [512]:
% Generating 512 bit RSA1 keys ...[ok]
% Generating 512 bit RSA keys ...[ok]
FS(config)#crypto key generate dsa
Choose the size of the key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.
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How many bits in the modulus [512]:
% Generating 512 bit DSA keys ...[ok]
FS(config)#interface gigabitEthernet1/1
FS(config-if-gigabitEthernet1/1)#ip address 192.168.217.81 255.255.255.0
FS(config-if-gigabitEthernet1/1)#exit
FS#configure terminal
FS(config)#aaa new-model
FS(config)#radius-server host 192.168.32.120
FS(config)#radius-server key aaaradius
FS(config)#aaa authentication login methodgroup radius local
FS(config)#line vty 0 4
FS(config-line)#login authentication method
FS(config-line)#exit
FS(config)#username user1 privilege 1 password 111
FS(config)#username user2 privilege 10 password 222
FS(config)#username user3 privilege 15 password 333
FS(config)#enable secret w

Verification



Run the show running-config command to display the current configurations.



This example assumes that the SAM server is used.



Set up a remote SSH connection on the PC.



Check the login user.

FS#show run
aaa new-model
!
aaa authentication login method group radius local
!
username user1 password 111
username user2 password 222
username user2 privilege 10
username user3 password 333
username user3 privilege 15
no service password-encryption
!
radius-server host 192.168.32.120
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radius-server key aaaradius
enablesecret 5$1$hbgz$ArCsyqty6yyzzp03
enable servicessh-server
!
interface gigabitEthernet1/1
no ip proxy-arp
ip address 192.168.217.81 255.255.255.0
!
ip route 0.0.0.0 0.0.0.0 192.168.217.1
!
line con 0
line vty 0 4
login authentication method
!
End
On the SSH client, choose System Management>Device Management, and add the device IP address
192.168.217.81 and the device key aaaradius.
Choose Security Management>Device Management Rights, and set the rights of the login user.
Choose Security Management>Device Administrator, and add the user name user and password pass.
ConfiguretheSSHclientandsetupaconnectiontotheSSHserver.Fordetails,seethepreviousexample.
Typeintheusername user andpasswordpass.VerifythatyoucanlogintotheSSHserversuccessfully.
FS#show users
Line

User

0 con 0
* 1 vty 0



user

Host(s)

Idle

idle

00:00:31

idle

00:00:33

Location

192.168.217.60

Configuring Public Key Authentication of SSH Users

Scenario
Figure 7- 18

SSH users can use the public key for user authentication, and the public key algorithm is RSA or DSA, as shown in
Figure 7-18.SSH is configured on the client so that a secure connection is set up between the SSH client and the SSH
server.
Configuration
Steps



Toimplement public key authentication on the client, generate a key pair (for example, RSA key) on the client,
place the public key on the SSH server, and select the public key authentication mode.
After the key pair is generated on the client, you must save and upload the public key file to the server and
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complete the server-related settings before you can continue to configure the client and connect the client
with the server.



After the key is generated on the client, copy the public key file from the client to the flash of the SSH server,
and associate the file with an SSH user name. A user can be associated with one RSA public key and one DSA
public key.

SSH Client

Run the puttygen.exe software on the client. Select SSH-2 RSA in the Parameters pane, and click Generate to
generate a key, as shown in Figure 7- 19.
Figure 7- 19

Whena keyis being generated, youneed toconstantly move the mouse over a blank area outsidethe green progress
bar; otherwise, the progress bar does not move and key generation stops, as shown in Figure 7- 20.
Figure 7- 20
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Toensure security of the RSA public key authentication, the length of the generated RSA key pair must be equal to or
larger than 768 bits. In this example, the length is set to 1024 bits.
Figure 7- 21
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After the key pair is generated, click Save public key, type in the public key name test_key.pub, select the storage
path, and click Save. Then click Save private key. The following prompt box is displayed. Select Yes, type in the
public key name test_private, and click Save.
Figure 7- 22

You must select the OpenSSH key file; otherwise, the key file cannot be used. The puttygen.exe software can be
used to generate a key file in OpenSSH format, but this file cannot be directly used by the PuTTY client. Youmust use
puttygen.exe to convert the private key to the PuTTY format. Format conversion is not required for the public key
file stored on the server, and the format of this file is still OpenSSH, as shown in Figure 7- 23.
Figure 7- 23
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SSH Server

FS#configure terminal
FS(config)# ip ssh peer test public-key rsaflash:test_key.pub

Verification

 After completing the basic configurations of the client and the server, specify the private key file test_private
on the PuTTY client, and set the host IP address to 192.168.23.122 and port ID to 22 to set up a connection
between the client and the server. In this way, the client can use the public key authentication mode to log in
to the network device.
Figure 7- 24
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Common Errors



The no crypto key generate command is used to delete a key.

7.4.2 ConfiguringtheSCP Service

Configuration Effect
After the SCP function is enabled on a network device, you can directly download files from the network device and upload local files
to the network device. In addition, all interactive data is encrypted, featuring authentication and security.
Notes



The SSH server must be enabled in advance.

Configuration Steps



Enablingthe SCP Server



Mandatory.



By default, the SCP server function is disabled. Run the ip scp server enable command to enable the SCP server function in
global configuration mode.

Verification
Run the show ip ssh command to check whether the SCP server function is enabled.
Related Commands
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Enabling the SCP Server

Command

ip scp server enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

This command is used to enable the SCP server.
Run the no ip scp server enable command to disable the SCP server.

Configuration Example



Enabling the SCP Server

Configuration



Run the ip scp server enable command to enable the SCP server.

Steps
FS#configure terminal
FS(config)#ip scp server enable

Verification



Run the show ip ssh command to check whether the SCP server function is enabled.

FS(config)#show ipssh
SSH Enable - version 1.99
Authentication timeout: 120 secs
Authentication retries:3
SSH SCP Server: enabled



Configuring SSH File Transfer

Scenario
Figure 7- 25

The SCP service is enabled on the server, and SCP commands are used on the client to transfer data to the server.
Configuration



Steps

Enable the SCP service on the server.
The SCP server uses SSH threading. When connecting to a network device for SCP transmission, the client
occupies a VTY session (You can finds out that the user type is SSH by running the show user command).



Ontheclient,useSCPcommands toupload filestotheserver,or downloadfilesfromtheserver.

Syntax of the SCP command:
scp [-1246BCpqrv] [-c cipher] [-F ssh_config] [dentity_file]
[-l limit] [-o ssh_option] [-P port] [-S program]
[[user@]host1:]file1 [...] [[user@]host2:]file2
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Descriptions of some options:
-1: Uses SSHv1 (If not specified, SSHv2 is used by default);
-2: Uses SSHv2 (by default);
-C: Uses compressed transmission.
-c: Specifies the encryption algorithm to be used.
-r:Transmits the whole directory;
-i: Specifies the key file to be used.
-l: Limits the transmission speed (unit: Kbit/s).
For other parameters, see the filescp.0.

SSH Server

FS#configure terminal
FS(config)# ip scp server enable

Verification



File transmission example on the Ubuntu 7.10 system:

Set the username of a client to test and copy the config.text file from the network device with the IP address of
192.168.195.188 to the /root directory on the local device.
root@dhcpd:~#scp test@192.168.23.122:/config.text /root/config.text
test@192.168.195.188's password:
config.text

100% 1506

1.5KB/s

00:00

Read from remote host 192.168.195.188: Connection reset by peer

7.4.3 Configuring the SSH Client

Configuration Effect
On the network device that supports the SSH server, enable the SSH server function, and specify the user authentication method and
supported SSH versions. Then, you can use the built-in SSH client function of the device to set up a secure connection with the SSH
server, implementing remote device management.
Notes



The SSH server function must be configured in advance on the device that needs to remotely support the SSH server.



The SSH client must communicate with the SSH server properly.

Configuration Steps



Specifying the Source Interface of the SSH Client



(Optional) This configuration must be performed on the SSH-client device.



Establishing a Session with the SSH Server



(Optional) Use the ssh command on the client to set up a connection with a remote server.
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Before using this command, enable the SSH server function and configure the SSH key and authentication mode on the server.



Recovering an Established SSH Session



(Optional) Run the related command to recover a session after temporary stop if necessary.



Disconnecting a Suspended SSH Session



(Optional) This configuration must be performed on the SSH client if you need to disconnect a specified SSH session.

Verification
Run the show ssh-session command to display information about every established SSH client session.
Related Commands



Specifying the Source Interface of the SSH Client

Command

ip ssh source-interface interface-name

Parameter

interface-name: Specifies an interface, the IP address of which will be used as the source address of an SSH client

Description

session.

Command

Global configuration mode

Mode
Usage Guide

This command is used to specify an interface, the IP address of which will be used as the global source address of an
SSHclientsession.Whenthesshcommand isusedtoconnecttoan SSHserver,thisglobal configurationwillbe used
if a source interface or a source address is not specified for this connection. Run the no ip ssh source-interface
command to restore the default setting.



Establishing a Session with the SSH Server

Command

ssh [oob] [-v {1 | 2 }][-c {3des | aes128-cbc | aes192-cbc | aes256-cbc }] [-l username ][-m {hmac-md5-96 |
hmac-md5-128 | hmac-sha1-96 | hmac-sha1-160 }] [-p port-num ]{ ip-addr| hostname}[ via mgmt-name ][/source
{ip A.B.C.D | ipv6 X:X:X:X::X | interface interface-name}] [/vrf vrf-name]

Parameter

N/A

Description
Command

User EXEC mode

Mode
Usage Guide

The ssh command is used to set up a secure and encrypted connection from the local device (an SSH client) to
another device (an SSH server) or any other server that supports SSHv1 or SSHv2. This connection provides a
mechanism similar to the Telnet connection except that all data transmitted over this connection is encrypted. Based
on authentication and encryption, the SSH client can set up a secure connection on an insecure network.
SSHv1 supports only the DES (56-bit key) and 3DES (168-bit key) encryption algorithms.
SSHv2 supports the following Advanced Encryption Standards (AES):ASE128-CBC, AES192-CBC, AES256-CBC,
AES128-CTR, AES192-CTR, and AES256-CTR.
SSHv1 does not support the Hashed Message Authentication Code (HMAC).
If you specify an unmatched encryption or authentication algorithm when selecting an SSH version, the
unmatched algorithm will be ignored when a connection is set up.



Recovering an Established SSH Client Session
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Command

ssh-session session-id

Parameter

session-id: Indicates the ID of an established SSH client session.

Description
Command

User EXEC mode

Mode
Usage Guide

This command is used to restore the use of an established SSH client session. When the ssh command is used to
initiate an SSH client session, you can press Ctrl+Shift+6+X to temporarily exit the session. To recover this session, run
the ssh-session command. In addition, if the session is already established, you can run the show ssh-session
command to display information about the established session.



Disconnecting a Suspended SSH Session

Command

disconnect ssh-session session-id

Parameter

session-id: Indicates the ID of a suspended SSH client session.

Description
Command

User EXEC mode

Mode
Usage Guide

You can specify an SSH client session ID to disconnect the specified SSH client session.

Configuration Example



Specifying the Source Interface of the SSH Client

Configuration



Steps

Run the ip ssh source-interface interface-name command to specify an interface, the IP address of which will
be used as the global source address of an SSH client session.

FS#configure terminal
FS(config)#ipsshsource-interface gigabitEthernet 0/1

Verification



N/A

Establishing a Session with the SSH Server

Scenario
Figure 7- 26

The SSH server function is enabled on the server. The ssh command is used on the client to set up a secure
connection with the server.
Configuration



Enable the SSH server function on the server.

Steps



Configure the SSH key on the server.



Configure the authentication mode of the SSH server, and use the local line authentication mode for Line 0 to
Line 4.



Configure the IP address of the Gi 0/1 interface of the SSH server. The client will use this address as the source
address to connect to the SSH server.
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By default, the SSH server supports two SSH versions: SSHv1 and SSHv2.
With this key, the SSH server decrypts the encrypted password received from the SSH client, compares the
decryptedplain text withthe passwordstored on theserver, and returns a message indicating thesuccessful or
unsuccessful authentication. SSHv1 uses an RSA key, whereas SSHv2 uses an RSA or DSA key.
The authentication mode used by theSSH server is localline authentication.The local user name isadmin, and
the password is 123456.
The SSH client is connected to the SSH server based on this IP address. The routes from the SSH clients to the
SSH server are reachable.
Configure the IP address of the Gi 0/1 interface of the SSH server. The client will use this address as the source
address to connect to the SSH server.
SSH Server

FS#configure terminal
FS(config)#enable service ssh-server
FS(config)#crypto key generate rsa
% You already have RSA keys.
% Do you really want to replace them? [yes/no]:
Choose the size of the key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.
How many bits in the modulus [512]:
% Generating 512 bit RSA1 keys ...[ok]
% Generating 512 bit RSA keys ...[ok]
FS(config)#line vty 0 4
FS(config-line)#login local
FS(config-line)#exit
FS(config)#usernameadminpassword123456
FS(config)#username admin privilege 15
FS(config-line)#exit
FS(config)#interface gigabitEthernet0/1
FS(config-if-gigabitEthernet0/1)#ip address 192.168.23.122 255.255.255.0
FS(config-if-gigabitEthernet0/1)#exit

SSH Client

FS(config)#interface gigabitEthernet0/1
FS(config-if-gigabitEthernet0/1)#ip address 192.168.23.83 255.255.255.0
FS(config-if-gigabitEthernet0/1)#exit
FS(config)#ipsshsource-interface gigabitEthernet 0/1
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Verification



Run the show running-config| include username and show ip ssh commands to verify whether the SSH
server configurations are correct.



On the SSH client, set up a connection with a remote SSH server. After the connection is set up, type in the
correct password 123456. The SSH server operation interface is displayed. Check the login user on the Console
of the SSH client.

FS(config)#sh running-config | include username
username admin password admin
username admin privilege 15
FS(config)#sh running-config | begin line
line con 0
line vty 0 4
login local
!
!
end



Verify whether the SSH client configurations are correct.

FS#ssh -l admin 192.168.23.122
%Trying 192.168.23.122, 22,...open
admin@192.168.23.122's password:
FS#
FS#sh users
Line

User

Host(s)

0 con 0
* 1 vty 0 admin

idle
idle

Idle

Location

00:00:00
00:00:36 192.168.217.20

7.4.4 Configuring the SCP Client

Configuration Effect
Onthe network device that supports theSCP server, enable the SCP service sothat userscan directly download files fromthe network
device and upload local files to the network device. In addition, all exchanged data is encrypted, featuring authentication and
security.
Notes



The SSH server function must be configured and the SCP service must be enabled on the device in order to remotely support
the SCP server.



The SCP client must communicate with the SCP server properly.

Configuration Steps
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Specifying Source Interface of SCP Client



(Optional) Specify a source interface of the SCP client.



Implementing File Transfer with SCP Server via SCP Client



(Optional) Run the scp command to implement file transfer with the remote SCP server via the SCP client.



Before running this command, enable the SSH server function, configure an SSH key and authentication mode, and enable the
SCP server function.

Verification
Check whether file transfer is successful.
Related Commands



Specifying Source Interface of SCP Client

Command

ip scp client source-interface interface-name

Parameter

interface-name: Indicates a source interface. Set the IP address of the interface to the source IP address of the SCP

Description

client.

Command

Global configuration mode

Mode
Usage Guide

Run this command to specify the IP address of the designated interface as the global source address of the SCP
client. During interaction with the remote SSH server via the scp command, global settings are used if no source
interface or source address is specified. Run the no ip ssh source-interface command to restore the default settings.



Implementing File Transfer with SCP Server via SCP Client

Command

scp [oob] [ -v { 1 | 2 } ] [ -c { 3des | aes128-cbc | aes192-cbc | aes256-cbc } ] [ -l username ] [ -m { hmac-md5-96 |
hmac-md5-128 | hmac-sha1-96 | hmac-sha1-160 } ] [ -p port-num ] { filename username@host:/filename |
username@host:/filename filename} [ via mgmt-name ] [ /source { ip A.B.C.D
| ipv6 X:X:X:X::X| interface interface-name } ] [ /vrf vrf-name ]

Parameter

N/A

Description
Command

Common user mode

Mode
Usage Guide

Run the scp command to establish a secure and encrypted connection from the local device (SCP client) to another
device (SCP server) to implement file transfer.

Configuration Example



Specifying Source Interface of SCP Client

Configuration
Steps



Run the ip scp client source-interface interface-name command to specify the IP address of the interface as
the global source address of the SCP client.

FS# configure terminal
FS(config)# ip scp client source-interface gigabitEthernet 0/1
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Verification



N/A

Implementing File Transfer with SCP Server via SCP Client

Scenario
Figure 7- 27

Enable the SSH server and SCP server functions on the server end, and run the scp command on the SCP client to
implement file transfer with the server.
Configuration



Enable the SSH server function on the server end.

Steps



Configure an SSH key on the server end.



Configure an authentication mode for the SSH server, and configure the local authentication mode for lines 0
to 4.



Enable the SCP server function.



Configure the IP address of the Gi 0/1 interface of the SSH server, so that the client uses this address as the
source address to connect to the SSH server.



Configure the SSH client, and specify the source address of the SSH client.
By default, the SSH server supports two SSH versions: SSHv1 and SSHv2.
With this key, the SSH server decrypts the encrypted password received from the SSH client, compares the
decrypted plain text with the password stored on the server, and returns an authentication success or failure
message. SSHv1 uses an RSA key, while SSHv2 uses an RSA or DSA key.
TheSSHserverusesthelocalauthenticationmode.Thelocalusernameisadmin,andthepasswordis123456.
The SSH client connects to the SSH server at this IP address.The route fromthe SSH client to the SSH server is
reachable.
Configure the IP address of the Gi 0/1 interface of the SSH client, so that the client uses this address as the
source address to connect to the SSH server.

SCP Server

FS# configure terminal
FS(config)#enable service ssh-server
FS(config)#crypto key generate rsa
% You already have RSA keys.
% Do you really want to replace them? [yes/no]:
Choose the size of the key modulus in the range of 360 to 2048 for your
SignatureKeys. Choosing a key modulus greater than 512 may take
a few minutes.
How many bits in the modulus [512]:
% Generating 512 bit RSA1 keys ...[ok]
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% Generating 512 bit RSA keys ...[ok]
FS(config)#line vty 0 4
FS(config-line)#login local
FS(config-line)#exit
FS(config)#usernameadminpassword123456
FS(config)#username admin privilege 15
FS(config-line)#exit
FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.23.122 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit
SSH Client

FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.23.83 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit
FS(config)# ip scp server enable
FS(config)#ip ssh source-interface gigabitEthernet 0/1

Verification



Run the show running-config | include username and show ip ssh commands to verify the SSH server
configuration.



On the SSH client, set up a connection with the remote SSH server. After the connection is set up, enter the
password123456. TheSSH server operation interfaceisdisplayed. Checkthelogged-in useron theconsoleof
the SSH client.

FS(config)#sh running-config | include username
username admin password admin
username admin privilege 15
FS(config)#sh running-config | begin line
line con 0
line vty 0 4
login local
!
!
end



Verify the SCP client configuration.

FS#scp config.text admin@192.168.23.122:/config.text
%Trying 192.168.23.122, 22,...open
admin@192.168.23.122's password:
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FS#

7.5 Monitoring
Displaying
Description

Command

Displays the effective SSH server configurations.

show ipssh

Displays the established SSH connection.

show ssh

Displays the public information of the SSH public key.

show crypto key mypubkey

Displays the established SSH client session.

show ssh-session

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs SSH sessions.

debug ssh

Debugs SSH client sessions.

debug ssh client

8 Configuring URPF
8.1 Overview
Unicast Reverse Path Forwarding (URPF) is a function that protects the network against source address spoofing.
URPF obtains the source address and inbound interface of a received packet, and searches a forwarding entry in the forwarding table
based on the source address. If the entry does not exist, the packet is dropped. If the outbound interface of the forwarding entry does
not match the inbound interface of the packet, the packet is also dropped. Otherwise, the packet is forwarded.
URPF is implemented in two modes:



Strict mode: It is often deployed on a point-to-point (P2P) interface, and inbound and outbound data streams must go through
the network of the P2P interface.



Loose mode: It is applicable to the asymmetric routes or multihomed network that have the problem of asymmetric traffic.

Protocols and Standards



RFC 2827: Network Ingress Filtering: DDOS Attacks which employ IP Source Address Spoofing



RFC 3704: Ingress Filtering for Multi-homed Networks

8.2 Applications
Application

Description

Strict Mode

Blockthe packetswithspoofed sourcedaddresses at the accesslayer or aggregation layer to
prevent sending these packets from PCs to the core network.

Loose Mode

On a multihomed network, the user network is connected to multiple Internet service
providers (ISPs), and the inbound and outbound traffic is not symmetric. Deploy the URPF
loose mode on the outbound interface connected to ISPs to prevent invalid packets from
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attacking the user network.
8.2.1 Strict Mode

Scenario
Anattackerinitiatesan attackbysending packetswiththespoofed sourceaddress11.0.0.1. Asaresult,theserversendsa lotofSYNor
ACK packets to the hosts that do not initiate the attack, and the host with the real source address 11.0.0.1 is also affected. Even worse,
if the network administrator determines that this address initiates an attack to the network, and therefore blocks all data streams
coming from this source address, the denial of service (DoS) of this source address occurs.
Figure 8- 1

Remarks

The attacker sends spoofing packets using a spoofed address of the casualty.

Deployment



Deploy the URPF strict mode on device A to protect the device against source address spoofing.

8.2.2 Loose Mode

Scenario
The asymmetric route is a common network application used to control the network traffic or to meet the routing policy
requirements.
As shown in Figure 8- 2, if the URPF strict mode is enabled on the G1/1 interface of R 1, R1 receives a packet from the network
segment 192.168.20.0/24 on the G1/1 interface, but the interface obtained through the URPF check is G1/2. Therefore, this packet fails
in the URPF check and is dropped.
Figure 8- 2
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Deployment



Reverselysearcharoutebased on thesourceIPaddressofareceived packet.Thepurpose istofindaroute, and itisnot required
that the outbound interface of the next hop on the route must be the inbound interface of the received packet.



The URPF loose mode can resolve the asymmetric traffic problem of the asymmetric route and prevents access of invalid data
streams.

8.3 Features
Basic Concepts



URPF Strict Mode

Obtain the source address and inbound interface of a received packet, and search a forwarding entry in the forwarding table based on
the source address. If the entry does not exist, the packet is dropped. If the outbound interface of the forwarding entry does not
match the inbound interface of the packet, the packet is also dropped. The strict mode requires that the inbound interface of a
received packet must be the outbound interface of the route entry to the source address of the packet.



URPF Loose Mode

Reversely search a route based on the source IP address of a received packet. The purpose is to find a route, and it is not required that
the outbound interface of the next hop on the route must be the inbound interface of the received packet. However, the route cannot
be a route of a host on the local network.



URPF Packet Loss Rate

The URPF packet loss rate is equal to the number of packets dropped due to the URPF check per second. The unit is packets/second,
that is, pps.



Calculation Interval of the URPF Packet Loss Rate

It is the interval from the previous time the packet loss rate is calculated to the current time the packet loss rate is calculated.



Sampling Interval of the URPF Packet Loss Rate

It the interval at which the number of lost packets is collected for calculating the packet loss rate. This interval must be equal to or
longer than the calculation interval of the packet loss rate.



Threshold of the URPF Packet Loss Rate
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It refers to the maximum packet loss rate that is acceptable. When the packet loss rate exceeds the threshold, alarms can be sent to
users through syslogs or trap messages. You can adjust the threshold of the packet loss rate based on the actual conditions of the
network.



Alarm Interval of the URPF Packet Loss Rate

It is the interval at which alarms are sent to users. You can adjust the alarm based on the actual conditions of the network to prevent
frequently output of logs or trap messages.



Calculation of the URPS Packet Loss Rate

Between the period of time from enabling of URPF to the time that the sampling interval arrives, the packet loss rate is equal to the
number of lost packets measured within the sampling interval divided by the URPF enabling duration. After that, the packet loss rate
is calculated as follows: Current packet loss rate = (Current number of lost packets measured at the calculation interval – Number of
lost packets measured before the sampling interval)/Sampling interval
Overview
Feature

Description

Enabling URPF

Enable URPF to perform a URPF check,thus protecting the device against source address spoofing.

Notifying

the

URPF

Packet Loss Rate

Tofacilitate monitoring of information about lostpackets after URPF is enabled, FS devices support the use of
syslogs and trap messages to proactively notify users of the packet loss information detected in the URPF
check.

8.3.1 Enabling URPF

Enable URPF to perform a URPF check on IP packets, thus protecting the device against source address spoofing.
Working Principle
URPF can be applied to IP packets based on configurations, but the following packets are not checked by URPF:
1.

After URPF is enabled, the source address of a packet is checked only if the destination address of the packet is an IPv4/IPv6
unicast address, and is not checked if the packet is a multicast packet or an IPv4 broadcast packet.

2.

If the source IP address of a DHCP/BOOTP packet is 0.0.0.0 and the destination IP address is 255.255.255.255, the packet is not
checked by URPF.

3.

A loopback packet sent by the local device to itself is not checked by URPF.



URPF Configured in Interface configuration mode

URPF is performed on packets received on the configured interface. Interface configuration mode and global configuration mode are
mutually exclusive.



By default, the default route is not used for the URPF check.Youcan configure data to use the default route for the URPF check if
necessary.



Bydefault,packetsthat failintheURPF checkwillbedropped. If theACL(acl-name)isconfigured, the packetismatchedagainst
theACL afterit failsinthe URPF check. If no ACL exists, or apacket matchesa denyACL entry (ACE), thepacket will be dropped.
If the packet matches a permit ACE, the packet will be forwarded.

A switch supports configuration of URPF on a routed port of L3 aggregate port (AP). Switches of some models also support this
configuration on SVI. (For details, contact FS’s technical staff.) The following constraints exists:

www.fs.com

1823

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



URPF does not support association with the ACL option.



After URPF is enabled on interfaces, a URPF check is performed on all packets received on physical ports corresponding to these
interfaces, which increase the scope of packets checked by URPF. If a packet received on a tunnel port is also received on the
preceding physical ports, the packet is also checked by URPF. In such as scenario, be cautious in enabling URPF.



After URPF is enabled, the route forwarding capacity of the device will be reduced by half.



After the URPF strict mode is enabled, if a packet received on an interface matches an equal-cost route during the URPF check,
the packet will be processed according to the URPF loose mode.

Related Configuration



Enabling URPF for a Specified Interface

By default, URPF is disabled for a specified interface.
Run the ip verify unicast source reachable-via {rx | any }[ allow-default ][ acl-name ] command to enable or disable the IPv4 URPF
function for a specified interface.
By default, the default route is not used for the URPF check. You can use the allow-default keyword to use the default route for the
URPF check if necessary.
By default, packets that fail in the URPF check will be dropped. If the ACL (acl-name) is configured, the packet is matched against the
ACLafter itfailsin theURPF check. If no ACL exists,or apacket matches a deny ACE, thepacket willbe dropped. If the packet matches
a permit ACE, the packet will be forwarded.
8.3.2 Notifying the URPF Packet Loss Rate

To facilitate monitoring of information about lost packets after URPF is enabled, FS devices support the use of syslogs and trap
messages to proactively notify users of the packet loss information detected in the URPF check.
Working Principle
Between the period of time from enabling of URPF to the time that the sampling interval arrives, the packet loss rate is equal to the
number of lost packets measured within the sampling interval divided by the URPF enabling duration. After that, the packet loss rate
is calculated as follows: Current packet loss rate = (Current number of lost packets measured at the calculation interval – Number of
lost packets measured before the sampling interval)/Sampling interval
After the function of monitoring the URPF packet loss information is enabled, the device can proactively send syslogs or trap
messages to notify users of the packet loss information detected in the URPF check so that users can monitor the network status
conveniently.
Related Configuration



Configuring the Calculation Interval of the URPF Packet Loss Rate

By default, the calculation interval of the URPF packet loss rate is 30s. If the calculation interval is found too short, run the ip verify
urpf drop-rate compute interval seconds command to modify the calculation interval.
The calculation interval of the URPF packet loss rate ranges from 30 to 300.



Configuring the Alarm Interval of the URPF Packet Loss Rate

By default, the alarm interval of the URPF packet loss rate is 300s. If the alarm interval is found inappropriate, run the ip verify urpf
drop-rate notify hold-down seconds command to modify the alarm interval of the URPF packet loss rate.
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The unit of the alarm interval is second. The value ranges from 30 to 300.



Configuring the Function of Monitoring the URPF Packet Loss Information

By default, the function of monitoringthe URPF packet loss information is disabled.
Run the ip [ ipv6 ] verify urpf drop-rate notify command to enable or disable the function of monitoringthe URPF packet loss
information.



Configuring the Threshold of the URPF Packet Loss Rate

By default, the threshold of the URPF packet loss rate is 1000 pps. If the threshold is fond inappropriate, run the ip [ ipv6 ] verify urpf
notification threshold rate-value command to modify the threshold of the URPF packet loss rate.
The unit of the threshold is pps. The value ranges from 0 to 4,294,967,295.

8.4 Configuration
Configuration Item

Description and Command
(Mandatory) It is used to enable URPF.

Enabling URPF

ip verify unicast source reachable-via { rx |
any } [ allow-default ] [acl_name ] (Interface

Enables URPF for a specified interface.

configuration mode)
(Optional) It is used to enable the function of monitoring the URPF packet loss information.

Configuring the Function of
Monitoring the URPF Packet
Loss Information

ip verify urpf drop-rate compute interval

Configures the calculation interval of the URPF

seconds

packet loss rate.

ip verify urpf drop-rate notify

Configures thefunction of monitoring URPF
packet loss information.

ip verify urpf drop-rate notify hold-down

Configures the alarm interval of the URPF

seconds

packet loss rate.

Ip erify urpf notification threshold rate-value

Configures the threshold of the URPF packet
loss rate.

8.4.1 Enabling URPF

Configuration Effect



Enable URPF to perform a URPF check, thus protecting the device against source address spoofing.



URPF enabled in interface configuration mode supports both the strict and loose modes.

Notes



URPF is implemented with the help of the existing unicast routes on the network. Therefore, unicast routes must be configured
on the network.

Configuration Steps



Enabling IPv4 URPF for a Specified Interface



Mandatory.
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Verification
Enable URPF and check the source address as follows:



If the strict mode is used, check whether a packet is forwarded only when the forwarding table contains the source address of
the received IP packet and the outbound interface of the searched forwarding entry matches the inbound interface of the
packet; otherwise, the packet is dropped.



If the loose mode is used, check whether a packet is forwarded when a forwarding entry can be found in the forwarding table
for the source address of the received IP packet; otherwise, the packet is dropped.

Related Commands



Enabling IPv4 URPF for a Specified Interface

Command

ip verify unicast source reachable-via { rx | any } [ allow-default ] [ acl-id ]

Parameter

rx: Indicates that the URPF check isimplemented in strict mode. The strict mode requires that the outbound interface

Description

of the forwarding entry found in the forwarding table based on the source address of a received IP packet must
match the inbound interface of the packet.
any: Indicates that the URPF check is implemented in loose mode. The loose mode only requires that a forwarding
entry can be found in the forwarding table based on the source address of a received IP packet.
allow-default: (Optional) Indicates that the default route can be used for the URPF check.
acl-id:(Optional) Indicates the ID of the ACL. Values include 1 to 99 (IP standard access list),100 to 199 (IP extended
access list),1300 to 1999 (IP standard access list, expanded range), and 2000 to 2699 (IP extended access list,
expanded range).

Command

Interface configuration mode

Mode
Usage Guide

Based on the source address of a received IP packet, URPF checks whether any route to the source address exists in
the forwarding table and accordingly determines whether the packet is valid. If no forwarding entry is matched, the
packet is determined as invalid.
YoucanenableURPFininterfaceconfigurationmodetoperformaURPFcheckonpacketsreceivedontheinterface.
By default, the default route is not used for the URPF check. You can use the allow-default keyword to use the
default route for the URPF check if necessary.
By default, packets that fail in the URPF check will be dropped. If the ACL (acl-name) is configured, the packet is
matched against the ACL after it failsin the URPF check. If no ACL exists, or a packet matches adeny ACE, the packet
will be dropped. If the packet matches a permit ACE, the packet will be forwarded.
A switch supports configuration of URPF on a routed port or L3 AP port. In addition, the following constraints
exists:
1.

URPF does not support association with the ACL option.

2.

After URPF is enabled on interfaces, a URPF check is performed on all packets received on physical ports
corresponding to these interfaces, which increase the scope of packets checked by URPF.If a packet received
on a tunnel port is also received on the preceding physical ports, the packet is also checked by URPF.In such as
scenario, be cautious in enabling URPF.

3.

After URPF is enabled, the route forwarding capacity of the device will be reduced by half.

4.

After the URPF strict mode is enabled, if a packet received on an interface matches an equal-cost route during
the URPF check, the packet will be processed according to the URPF loose mode.
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URPF configured in global configuration mode does not support URPF check using the default routing.
URPF configured in global configuration mode is mutually exclusive with URPF configured in interface
configuration mode.
Configuration Example



Configuring the Strict Mode
Blockthe packets with spoofed sourced addresses at the access layer or aggregation layer to prevent sending these
packets from PCs to the core network.
To meet the preceding requirement, enable URPF in strict mode on the interface between the aggregation device
and the access device.

Scenario
Figure 8- 3

Verification

As shown in Figure 8-3, enable URPF in strict mode on the aggregation devices, including FS A and FS B. The
configurations are as follows:

FS-A

FS-A# configure terminal
Enterconfigurationcommands,one per line. End withCNTL/Z.
FS-A (config)# interface gigabitEthernet0/1
FS-A (config-if-GigabitEthernet 0/1)#ip address 195.52.1.1 255.255.255.0
FS-A (config-if-GigabitEthernet 0/1)#ip verify unicast source reachable-via rx
FS-A (config-if-GigabitEthernet 0/1)# ip verify urpf drop-rate notify
FS-A (config-if-GigabitEthernet 0/1)#exit
FS-A (config)# interface gigabitEthernet0/2
FS-A (config-if-GigabitEthernet 0/2)#ip address 195.52.2.1 255.255.255.0
FS-A (config-if-GigabitEthernet 0/2)#ip verify unicast source reachable-via rx
FS-A (config-if-GigabitEthernet 0/2)# ip verify urpf drop-rate notify
FS-A (config-if-GigabitEthernet 0/2)#exit
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FS-B

FS-B# configure terminal
Enterconfigurationcommands,one per line. End withCNTL/Z.
FS-B (config)# interface gigabitEthernet0/1
FS-B (config-if-GigabitEthernet 0/1)#ip address 195.52.3.1 255.255.255.0
FS-B (config-if-GigabitEthernet 0/1)#ip verify unicast source reachable-via rx
FS-B (config-if-GigabitEthernet 0/1)# ip verify urpf drop-rate notify
FS-B (config-if-GigabitEthernet 0/1)#exit
FS-B (config)# interface gigabitEthernet0/2
FS-B (config-if-GigabitEthernet 0/2)#ip address 195.52.4.1 255.255.255.0
FS-B (config-if-GigabitEthernet 0/2)#ip verify unicast source reachable-via rx
FS-B (config-if-GigabitEthernet 0/2)# ip verify urpf drop-rate notify
FS-B (config-if-GigabitEthernet 0/2)#exit

Verification

If source address spoofing exists on the network, run the show ip urpf command to display the number of spoofing
packets dropped by URPF.

A

FS-A#show ip urpf interface gigabitEthernet 0/1
IP verify source reachable-via RX
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packets in this interface is 124
Number of drop-rate notification counts in this interface is 0

FS-A#show ip urpf interface gigabitEthernet 0/2
IP verify source reachable-via RX
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packets in this interface is 133
Number of drop-rate notification counts in this interface is 0

B

FS-B#show ip urpf interface gigabitEthernet 0/1
IP verify source reachable-via RX
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packets in this interface is 124
Number of drop-rate notification counts in this interface is 0
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FS-B#show ip urpf interface gigabitEthernet 0/2
IP verify source reachable-via RX
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packets in this interface is 250
Number of drop-rate notification counts in this interface is 0



Configuring the Loose Mode
On the egress device FS A of user network A, to prevent invalid packets from attacking the user network, enable
URPF in loose mode on the outbound interfaces G3/1 and G3/2 that connect to two ISPs.

Scenario
Figure 8- 4

FS-A

FS-A# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS-A (config)# interface gigabitEthernet3/1
FS-A (config-if-GigabitEthernet 3/1)# ip address 195.52.1.2 255.255.255.252
FS-A (config-if-GigabitEthernet 3/1)# ip verify unicast source reachable-via any
FS-A (config-if-GigabitEthernet 3/1)# ip verify urpf drop-rate notify
FS-A (config-if-GigabitEthernet 3/1)# exit
FS-A (config)# interface gigabitEthernet3/2
FS-A (config-if-GigabitEthernet 3/2)# ip address 152.95.1.2 255.255.255.252
FS-A (config-if-GigabitEthernet 3/2)# ip verify unicast source reachable-via any
FS-A (config-if-GigabitEthernet 3/2)# ip verify urpf drop-rate notify
FS-A (config-if-GigabitEthernet 3/2)# end

Verification

If source address spoofing exists on the network, run the show ip urpf command to display the number of spoofing
packets dropped by URPF.

A

FS #show ip urpf
IP verify URPF drop-rate compute interval is 300s
IP verify URPF drop-rate notify hold-down is 300s
Interface gigabitEthernet3/1
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IP verify source reachable-via ANY
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packetsinthis interface is4121
Number of drop-rate notification counts in this interface is 2
Interface gigabitEthernet3/2
IP verify source reachable-via ANY
IP verify URPF drop-rate notify enabled
IP verify URPF notification threshold is 1000pps
Number of drop packets in this interface is 352
Number of drop-rate notification counts in this interface is 0

8.4.2 Configuring the Function of Monitoring the URPF Packet Loss Information

Configuration Effect



After the function of monitoring the URPF packet loss information is enabled, the device can proactively send syslogs or trap
messages tonotifyusers of the packet lossinformation detectedin the URPF checkso that users canmonitor the networkstatus
conveniently.

Notes



URPF must beenabled.

Configuration Steps



Configuring the Calculation Interval of the URPF Packet Loss Rate



Optional.



Global configuration mode



Configuring the Alarm Interval of the URPF Packet Loss Rate



Optional.



Global configuration mode



Configuring the Function of Monitoring the URPF Packet Loss Information



Optional.



Interface configuration mode



Configuring the Threshold of the URPF Packet Loss Rate



Optional.



Interface configuration mode

Verification
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Simulate a source address spoofing attack, enable URPF, and check as follows:



Enable the alarm function. After the packet loss rate exceeds the threshold, check whether an alarm can be generated normally.

Related Commands



Configuring the Calculation Interval of the URPF Packet Loss Rate

Command

ip verify urpf drop-rate compute interval seconds

Parameter

interval seconds: Indicates the calculation interval of the URPF packet loss rate. The unit is second. The value ranges

Description

from 30 to 300. The default value is 30s.

Command

Global configuration mode

Mode
Usage Guide

The calculation interval of the URPF packet loss rate is configured in global configuration mode. The configuration is
applied to the global and interface-based calculation of the URPF packet loss rate.



Configuring the Alarm Interval of the URPF Packet Loss Rate

Command

ip verify urpf drop-rate notify hold-down seconds

Parameter

hold-down seconds: Indicates the alarm interval of the URPF packet loss rate. The unit is second. The value ranges

Description

from 30 to 300. The default value is 30s.

Command

Global configuration mode

Mode
Usage Guide

The alarm interval of the URPF packet loss rate is configured in global configuration mode. The configuration is
applied to the global and interface-based alarms of the URPF packet loss rate.



Configuring the Function of Monitoring the IPv4 URPF Packet Loss Information

Command

ip verify urpf drop-rate notify

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Afterthe functionof monitoring the URPFpacket lossinformationis enabled, the devicecan proactivelysend syslogs
or trap messages to notify users of the packet loss information detected in the URPF check so that users can monitor
the network status conveniently.



Configuring the Threshold of the IPv4 URPF Packet Loss Rate

Command

ip verify urpf notification threshold rate-value

Parameter

thresholdrate-value:IndicatesthethresholdoftheURPFpacketlossrate.The unitispps.The valuerangesfrom0to

Description

4,294,967,295. The default value is 1,000 pps.

Command

Interface configuration mode

Mode
Usage Guide

If the threshold is 0, a notification is sent for every packet that is dropped because it fails in the URPF check.
You can adjust the threshold based on the actual situation of the network.

Configuration Example



Setting the Calculation Interval of the URPF Packet Loss Rate to 120s
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Configuration

Set the calculation interval of the URPF packet loss rate to 120s in global configuration mode.

Steps
FS#configure terminal
FS(config)#ipverifyurpfdrop-ratecomputeinterval120
FS(config)# end

Verification

Run the show ip urpf command to check whether the configuration takes effect.
FS# show ip urpf
IP verify URPF drop-rate compute interval is 120s



Setting the Alarm Interval of the URPF Packet Loss Rate to 120s

Configuration

Set the alarm interval of the URPF packet loss rate to 120s in global configuration mode. The configuration takes

Steps

effect on both IPv4 URPF and IPv6 URPF.
FS#configure terminal
FS(config)#ip verifyurpf drop-rate notifyhold-down 120
FS(config)# end

Verification

Run the show ip urpf command to check whether the configuration takes effect.
FS# show ip urpfIP verify URPF drop-rate notify hold-down is 120s

8.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears statistics of the number of

clear ip urpf [interface interface-name]

packets dropped during the IPv4 URPF
check.
Displaying
Description

Command

Displays the IPv4 URPF configuration

show ip urpf [interface interface-name]

and statistics.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the URPF events.

debug urpf event

Debugs the URPF timers.

debug urpf timer
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9 Configuring CPP
9.1 Overview
The CPU Protect Policy (CPP) provides policies for protecting the CPU of a switch.
In network environments, various attack packets spread, which may cause high CPU usages of the switches, affect protocol running
and even difficulty in switch management. To this end, switch CPUs must be protected, that is, traffic control and priority-based
processing must be performed for various incoming packets to ensure the processing capabilities of the switch CPUs.
CPPcaneffectivelypreventmaliciousattacksinthenetworkand provideacleanenvironmentforlegitimateprotocol packets.
CPP is enabled by default. It provides protection during the entire operation of switches.

9.2 Applications
Application

Description

Preventing Malicious Attacks

Whenvarious malicious attackssuchas ARP attacksintrudeinanetwork,CPPdivides attack
packets into queues of different priorities so that the attack packets will not affect other
packets.

Preventing CPU Processing Bottlenecks

Even when no attacks exist, it would become a bottleneck for CPU to handle excessive
normal traffic. CPP can limit the rate of packets being sent to the CPU to ensure normal
operation of switches.

9.2.1 Preventing Malicious Attacks

Scenario
Network switches at all levels may be attacked by malicious packets, typically ARP attacks.
As shown in Figure 9- 1, switch CPUs process three types of packets: forwarding-plane, control-plane and protocol-plane.
Forwarding-plane packets are used for routing, including ARP packets and IP route disconnection packets. Control-plane packets are
used to manage services on switches, including Telnet packets and HTTP packets. Protocol-plane packets serve for running protocols,
including BPDU packets and OSPF packets.
When an attacker initiates attacks by using ARP packets, the ARP packets will be sent to the CPU for processing. Since the CPU has
limited processing capabilities, the ARP packets may force out other packets (which may be discarded) and consume many CPU
resources (for processing ARP attack packets). Consequently, the CPU fails to work normally. In the scenario as shown in Figure 9-1,
possible consequences include: common users fail to access the network; administrators fail to manage switches; the OSPF link
between switch A and the neighbor B is disconnected and route learning fails.
Figure 9- 1 Networking Topology of Switch Services and Attacks
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Deployment



By default, CPP classifies ARP packets, Telnet packets, IP route disconnection packets, and OSFP packets into queues of different
priorities. In this way, ARP packets will not affect other packets.



By default, CPP limits the rates of ARP packets and the rates of the priority queue where the ARP packets reside to ensure that
the attack packets do not occupy too many CPU resources.



Packetsinthe samepriority queue withARP packetsmay be affectedby ARP attackpackets.Youcandivide the packetsand the
ARP packets into different priority queues by means of configuration.



When ARP attack packets exist, CPP cannot prevent normal ARP packets from being affected. CPP can only differentiate the
packet type but cannot distinguish attack packets from normal packets of the same type. In this case, the Network Foundation
Protection Policy (NFPP) function can be used to provide higher-granularity attack prevention.
For description of NFPP configurations, see the Configuring NFPP.

9.2.2 Preventing CPU Processing Bottlenecks

Scenario
Even though no attacks exist, many packets may need to be sent to the CPU for processing at an instant.
For example, the accesses to the core device of a campus network are counted in ten thousands. The traffic of normal ARP packets
may reach dozens of thousands packets per second (PPS). If all packets are sent to the CPU for processing, the CPU resources cannot
support the processing, which may cause protocol flapping and abnormal CPU running.
Deployment



By default, the CPP function limits the rates of ARP packets and the rates of the priority queue where the APR packets reside to
control the rate of ARP packets sent to the CPU and ensure that the CPU resource consumption is within a specified range and
that the CPU can normally process other protocols.



By default, the CPP function also limits the rates of other packets at the user level.

9.3 Features
Basic Concepts

 QOS, DiffServ
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Quality of Service (QoS) is a network security mechanism, a technology used to solve the problems of network delay and congestion.
DiffServ refers to the differentiated service model, which is a typical model implemented by QoS for classifying service streams to
provide differentiated services.



Bandwidth, Rate

Bandwidth refers to the maximum allowable data rate, which refers to the rate threshold in this document. Packets whose rates
exceed the threshold will be discarded.
The rate indicates an actual data rate. When the rate of packets exceeds the bandwidth, packets out of the limit will be discarded. The
rate must be equal to or smaller than the bandwidth.
The bandwidth and rate units in this document are packets per second (pps).



L2, L3, L4

The structure of packets is hierarchical based on the TCP/IP model.
L2 refers to layer-2 headers, namely, the Ethernet encapsulation part; L3 refers to layer-3 headers, namely, the IP encapsulation part; L4
refers to layer-4 headers, usually, the TCP/UDP encapsulation part.



Priority Queue, SP

Packets are cached inside a switch and packets in the output direction are cached in queues. Priority queues are mapped to Strict
Priorities (SPs). Queues are not equal but have different priorities.
The SP is a kind of QoS scheduling algorithm. When a higher priority queue has packets, the packets in this queue are scheduled first.
Scheduling refers to selecting packets from queues for output and refers to selecting and sending the packets to the CPU in this
document.



CPU interface

Beforesending packetsto theCPU, aswitch willcachethepackets.The processof sending packetstothe CPUissimilar totheprocess
of packet output. The CPU interface is a virtual interface. When packets are sent to the CPU, the packets will be output from this virtual
interface. The priority queue and SP mentioned above are based on the CPU interface.
Overview
CPP protects the CPU by using the standard QoS DiffServ model.
Figure 9- 2 CPP Implementation Model

Feature

Description

Classfier

Classifies packet types and provides assurance for the subsequent implementation of QoS policies.

Meter

Limits rates based on packet types and controls the bandwidth for a specific packet type.

Queue

Queue packets to be sent to the CPU and select different queues based on packet types.

Scheduler

Selects and schedules queues to be sent to the CPU.
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Shaper

Performs rate limit and bandwidth control on priority queues and the CPU interface.

9.3.1 Classifier

Working Principle
The Classifier classifies all packets to be sent to the CPU based on the L2, L3 and L4 information of the packets. Classifying packets is
the basis for implementing QoS policies. In subsequent actions, different policies are implemented based on the classification to
provide differentiated services. A switch provides fixed classification. The management function classifies packet types based on the
protocols supported by the switch, for example, STP BPDU packets and ICMP packets. Packet types cannot be customized.
9.3.2 Meter

Working Principle
The Meter limits the rates of different packets based on the preset rate thresholds. You can set different rate thresholds for different
packet types. When the rate of a packet type exceeds the corresponding threshold, the packets out of the limit will be discarded.
By using the Meter, you can control the rate of a packet type sent to the CPU within a threshold to prevent specific attack packets from
exerting large impacts on the CPU resources. This is the level-1 protection of the CPP.
Related Configuration



By default, each packet type corresponds to a rate threshold (bandwidth) and Meter policies are implemented based on the rate
threshold.



In application, you can run the cpu-protect type packet-type bandwidth bandwidth-value command to set Meter policies for
specified packet types.

9.3.3 Queue

Working Principle
Queues are used to classify packets at level 2. You can select the same queue for different packet types; meanwhile, queues cache
packets inside switches and provide services for the Scheduler and Shaper.
CPPqueues are SP queues.The SPs ofthe packetsaredetermined based on thetimewhen they areadded toa queue. Packets witha
larger queue number have a higher priority.
Related Configuration



By default, each packet type is mapped to an SP queue.



In application, you can run the cpu-protect type packet-type traffic-class traffic-class-num command to select SP queues for
specific packet types.

9.3.4 Scheduler

Working Principle
The Scheduler schedules packets based on SPs of queues. That is, packets in a queue with a higher priority are scheduled first.
Before being scheduled, packets to be sent to the CPU are cached in queues. Whenbeing scheduled, the packets are sent to the CPU
for processing.
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Only the SP scheduling policy is supported and cannot be modified.
9.3.5 Shaper

Working Principle
The Shaper is used to shape packets to be sent to the CPU, that is, when the actual rate of packets is greater than the shaping
threshold, the packets must stay in the queue and cannot be scheduled. When packet rates fluctuate, the Shaper ensures that the
rates of packets sent to the CPU are smooth (no more than the shaping threshold).
When the Shaper is available, packets in a queue with a lower priority may be scheduled before all packets in a queue with a higher
priority are scheduled. If the rate of packets in a queue with certain priority exceeds the shaping threshold, scheduling of the packets
in this queue may be stopped temporarily. Therefore, the Shaper can prevent packets in queues with lower priorities from starvation
(which means that only packets in queues with higher priorities are scheduled and packets in queues with higher priorities are not
scheduled).
Since the Shaper limits the scheduling rates of packets, it actually plays the rate limit function. The Shaper provides level-2 rate limit
for priority queues and all packets sent to the CPU (CPU interface). The Shaper and Meter functions provide 3-level rate limit together
and provide level-3 protection for the CPU.
Figure 9- 3 3-Level Rate Limit of the CPP

Related Configuration

 Configuring the Shaper for priority queues


By default, each priority queue determines a shaping threshold (bandwidth).



In application, you can run the cpu-protect traffic-class traffic-class-num bandwidth bandwidth_value command to perform
Shaper configuration for a specific priority queue.

 Configuring the Shaper for the CPU Interface


By default, the CPU interface determines a shaping threshold (bandwidth).



Run the cpu-protect cpu bandwidth bandwidth_value command to perform Shaper configuration for the CPU interface.
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9.4 Configuration
Configuration

Description and Command
(Optional and configured by default) It is used to adjust the configuration parameters of CPP.

Configuring CPP

cpu-protect type packet-type bandwidth

Configures the Meter for a packet type.

cpu-protect type packet-type traffic-class

Configures the priority queue for a packet type.

cpu-protect

traffic-class

traffic-class-num

bandwidth
cpu-protect cpu bandwidth

Configures the Shaper for a priority queue.
Configures the Shaper for the CPU interface.

9.4.1 Configuring CPP

Configuration Effect



By configuring the Meter function, you can set the bandwidth and rate limit for a packet type. Packets out of the limit will be
directly discarded.



By configuring the Queue function, you can select a priority queue for a packet type. Packets in a queue with a higher priority
will bescheduled first.



By configuring the Shaper function, you can set the bandwidth and rate limit for a CPU interface and a priority queue. Packets
out of the limit will be directly discarded.

Notes



Pay special attention when the bandwidth of a packet type is set to a smaller value, which may affect the normal traffic of the
same type. To provide per-user CPP, combine the NFPP function.



When the Meter and Shaper functions are combined, 3-level protection will be provided. Any level protection fights alone may
bring negative effects. For example, if you want to increase the Meter of a packet type, you also need to adjust the Shaper of the
corresponding priority queue. Otherwise, the packets of this type may affect other types of packets in the same priority queue.

Configuration Steps



Configuring the Meter for a packet type



You can use or modify the default value but cannot disable it.



You need to modify the configuration in the following cases: when packets of a type are not attackers but are discarded, you
need to increase the Meter of this packet type. If attacks of a packet type cause abnormal CPU running, you need to decrease
the Meter of this packet type.



This configuration is available on all switches in a network environment.



Configuring the priority queue for a packet type



You can use or modify the default value but cannot disable it.



Youneed to modify the configuration in the following cases: When attacks of a packet type cause abnormality of other packets
in the same queue, you can put the packet type in an unused queue. If a packet type cannot be discarded but the packet type is
in the same queue with other packet types in use, you can put this packet type in a queue with a higher priority.



This configuration is available on all switches in a network environment.
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Configuring the Shaper for a priority queue



You can use or modify the default value and cannot disable it.



You need to modify the configuration in the following cases: If the Meter value of a packet type is greater which causes that
other packets in the corresponding priority queue do not have sufficient bandwidth, you need to increase the Shaper for this
priority queue. If attack packets are put in a priority queue and no other packets are in use, you need to increase the Shaper of
this priority queue.



This configuration is available on all switches in a network environment.



Configuring the Shaper for the CPU interface



You can use or modify the default value and cannot disable it.



You are not advised to change the Shaper of the CPU interface.



This configuration is available on all switches in a network environment.

Verification



Modify the configurations when the system runs abnormally, and view the system running after the modification to check
whether the configurations take effect.



Check whether the configurations take effect by viewing corresponding configurations and statistic values. For details, see the
following commands.

Related Commands



Configuring the Meter for a packet type

Command

cpu-protect type packet-type bandwidth bandwidth_value

Parameter

packet-type: Specifies a packet type. Packet types are defined.

Description

bandwidth_value: Sets the bandwidth, in the unit of packets per second (pps).

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the priority queue for a packet type

Command

cpu-protect type packet-type traffic-class traffic-class-num

Parameter

packet-type: Specifies a packet type. Packet types are defined.

Description

traffic-class-num: Specifies a priority queue.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Shaper for a priority queue

Command

cpu-protect traffic-class traffic-class-num bandwidth bandwidth_value

Parameter

traffic-class-num: Specifies a priority queue.

Description

bandwidth_value: Sets the bandwidth, in the unit of pps.

Command

Global configuration mode
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Mode
Usage Guide



N/A

Configuring the Shaper for a CPU interface

Command

cpu-protect cpu bandwidth bandwidth_value

Parameter

bandwidth_value: Sets the bandwidth, in the unit of pps.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Preventing packet attacks and network flapping by using CPP

Scenario



ARP, IP, OSPF, dot1x, VRRP, Telnet and ICMP streams are available in the system. In the current configurations,
ARP and 802.1X are in priority queue 2; IP, ICMP and Telnet streams are in priority queue 4; OSPF streams are in
priorityqueue 3; VRRPstreams are inpriority queue6. The Meter for each packet type is 10,000 pps; theshaper
for each priority queue is 20,000 pps; the Shaper for the CPU interface is 100,000 pps.



ARP attacks and IP scanning attacks exist in the system, which causes abnormal running of the system,
authentication failure, Ping failure, management failure, and OSPF flapping.

Configuration



Steps

Put ARP attack packets in priority queue 1 and limit the bandwidth for ARP packets or the corresponding
priority queue.



Put OSPF packets in priority queue 5.



Put IP Ping failure attack packets in priority queue 3 and limit the bandwidth for IP packets or the
corresponding priority queue.

FS# configure terminal
FS(config)# cpu-protect type arp traffic-class 1
FS(config)# cpu-protect type arp bandwidth 5000
FS(config)# cpu-protect type ospf traffic-class 5
FS(config)# cpu-protect type v4uc-route traffic-class 3
FS(config)# cpu-protect type traffic-class 3 bandwidth 5000
FS(config)# end
Verification

Run the show cpu-protect command to view the configuration and statistics.
FS#show cpu-protect
%cpu port bandwidth: 100000(pps)
Traffic-class
-------------
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-------------- --------- ---------

0

6000

0

0

1

6000

0

0

2

6000

0

0
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3

6000

0

0

4

6000

0

0

5

6000

0

0

6

6000

0

0

7

6000

0

0

PacketType

Traffic-class Bandwidth(pps) Rate(pps)

------------------ ------------- -------------- --------- --------- --------bpdu

6

Total Drop

----------

128

0

0

0

0

arp

1

3000

0

0

0

0

tpp

6

128

0

0

0

0

dot1x

2

1500

0

0

0

0

gvrp

5

128

0

0

0

0

rldp

5

128

0

0

0

0

lacp

5

256

0

0

0

0

rerp

5

128

0

0

0

0

reup

5

128

0

0

0

0

lldp

5

768

0

0

0

0

cdp

5

768

0

0

0

0

dhcps

2

1500

0

0

0

0

dhcps6

2

1500

0

0

0

0

dhcp6-client

2

1500

0

0

0

0

dhcp6-server

2

1500

0

0

0

0

dhcp-relay-c

2

1500

0

0

0

0

dhcp-relay-s

2

1500

0

0

0

0

option82

2

1500

0

0

0

0

tunnel-bpdu

2

128

0

0

0

0

tunnel-gvrp

2

unknown-v6mc
xgv6-ipmc
staFSv6-ipmc

xgv-ipmc

128
1

1

128
1

2

0

128
128

1

unknown-v4mc

www.fs.com

Drop(pps) Total

0
0

0

0

0
0

0
0

0

0

0

0
0

0

0

0

0

128
128

0

0
0

0

0
0

staFSv-ipmc

2

128

0

0

0

0

udp-helper

1

128

0

0

0

0
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dvmrp

4

128

0

0

0

0

igmp

2

1000

0

0

0

0

icmp

3

1600

0

0

0

0

ospf

4

2000

0

0

0

0

ospf3

4

2000

0

0

0

0

pim

4

1000

0

0

0

0

pimv6

4

1000

0

0

0

0

rip

4

128

0

0

0

0

ripng

4

128

0

0

0

0

vrrp

6

256

0

0

0

0

vrrpv6

6

256

0

0

0

0

ttl0

0

128

0

0

0

0

ttl1

0

2000

0

0

0

0

hop-limit

0

800

0

0

0

0

local-ipv4

3

4000

0

0

0

0

local-ipv6

3

4000

0

0

0

0

v4uc-route

1

800

0

0

0

0

v6uc-route

1

800

0

0

0

0

rt-host

4

3000

0

0

0

0

mld

2

0

0

0

0

nd-snp-ns-na

1

3000

0

0

0

0

nd-snp-rs

1

1000

0

0

0

0

nd-snp-ra-redirect

1

1000

erps

5

0

0

128

0

0

0

0

0

0

mpls-ttl0

4

128

0

0

0

0

mpls-ttl1

4

128

0

0

0

0

mpls-ctrl

4

128

0

0

0

0

isis

4

2000

0

0

0

0

bgp

4

2000

0

0

0

0

cfm

5

512

0

0

0

0

web-auth

2

2000

0

0

0

0

fcoe-fip

4

1000

0

0

0

0

fcoe-local

4

1000

0

0

0

0

bfd

www.fs.com
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6

5120

0

0

0

0
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micro-bfd

6

5120

0

0

0

0

micro-bfd-v6

6

5120

0

0

0

0

dldp

6

3200

0

0

0

0

other

0

4096

0

0

0

0

trill

4

1000

efm
ipv6-all

5
0

ip-option

-

0

0
0

800

mgmt

0

1000
2000

0

0

0
0

0

0
0

0

4000

0
0
0

0

4

0

0

4639

0

dns

2

200

0

0

0

0

sdn

0

5000

0

0

0

0

sdn_of_fetch

0

sdn_of_copy

0

sdn_of_trap

0

vxlan-non-uc
local-telnet
local-snmp
local-ssh

5000

1
3

5000

3

1000

0
0

0

0

0
0

0

0

0

0
0

0

0

0

0
0

0

0

0

512
1000

0

0

5000
1000

3

0

0
0

0
0

0
0

9.4.2 Configuring CPP Warning

Configuration Effect



By configuring CPP warning, periodic detection is enabled to check whether protocol packets or packets in queues are lost.



By configuring CPP warning of protocol packet loss, when protocol packets are lost, alarm logs are printed.



By configuring CPP warning of packet loss in a queue, when packets in a queue are lost, alarm logs are printed.

Notes
N/A
Configuration Steps



Enabling CPP Warning and Configuring Time Interval Between Two Detections of Packet Loss



You can run the cpp-warn warn-period value command to enable CPP waning and configure time interval between two
detections of packet loss.



By default, CPP waning is disabled.



EnablingCPP Warning ofProtocolPacket Loss



You can run the cpp-warn type packet-type warn command to enable CPP waning of protocol packet loss.



By default, CPP warning of protocol packet loss is disabled.



Enabling CPP Warning of Packet Loss in a Queue

www.fs.com
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Youcan run the cpp-warn traffic-class raffic-class-num warn command to enable CPP waning of packet loss in a queue.



By default, CPP waning of packet loss in a queue is disabled.

Related Commands



Configuring Time Interval Between Two Detections of Packet Loss

Command

cpp-warn warn-period value

Parameter

value: Specifies the interval between two detections of packet loss in the unit of second. The default value is 0, which

Description

means this detection is disabled.

Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling CPP Warning of Protocol Packet Loss

Command

cpp-warn type packet-type warn

Parameter

packet-type: Specifies a packet type. Packet types are defined.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Enabling CPP Warning of Packet Loss in a Queue

Command

cpp-warn traffic-class raffic-class-num warn

Parameter

traffic-class-num: Specifies a priority queue.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring CPP Warning

Configuration



Detectwhetherprotocolpacketsorpacketsinqueuesarelostevery10s.

Steps



Print alarm logs if ARP packets are lost.



Print alarm logs if packets in queue 1 are lost.

FS# configure terminal
FS(config)# cpp-warn warn-period 10
FS(config)# cpp-warn traffic-class 1 warn
FS(config)# cpp-warn type arp warn
Verification

Run the show run command to view the configuration.
FS# show run | inc cpp
cpp-warn warn-period 10
cpp-warn type arp warn
cpp-warn traffic-class 1 warn

www.fs.com
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9.5 Monitoring
Clearing
Description

Command

Clears the CPP statistics.

clear cpu-protect counters [device device_num]

Clears the CPP statistics on the master clear cpu-protect counters mboard
device.
Displaying
Description

Command

Displays the configuration and statistics

show cpu-protect type packet-type [device device_num]

of a packet type.
Displays the configuration and statistics

show cpu-protect traffic-class traffic-class-num [device device_num]

of a priority queue.
Displays the configuration on a CPU

show cpu-protect cpu

interface.
Displays all configurations and statistics show cpu-protect {mboard | summary }
on the master device.
Displays all configurations and statistics show cpu-protect [device device_num]
of CPP.
Displays CPP statistics of an interface.

show cpu-protect statistics [ interface interface-id ]

Displays a CPP statistics type.

show cpu-protect statistics type packet-type

Debugging
The preceding monitoring commands are available on both chassis and cassette devices in the standalone mode.
If the device value is not specified, the clear command is used to clear the statistics of all nodes in the system and the show
command is used to display the configurations on the master device.
In the standalone mode, the parameter device is unavailable.

10 Configuring DHCP Snooping
10.1 Overview
DHCP Snooping: DHCP Snooping snoops DHCP interactive packets between clients and servers to record and monitor users' IP
addresses and filter out illegal DHCP packets, including client request packets and server response packets. The legal user database
generated from DHCP Snooping records may serve security applications like IP Source Guard.
Protocols and Standards



RFC 2131: Dynamic Host Configuration Protocol



RFC 2132: DHCP Options and BOOTP Vendor Extensions

www.fs.com
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10.2 Applications
Application

Description

Guarding against DHCP service spoofing In a network with multiple DHCP servers, DHCP clients are allowed to obtain network
configurations only from legal DHCP servers.
Guarding against DHCP packetflooding

Malicious network users may frequently send DHCP request packets.

Guarding against forged DHCP packets

Malicious network users may send forged DHCP request packets, for example,
DHCP-RELEASE packets.

Guarding against IP/MAC spoofing

Malicious network users may send forged IP packets, for example, tampered source address
fields of packets.

Preventing Lease of IP Addresses

Network users may lease IP addresses rather than obtaining them from a DHCP server.

Detecting ARP attack

Malicious users forge ARP response packets to intercept packets during normal users'
communication.

10.2.1 Guarding Against DHCP Service Spoofing

Scenario
MultipleDHCPservers mayexistinanetwork.It isessentialtoensurethat user PCsobtain networkconfigurations only fromtheDHCP
servers within a controlled area.
Take the following figure as an example. The DHCP client can only communicate with trusted DHCP servers.



Request packets from the DHCP client can be transmitted only to trusted DHCP servers.



Only the response packets from trusted DHCP servers can be transmitted to the client.

Figure 10- 1

Remarks:

S is an access device.
A is a user PC.
B is a DHCP server within the controlled area.
C is a DHCP server out of the controlled area.

Deployment



Enable DHCP Snooping on S to realize DHCP packet monitoring.

www.fs.com
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Set the port on S connecting to B as trusted to transfer response packets.



Set the rest of ports on S as untrusted to filter response packets.

10.2.2 Guarding Against DHCP Packet Flooding

Scenario
Potential malicious DHCP clients in a network may send high-rate DHCP packets. As a result, legitimate users cannot obtain IP
addresses, and access devices are highly loaded or even break down. It is necessary to take actions to ensure network stability.
With the DHCP Snooping rate limitfunction for DHCP packets,a DHCP client can only send DHCP request packets at a rate below the
limit.



The request packets from a DHCP client are sent at a rate below the limit.



Packets sent at rates beyond the limit will be discarded.

Deployment



Enable DHCP Snooping on S to realize DHCP monitoring.



LimittheratesofDHCPpacketsfromtheuntrustedports.

10.2.3 Guarding Against Forged DHCP Packets

Scenario
Potential malicious clients in a network may forge DHCP request packets, consuming applicable IP addresses from the servers and
probably preempting legal users' IP addresses. Therefore, it is necessary to filter out illegal DHCP packets.
For example, as shown in the figure below, the DHCP request packets sent from DHCP clients will be checked.



The source MAC address fields of the request packets from DHCP clients must match the chaddr fields of DHCP packets.



The Release packets and Decline packets from clients must match the entries in the DHCP Snooping binding database.

Figure 10- 2

Remarks:

www.fs.com
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A and C are user PCs.
B is a DHCP server within the controlled area.
Deployment



Enable DHCP Snooping on S to realize DHCP monitoring.



Set the port on S connecting to B as trusted to transfer response packets.



Set the rest of ports on S as untrusted to filter response packets.



Enable DHCP Snooping Source MAC Verification on untrusted ports of S to filter out illegal packets.

10.2.4 Guarding Against IP/MAC Spoofing

Scenario
Check IP packets from untrusted ports to filter out forged IP packets based on IP or IP-MAC fields.
For example, in the following figure, the IP packets sent by DHCP clients are validated.



The source IP address fields of IP packets must match the IP addresses assigned by DHCP.



The source MAC address fields of layer-2 packets must match the chaddr fields in DHCP request packets from clients.

Figure 10- 3

Remarks:

Sisanaccess device.
Aand C are user PCs.
B is a DHCP server within the controlled area.

Deployment



Enable DHCP Snooping on S to realize DHCP monitoring.



Set all downlink ports on the S as DHCP Snooping untrusted.



Enable IP Source Guard on S to filter IP packets.



Enable IP Source Guard in IP-MAC based mode to check the source MAC and IP address fields of IP packets.

www.fs.com
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10.2.5 Preventing Lease ofIP Addresses

Scenario
Validate the source addresses of IP packets from untrusted ports compared with DHCP-assigned addresses.
Ifthesourceaddresses,connectedports,andlayer-2sourceMACaddressesofportsinIPpacketsdonotmatchtheassignmentsofthe
DHCP server, such packets will be discarded.
The networking topology scenario is the same as that shown in the previous figure.
Deployment



The same as that in the section "Guarding Against IP/MAC Spoofing".

10.2.6 Detecting ARP Attacks

Scenario
Check the ARP packets from untrusted ports and filter out the ARP packets unmatched with the assignments of the DHCP server.
For example, in the following figure, the ARP packets sent from DHCP clients will be checked.



The ports receiving ARP packets, the layer-2 MAC addresses, and the source MAC addresses of ARP packets senders shall be
consistent with the DHCP Snooping histories.

Figure 10- 4

Remarks:

Sisanaccess device.
Aand C are user PCs.
B is a DHCP server within the controlled area.

Deployment



Enable DHCP Snooping on S to realize DHCP monitoring.



Set all downlink ports on the S as untrusted.



Enable IP Source Guard and ARP Check on all the untrusted ports on S to realize ARP packet filtering.
All the above security control functions are only effective to DHCP Snooping untrusted ports.

www.fs.com
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10.3 Features
Basic Concepts



DHCP Request Packets

Request packets are sent from a DHCP client to a DHCP server, including DHCP-DISCOVER packets, DHCP-REQUEST packets,
DHCP-DECLINE packets, DHCP-RELEASE packets and DHCP-INFORM packets.



DHCP Response Packets

Response packets are sent from a DHCP server to a DHCP client, including DHCP-OFFER packets, DHCP-ACK packets and DHCP-NAK
packets.



DHCP Snooping Trusted Ports

IP address request interaction is complete via broadcast. Therefore, illegal DHCP services will influence normal clients' acquisition of IP
addresses and lead to service spoofing and stealing. To prevent illegal DHCP services, DHCP Snooping ports are divided into two types:
trusted ports and untrusted ports. The access devices only transmit DHCP response packets received on trusted ports, while such
packets from untrusted ports are discarded. In this way, we may configure the ports connected to a legal DHCP Server as trusted and
the other ports as untrusted to shield illegal DHCP Servers.
On switches, all switching ports or layer-2 aggregate ports are defaulted as untrusted, while trusted ports can be specified.



DHCP Snooping Packet Suppression

To shield all the DHCP packets on a specific client, we can enable DHCP Snooping packet suppression on its untrusted ports.



VLAN-based DHCP Snooping

DHCP Snooping can work on a VLAN basis. By default, when DHCP Snooping is enabled, it is effective to all the VLANs of the current
client. Specify VLANs help control the effective range of DHCP Snooping flexibly.



DHCP Snooping Binding Database

InaDHCP network,clients may setstaticIPaddressesrandomly.Thisincreasesnot only thedifficultyof networkmaintenancebut also
the possibility that legal clients with IP addresses assigned by the DHCP server may fail to use the network normally due to address
conflict. Through snooping packets between clients and servers, DHCP Snooping summarizes the user entries including IP addresses,
MAC address, VLAN ID (VID), ports and lease time to build the DHCP Snooping binding database. Combined with ARP detection and
ARP check, DHCP Snooping controls the reliable assignment of IP addresses for legal clients.



DHCP Snooping Rate Limit

DHCP Snooping rate limit function can be configured through the rate limit command of Network Foundation Protection Policy
(NFPP). For NFPP configuration, see the Configuring NFPP.



DHCP Option82

DHCP Option82, an option for DHCP packets, is also called DHCP Relay Agent Information Option. As the option number is 82, it is
known as Option82. Option82 is developed to enhance the security of DHCP servers and improve the strategies of IP address
assignment. The option is often configured for the DHCP relay services of a network access device like DHCP Relay and DHCP
Snooping.This option is transparent to DHCP clients, and DHCP relay components realize the addition and deduction of the option.



Illegal DHCP Packets

www.fs.com
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Through DHCP Snooping, validation is performed on the DHCP packets passing through a client. Illegal DHCP packets are discarded,
user information is recorded into the DHCP Snooping binding database for further applications (for example, ARP detection). The
following types of packets are considered illegal DHCP packets.



The DHCP response packets received on untrusted ports, including DHCP-ACK, DHCP-NACK and DHCP-OFFER packets



The DHCP request packets carrying gateway information giaddr, which are received on untrusted ports



When MAC verification is enabled, packets with source MAC addresses different with the value of the chaddr field in DHCP
packets



DHCP-RELEASE packets with the entry in the DHCP Snooping binding database Snooping while with untrusted ports
inconsistent with settings in this binding database



DHCP packets in wrong formats, or incomplete

Overview
Feature

Description

Filtering DHCP packets Perform legality check on DHCP packets and discard illegal packets (see the previous section for the
introduction of illegal packets). Transfer requests packets received on trusted ports only.
Building
Snooping

the

DHCP
binding

Snoop the interaction between DHCP clients and the server, and generate the DHCP Snooping binding
database to provide basis for other filtering modules.

database
10.3.1 Filtering DHCP Packets

Perform validation on DHCP packets from untrusted ports. Filter out the illegal packets as introduced in the previous section "Basic
Concepts".
Working Principle
During snooping, check the receiving ports and the packet fields of packets to realize packet filtering, and modify the destination
ports of packets to realize control of transmit range of the packets.



Checking Ports

In receipt of DHCP packets, a client first judges whether the packet receiving ports are DHCP Snooping trusted ports. If yes, legality
check and binding entry addition are skipped, and packets are transferred directly. For not, both the check and addition are needed.



Checking Packet Encapsulation and Length

A client checks whether packets are UDP packets and whether the destination port is 67 or 68. Check whether the packet length
match the length field defined in protocols.



Checking Packet Fields and Types

According to the types of illegal packet introduced in the section "Basic Concepts",check the fields giaddr and chaddr in packets and
then check whether the restrictive conditions for the type of the packet are met.
Related Configuration



Enabling Global DHCP Snooping

By default, DHCP Snooping is disabled.
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It can be enabled on a device using the ip dhcp snooping command.
Global DHCP Snooping must be enabled before VLAN-based DHCP Snooping is applied.



Configuring VLAN-based DHCP Snooping

By default, when global DHCP Snooping is effective, DHCP Snooping is effective to all VLANs.
Use the [ no ] ip dhcp snooping vlan command to enable DHCP Snooping on specified VLANs or delete VLANs from the specified
VLANs. The value range of the command parameter is the actual range of VLAN numbers.



Configuring DHCP Snooping Source MAC Verification

By default, the layer-2 MAC addresses of packets and the chaddr fields of DHCP packets are not verified.
When the ip dhcp snooping verify mac-address command is used, the source MAC addresses and the chaddr fields of the DHCP
request packetssent from untrusted portsare verified.The DHCP request packetswithdifferent MAC addresses will be discarded.
10.3.2 Building the Binding Database

DHCP Snooping detects the interactive packets between DHCP clients and the DHCP server, and generate entries of the DHCP
Snooping binding database according to the information of legal DHCP packets. All these legal entries are provided to other security
modules of a client as the basis of filtering packets from network.
Working Principle
During snooping, the binding database is updated timely based on the types of DHCP packets.



Generating Binding Entries

When a DHCP-ACK packet on a trusted port is snooped, the client's IP address, MAC address, and lease time field are extracted
together with the port ID (a wired interface index) and VLAN ID. Then, a binding entry of it is generated.



Deleting Binding Entries

When the recorded lease time of a binding entry is due, it will be deleted if a legal DHCP-RELEASE/DHCP-DECLINE packet sent by the
client or a DHCP-NCK packet received on a trusted port is snooped, or the clear command is used.
Related Configuration
No configuration is needed except enabling DHCP Snooping.

10.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable DHCP Snooping.
ip dhcp snooping

Enables DHCP Snooping.

Configuring basic functions of

ip dhcp snooping suppression

Enables DHCP Snooping packet suppression.

DHCP Snooping

ip dhcp snooping vlan

Enables VLAN-based DHCP Snooping.

ip dhcp snooping verify mac-address
ip dhcp snooping database write-delay
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Flash periodically.
ip dhcp snooping database write-to-flash
renew ip dhcp snooping database

Writes the DHCP Snooping binding database to
Flash manually.
Imports the backup file storage to the DHCP
Snooping Binding database.

ip dhcp snooping trust

Configures DHCP Snooping trusted ports.

ip dhcp snooping bootp

Enables BOOTP support.

ip dhcp snooping check-giaddr

Enables DHCP Snooping to support the
function of processing Relay requests.

(Optional)It is used to optimize the address assignment by DHCP servers.
ip dhcp snooping Information option
Configuring Option82

Adds Option82 functions to DHCP request
packets.

ip dhcp snooping information option format

Configures the sub-potion remote-id of

remote-id

Option82 as a user-defined character string.

ip dhcp snooping vlan information option

Configures the

format-type circuit-id string

Option82 as a user-defined character string.

sub-option

circuit-id of

10.4.1 Configuring Basic Features

Configuration Effect



Enable DHCP Snooping.



Generate the DHCP Snooping binding database.



Control the transmit range of DHCP packets.



Filter out illegal DHCP packets.

Notes



The ports on clients connecting a trusted DHCP server must be configured as trusted.



DHCP Snooping is effective on the wired switching ports, layer-2 aggregate ports, and layer-2 encapsulation sub-interfaces. The
configuration can be implemented in interface configuration mode.



DHCP Snoopingand DHCP RelayaremutuallyexclusiveinVRF scenarios.

Configuration Steps



Enabling Global DHCP Snooping



Mandatory.



Unless otherwise noted, the feature should be configured on access devices.



Enabling or Disabling VLAN-based DHCP Snooping



DHCP Snooping can be disabled if not necessary for some VLANs.



Unless otherwise noted, the feature should be configured on access devices.



Configuring DHCP Snooping Trusted Ports
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Mandatory.



Configure the ports connecting a trusted DHCP server as trusted.



Enabling DHCP Snooping Source MAC Validation



This configuration is required if the chaddr fields of DHCP request packets match the layer-2 source MAC addresses of data
packets.



Unless otherwise noted, the feature should be enabled on all the untrusted ports of access devices.



Writing the DHCP Snooping Binding Database to Flash Periodically



Enable this feature to timely save the DHCP Snooping binding database information in case that client reboot.



Unless otherwise noted, the feature should be configured on access devices.



Enabling BOOTPSupport



Optional



Unless otherwise noted, the feature should be configured on access devices.



Enabling DHCP Snooping to Process Relay Requests



Optional.



Unless otherwise noted, the feature should be enabled on access devices.


Verification
Configure a client to obtain network configurations through the DHCP protocol.



Check whether the DHCP Snooping Binding database is generated with entries on the client.

Related Commands



Enabling or Disabling DHCP Snooping

Command

[ no ] ip dhcp snooping

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

After global DHCP Snooping is enabled, you can check DHCP Snooping using the show ip dhcp snooping
command.



Configuring VLAN-based DHCP Snooping

Command

[ no ] ip dhcp snooping vlan { vlan-rng | {vlan-min [ vlan-max ] } }

Parameter

vlan-rng: Indicates the range of VLANs

Description

vlan-min: The minimum VLAN ID
vlan-max: The maximum VLAN ID

Command

www.fs.com
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Mode
Usage Guide

Usethiscommandtoenableor disableDHCPSnooping on specifiedVLANs.This featureisavailableonly after global
DHCP Snooping is enabled.



Configuring DHCP Snooping Packet Suppression

Command

[ no ] ip dhcp snooping suppression

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Use this command to reject all DHCP request packets at the port, that is, to forbid all users under the port to apply for
addresses via DHCP.



Configuring DHCP Snooping Source MAC Verification

Command

[ no ] ip dhcp snooping verify mac-address

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Through the source MAC address verification, the MAC addresses in link headers and the CLIENT MAC fields in the
request packets sent by a DHCP CLIENT are checked for consistence. When the source MAC address verification fails,
packets will be discarded.



Writing DHCP Snooping Database to Flash Periodically

Command

[ no ] ip dhcp snooping database write-delay [ time ]

Parameter

time: Indicates the interval between two times of writing the DHCP Snooping database to the Flash.

Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to write the DHCP Snooping database to FLASH document. This can avoid binding information
loss which requires re-obtaining IP addresses to resume communication after the device restarts.



Writing the DHCP Snooping Database to Flash Manually

Command

ip dhcp snooping database write-to-flash

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to write the dynamic user information in the DHCP Snooping database in FLASH documents in
real time.
If a device is upgraded from a non-QinQ version to a QinQ version (or vice versa), binding entries cannot be restored
from FLASH documents because of version differences between FLASH documents.



Importing Flash Storage to the DHCP Snooping Binding Database
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Command

renew ip dhcp snooping database

Parameter

N/A

Description
Command

Privileged configuration mode

Mode
Usage Guide



Use this command to import the information from backup file documents to the DHCP Snooping binding database.

Configuring DHCP Snooping Trusted Ports

Command

[ no ] ip dhcp snooping trust

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Use this command to configure a port connected to a legal DHCP server as a trusted port. The DHCP response
packets received by trusted ports are transferred, while those received by untrusted ports are discarded.



Enabling or Disabling BOOTP Support

Command

[ no ] ip dhcp snooping bootp

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



Use this command to support the BOOPT protocol.

Enabling DHCP Snooping to Process Relay Requests

Command

[ no ] ip dhcp snooping check-giaddr

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide After the feature is enabled, services using DHCP Snooping binding entries generated based on Relay requests, such as
IP Source Guard/802.1x authentication, cannot be deployed. Otherwise, users fail to access the Internet.
After the feature is enabled, the ip dhcp snooping verify mac-address command cannot be used. Otherwise, DHCP
Relay requests will be discarded and as a result, users fail to obtain addresses.
Configuration Example



DHCP Client Obtaining IP addresses Dynamically from a Legal DHCP Server

www.fs.com

1856

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 10- 5

Configuration



Enable DHCP Snooping on an access device (Switch B in this case).

Steps



Configure the uplink port (port Gi 0/1 in this case) as a trusted port.

B

B#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
B(config)#ip dhcp snooping
B(config)#interface gigabitEthernet 0/1
B(config-if-GigabitEthernet 0/1)#ip dhcp snooping trust
B(config-if-GigabitEthernet 0/1)#end

Verification

B

Check the configuration on Switch B.



Checkwhether DHCPSnooping isenabled, and whether theconfiguredDHCP Snooping trusted port isuplink.



Check the DHCP Snooping configuration on Switch B, and especially whether the trusted port is correct.

B#show running-config
!
ip dhcp snooping
!
interface GigabitEthernet 0/1
B#show ip dhcp snooping
Switch DHCP Snooping status

:

DHCP Snooping Verification of hwaddr status
DHCP Snooping database write-delay time

DISABLE
:

0 seconds

DHCPSnooping option82status

:

DISABLE

DHCP Snooping Support BOOTP bind status

:

DISABLE

Interface
-----------------------GigabitEthernet 0/1

www.fs.com

:

ENABLE

Trusted
-------

Rate limit (pps)

---------------YES

unlimited
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B#show ip dhcp snooping binding
Total number of bindings: 1
MacAddress

IpAddress

Lease(sec)

Type

VLAN Interface

------------------ --------------- ------------ ------------- ----- -------------------0013.2049.9014

172.16.1.2

86207

dhcp-snooping 1

GigabitEthernet0/11

Common Errors



The uplink port is not configured as a DHCP trusted port.



Another access security option is already configured for the uplink port, so that a DHCP trusted port cannot be configured.

10.4.2 Configuring Option82

Configuration Effect



Enable a DHCP server to obtain more information and assign addresses better.



The Option82 function is client-oblivious.

Notes



The Opion82 functions for DHCP Snooping and DHCP Relay are mutually exclusive.

Configuration Steps



To realize optimization of address allocation, implement the configuration.



Unless otherwise noted, enable this function on access devices with DHCP Snooping enabled.

Verification
Check whether the DHCP Snooping configuration options are configured successfully.
Related Commands



Adding Option82 to DHCP Request Packets

Command

[ no ] ip dhcp snooping information option [ standard-format ]

Parameter

standard-format: Indicates a standard format of the Option82 options

Description
Command

Global configuration mode

Mode
Usage Guide

Use this command to add Option82 to DHCP request packets so that a DHCP server assigns addresses according to
such information.



Configuring Sub-option remote-id of Option82 as User-defined Character String

Command

[ no ] ip dhcp snooping information option format remote-id { string ASCII-string | hostname }

Parameter

string ASCII-string: Indicates the content of the extensible format, the Option82 option remote-id, is a user-defined

Description

character string
hostname: Indicates the content of the extensible format, the Option82 option remote-id, is a host name.
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Configuration

Global configuration mode

mode
Usage Guide

Use this command to configure the sub-option remote-id of the Option82 as user-defined content, which is added
to DHCP request packets. A DHCP server assigns addresses according to Option82 information.



Configuring Sub-Option circuit -id of Option82 as User-defined Character String

Command

[ no ] ip dhcp snooping vlan vlan-id information option format-type circuit-id string ascii-string

Parameter

vlan-id: Indicates the VLAN where a DHCP request packet is

Description

ascii-string: Indicates the user-defined string

Configuration

Interface configuration mode

mode
Usage Guide

Use this command to configure the sub-option circuit-id of the Option82 as user-defined content, which is added to
DHCP request packets. A DHCP server assigns addresses according to Option82 information.

Configuration Example



Configuring Option82 to DHCP Request Packets

Configuration



Configuring basic functions of DHCP Snooping.

Steps



Configuring Option82.

B

FS# configure terminal
FS(config)#ip dhcpsnooping informationoption
FS(config)# end

Verification

Check the DHCP Snooping configuration.

B

B#show ip dhcp snooping
SwitchDHCP Snooping status

:

DHCP Snooping Verification of hwaddr status

:

DHCP Snooping database write-delay time

-----------------------GigabitEthernet 0/1

0seconds
:

DHCP Snooping Support bootp bind status
Interface

DISABLE
:

DHCPSnooping option82status

Trusted
-------

ENABLE

ENABLE

: DISABLE
Rate limit (pps)

---------------YES

unlimited

Common Errors



N/A

10.5Monitoring
Clearing
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Running the clear commands may lose vital information and thus interrupt services.
Description
Clears the

Command
DHCP Snooping binding

clear ip dhcp snooping binding [ ip ] [ mac ] [ vlan vlan-id ] [ interface interface-id ]

database.
Displaying
Description

Command

Displays DHCP Snooping configuration.

show ip dhcp snooping

Displays the DHCP Snooping binding

show ip dhcp snooping binding

database.
Debugging
System resources are occupied when debugging information is output. Disable the debugging switch immediately after use.
Description

Command

Debugs DHCP Snooping events.

debug snooping ipv4 event

Disables debugging DHCP Snooping

no debug snooping ipv4 event

events.
Debugs DHCP Snooping packets.

debug snooping ipv4 packet

Disables debugging DHCP Snooping

no debug snooping ipv4 packet

packets.
Enables debugging MAC-based DHCP
Snooping.
Disables debugging MAC-based DHCP
Snooping.

debug snooping ipv4 mac-address H.H.H
no debug snooping ipv4 mac-address H.H.H

Enables debugging all DHCP Snooping

debug snooping ipv4 all

Disables debugging all DHCP Snooping

no debug snooping ipv4 all

11 Configuring NFPP
11.1 Overview
Network Foundation Protection Policy (NFPP) provides guards for switches.
Malicious attacks are always found in the network environment. These attacks bring heavy burdens to switches, resulting in high CPU
usage and operational troubles. These attacks are as follows:
Denial of Service (DoS) attacks may consume lots of memory, entries, or other resources of a switch, which will cause system service
termination.
Massive attack traffic is directed to the CPU, occupying the entire bandwidth of the CPU. In this case, normal protocol traffic and
management traffic cannot be processed by the CPU, causing protocol flapping or management failure. The forwarding in the data
plane will also be affected and the entire network will become abnormal.
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A great number of attack packets directed to the CPU consume massive CPU resources, making the CPU highly loaded and thereby
influencing device management and performance.
NFPP can effectively protect the system from these attacks. Facing attacks, NFPP maintains the proper running of various system
services with a low CPU load, thereby ensuring the stability of the entire network.

11.2 Applications
Application

Description
Due tovarious maliciousattackssuchasARPattacks and IPscanning attacksinthenetwork,

Attack Rate Limiting

the CPU cannot process normal protocol and management traffics, causing protocol
flapping or management failure. The NFPP attack rate limiting function is used to limit the
rate of attack traffic or isolate attack traffic to recover the network.
If normal service traffics are too large, you need to classify and prioritize the traffics. When a
large number of packets are directed to the CPU, the CPU will be highly loaded, thereby

CentralizedBandwidth Allocation

causing device management or device running failure. The centralized bandwidth
distribution function is used to increase the priority of such traffics so that switches can run
stably.

11.2.1 Attack Rate Limiting

Scenario
NFPP supports attack detection and rate limiting for various types of packets, including Address Resolution Protocol (ARP), Internet
Control Message Protocol (ICMP), and Dynamic Host Configuration Protocol (DHCP) packets. It also allows users to define packet
matching characteristics and corresponding attack detection and rate limiting policies. The attack rate limiting function takes effect
based on types of packets. This section uses ARP packets as an example scenario to describe the application.
If an attacker floods ARP attack packets while CPU capability is insufficient, most of the CPU resources will be consumed for processing
these ARP packets. If the rate of attacker's ARP packet rates exceeds the maximum ARP bandwidth specified in the CPU Protect Policy
(CPP) of the switch, normal ARP packets may be dropped. As shown in Figure 11- 1, normal hosts will fail to access the network, and
the switch will fail to send ARP replies to other devices.
Figure 11- 1

Deployment
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By default, the ARP attack detection and rate limiting function is enabled with corresponding policies configured. If the rate of
anattacker'sARPpacketsexceedstheratelimit,thepacketsarediscarded.Ifitexceedstheattackthreshold,amonitoringuseris
generated and prompt information is exported.



If the rate of an attacker's ARP packets exceeds the rate limit defined in CPP and affects normal ARP replies, you can enable
attack isolation to discard ARP attack packets based on the hardware and recover the network.
For details about CPP-related configurations, see the Configuring CPU Protection.
To maximize the use of NFPP guard functions, modify the rate limits of various services in CPP based on the application
environment or use the configurations recommended by the system. You can run the show cpu-protect summary command
to display the configurations.

11.2.2 Centralized Bandwidth Allocation

Scenario
A switch classifies services defined in CPP into three types: Manage, Route, and Protocol. Each type of services has an independent
bandwidth. Different types of services cannot share their bandwidths. Traffics with bandwidths exceeding the thresholds will be
discarded. By such service classification, service packets are processed by orders of precedence.
As shown in Figure 11- 2, the switch receives a large number of Telnet packets, OSPF packets, and ARP packets, causing CPU overload.
In this case, the CPU cannot process all packets, and a large quantity of packets are backlogged in the queue, causing various
problems such as frequent Telnet disconnection, OSPF protocol flapping, and ARP access failure on hosts.
Figure 11- 2

Deployment



By default, CPU centralized bandwidth allocation is enabled to assign an independent bandwidth and bandwidth ratio to each
type of services. At the time, the CPU first processes Telnet packets to ensure uninterrupted connection of Telnet service, and
then processes OSPF packets to maintain OSPF protocol stability, and finally processes ARP packets.



If the preceding problems still occur in default configurations, you can accordingly adjust the bandwidths and bandwidth ratios
of various types of services.
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11.3 Features
Basic Concepts



ARP Guard

In local area networks (LANs), IP addresses are mapped to MAC addresses through ARP,which has a significant role in safeguarding
network security. ARP-based DoS attacks mean that a large number of unauthorized ARP packets are sent to the gateway through the
network, causing the failure of the gateway to provide services for normal hosts. Toprevent such attacks, limit the rate of ARP packets
and identify and isolate the attack source.



IP Guard

Many hacker attacks and network virus intrusions start from scanning active hosts in the network. Therefore, many scanning packets
rapidly occupy the network bandwidth, causing network communication failure.
Tosolvethisproblem,FSLayer-3switchesprovideIPguardfunctiontoprevent hackerscanningandBlasterWormvirusesand reduce
the CPU load. Currently, there are mainly two types of IP attacks:
Scanning destination IP address changes: As the greatest threat to the network, this type of attacks not only consumes network
bandwidth and increases device load but also is a prelude of most hacker attacks.
Sending IP packets to non-existing destination IP addresses at high rates: This type of attacks is mainly designed for consuming the
CPU load. For a Layer-3 device, if the destination IP address exists, packets are directly forwarded by the switching chip without
occupyingCPUresources.Ifthedestination IPaddress does not exist,IPpacketsaresenttotheCPU, whichthensends ARPrequests
toquery the MAC address corresponding to the destination IP address. If too many packets aresent tothe CPU, CPU resources willbe
consumed. This type of attack is less destructive than the former one.
To prevent the latter type of attack, limit the rate of IP packets and find and isolate the attack source.



ICMP Guard

ICMP is a common approach to diagnose network failures. After receiving an ICMP echo request from a host, the router or switch
returns an ICMP echo reply. The preceding process requires the CPU to process the packets, thereby definitely consuming part of CPU
resources. If an attacker sends a large number of ICMP echo requests to the destination device, massive CPU resources on the device
will be consumed heavily, and the device may even fail to work properly. This type of attacks is called ICMP flood. Toprevent this type
of attacks, limit the rate of ICMP packets and find and isolate the attack source.



DHCP Guard

DHCP is widely used in LANs to dynamically assign IP addresses. It is significant to network security. Currently, the most common
DHCP attack, also called DHCP exhaustion attack, uses faked MAC addresses to broadcast DHCP requests. Various attack tools on the
Internet can easily complete this type of attack. A network attacker can send sufficient DHCP requests to use up the address space
provided by the DHCP server within a period. In this case, authorized hosts will fail to request DHCP IP addresses and thereby fail to
access the network. To prevent this type of attacks, limit the rate of DHCP packets and find and isolate the attack source.



DHCPv6 Guard

DHCP version 6 (DHCPv6) is widely used in LANs to dynamically assign IPv6 addresses. Both DHCP version 4 (DHCPv4) and DHCPv6
have security problems. Attacks to DHCPv4 apply also to DHCPv6. A network attacker can send a large number of DHCPv6 requests to
use up the address space provided by the DHCPv6 server within a period. In this case, authorized hosts will fail to request IPv6
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addresses and thereby fail to access the network. To prevent this type of attacks, limit the rate of DHCPv6 packets and find the attack
source.

 ND Guard
Neighbor Discovery (ND) is mainly used in IPv6 networks to perform address resolution, router discovery, prefix discovery, and
redirection. ND uses five types of packets: Neighbor Solicitation (NS), Neighbor Advertisement (NA), Router Solicitation (RS), Router
Advertisement (RA), and Redirect. These packets are called ND packets.

 Self-Defined Guard
There are various types of network protocols, including routing protocols such as Open Shortest Path First (OSPF), Border Gateway
Protocol (BGP), and Routing Information Protocol (RIP). Various devices need to exchange packets through different protocols. These
packets must be sent to the CPU and processed by appropriate protocols. Once the network device runs a protocol, it is like opening a
window for attackers. If an attacker sends a large number of protocol packets to a network device, massive CPU resources will be
consumed on the device, and what's worse, the device may fail to work properly.
Since various protocols are being continuously developed, protocols in use vary with the user environments. FS devices hereby
provide self-defined guard. Users can customize and flexibly configure guard types to meet guard requirements in different user
environments.
Overview
Feature
Host-based Rate Limiting
and Attack Identification
Port-based Rate Limiting and
Attack Identification

Description
Limits the rate according to the host-based rate limit and identify host attacks in the network.
Limits the rate according to the port-based rate limit and identify port attacks.

Monitoring Period

Monitors host attackers in a specified period.

Isolation Period

Uses hardware to isolate host attackers or port attackers in a specified period.

Trusted Hosts

Trusts a host by not monitoring it.

Centralized
BandwidthAllocation

Classifies and prioritizes packets.

11.3.1 Host-based Rate Limiting and Attack Identification

Limit the rate of attack packets of hosts and identify the attacks.
Identify ARP scanning.
Identify IP scanning.
Working Principle
Hosts can be identified in two ways: based on the source IP address, VLAN ID, and port and based on the link-layer source MAC
address, VLAN ID, and port. Each host has a rate limit and an attack threshold (also called alarm threshold). The rate limit must be
lower than the attack threshold. If the attack packet rate exceeds the rate limit of a host, the host discards the packets beyond the rate
limit. If the attack packet rate exceeds the attack threshold of a host, the host identifies and logs the host attacks, and sends traps.
ARP scanning attack may have occurred if ARP packets beyond the scanning threshold received in the configured period meet either
of the following conditions:
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The link-layer source MAC address is fixed but the source IP address changes.



The link-layer source MAC address and source IP address are fixed but the destination IP address continuously changes.

Among IP packets beyond the scanning threshold received in the configured period, if the source IP address remains the same while
the destination IP address continuously changes, IP scanning attack may have occurred.
When NFPP detects a specific type of attack packets under a service, it sends a trap to the administrator. If the attack traffic
persists, NFPP will not resend the alarm until 60 seconds later.
Toprevent CPU resource consumption caused by frequent log printing, NFPP writes attack detection logs to the buffer, obtains
them from the buffer at a specified rate, and prints them. NFPP does not limit the rate of traps.
Related Configuration
Use ARP guard as an example:



Configuring the Global Host-based Rate Limit, Attack Threshold, and Scanning Threshold

In NFPP configuration mode:
Run the arp-guardrate-limit {per-src-ip | per-src-mac} pps command toconfigure ratelimits of hosts identified based on the source
IP address, VLAN ID, and port and hosts identified based on the link-layer source MAC address, VLAN ID, and port.
Run the arp-guard attack-threshold {per-src-ip | per-src-mac} pps command to configure attack thresholds of hosts identified
based on the source IP address, VLAN ID, and port and hosts identified based on the link-layer source MAC address, VLAN ID, and port.
Run the arp-guard scan-threshold pkt-cnt command to configure the ARP scanning threshold.



Configuring Host-based Rate Limit and Attack Threshold, and Scanning Threshold on an Interface

In interface configuration mode:
Run the nfpp arp-guard policy {per-src-ip | per-src-mac} rate-limit-pps attack-threshold-pps command to configure rate limits and
attack thresholds of hosts identified based on the source IP address, VLAN ID, and port and hosts identified based on the link-layer
source MAC address, VLAN ID, and port on an interface.
Run the nfpp arp-guard scan-threshold pkt-cnt command to configure the scanning threshold on an interface.
Only ARP guard and IP guard support anti-scanning at present.
11.3.2 Port-based Rate Limiting and Attack Identification

Working Principle
Each port has a rate limit and an attack threshold. The rate limit must be lower than the attack threshold. If the packet rate exceeds the
rate limit on a port, the port discards the packets. If the packet rate exceeds the attack threshold on a port, the port logs the attacks
and sends traps.
Related Configuration
Use ARP guard as an example:



Configuring the Global Port-based Rate Limit and Attack Threshold

In NFPP configuration mode:
Run the arp-guard rate-limit per-port pps command to configure the rate limit of a port.
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Run the arp-guard attack-threshold per-port pps command to configure the attack threshold of a port.



Configuring Port-based Rate Limit and Attack Threshold on an Interface

In interface configuration mode:
Run the nfpparp-guard policy per-port rate-limit-ppsattack-threshold-pps command toconfigure therate limit and attackthreshold
of a port.
11.3.3 Monitoring Period

Working Principle
The monitoring user provides information about attackers in the current system. If the isolation period is 0 (that is, not isolated), the
guard module automatically performs software monitoring on attackers in the configured monitoring period. If the isolation period is
set to a non-zero value, the guard module automatically isolates the hosts monitored by software and sets the timeout period as the
isolation period. The monitoring period is valid only when the isolation period is 0.
Related Configuration
Use ARP guard as an example:



Configuring the Global Monitoring Period

In NFPP configuration mode:
Run the arp-guard monitor-period seconds command to configure the monitoring period.
11.3.4 Isolation Period

Working Principle
Isolation is performed by the guard policies after attacks are detected. Isolation is implemented using the filter of the hardware to
ensure that these attacks will not be sent to the CPU, thereby ensuring proper running of the device.
Hardware isolation supports two modes:host-based and port-based isolation. At present, only ARPor ND guard supports port-based
hardware isolation.
A policy is configured in the hardware to isolate attackers. However, hardware resources are limited. When hardware resources are
used up, the system prints logs to notify the administrator.
Related Configuration
Use ARP guard as an example:



Configuring the Global Isolation Period

In NFPP configuration mode:
Run the arp-guard isolate-period [seconds | permanent] command to configure the isolation period. If the isolation period is set to 0,
isolation is disabled. If it is set to a non-zero value, the value indicates the isolation period. If it is set to permanent, ARP attacks are
permanently isolated.



Configuring the Isolation Period on an Interface

In interface configuration mode:
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Run the nfpp arp-guard isolate-period [seconds | permanent] command to configure the isolation period. If the isolation period is
set to 0, isolation is disabled. If it is set to a non-zero value, the value indicates the isolation period. If it is set to permanent, ARP
attacks are permanently isolated.



Enabling Isolate Forwarding

In NFPP configuration mode:
Run the arp-guard isolate-forwarding enable command to enable isolate forwarding.



Enabling Port-based Ratelimit Forwarding

In NFPP configuration mode:
Run the arp-guard ratelimit-forwarding enable command to enable port-based ratelimit forwarding.
At present, only ARP guard supports the configuration of isolate forwarding and ratelimit forwarding.
11.3.5 Trusted Hosts

Working Principle
If you do not want to monitor a host, you can run related commands to trust the host. This trusted host will be allowed to send
packets to the CPU.
Related Configuration
Use IP anti-scanning as an example:



Configuring Trusted Hosts

In NFPP configuration mode:
Run the ip-guard trusted-host ip mask command to trust a host.
Run the trusted-host {mac mac_mask | ip mask | IPv6/prefixlen} command to trust a host for a self-defined guard.
11.3.6 Centralized Bandwidth Allocation

Working Principle
Services defined in CPP are classified into three types: Manage, Route, and Protocol. (For details, see the following table.) Each type of
service has an independent bandwidth. Different types of services cannot share their bandwidths. Traffics exceeding the bandwidth
thresholds are discarded. By such service classification, service packets are processed by orders of precedence.
NFPP allows the administrator to flexibly assign bandwidth for three types of packets based on the actual network environment so
that Protocol and Manage packets can be first processed. Prior processing of Protocol packets ensures proper running of protocols,
and prior processing of Manage packets ensures proper management for the administrator, thereby ensuring proper running of
important device functions and improving the guard capability of the device.
Afterclassified ratelimiting, all types of packetsare centralizedina queue. When one type of serviceis processed inefficiently, packets
of this service will be backlogged in the queue and may finally use up resources of the queue. NFPP allows the administrator to
configure the percentages of these three types of packets in the queue. When the queue length occupied by one type of packets
exceeds the value of the total queue length multiplied by the percentage of this packet type, the excessive packets will be discarded.
This efficiently prevents one type of packets from exclusively occupying queue resources.
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Packet Type
Protocol
Route
Manage

Service Type Defined in CPP
tp-guard, dot1x, rldp, rerp, slow-packet, bpdu, isis dhcps, gvrp, ripng, dvmrp, igmp, mpls, ospf, pim, pimv6,
rip, vrrp, ospf3, dhcp-relay-s, dhcp-relay-c, option82, tunnel-bpdu, tunnel-gvrp
unknown-ipmc,

unknown-ipmcv6,

ttl1,

ttl0,

udp-helper,

ip4-packet-other,

ip6-packet-other,

non-ip-packet-other, arp
ip4-packet-local, ip6-packet-local

For the definitions of service types, see the Configuring CPU Protection.
Related Configuration



Configuring the Maximum Bandwidth of Specified Packets

In global configuration mode:
Run the cpu-protect sub-interface { manage | protocol|route} pps pps_value command to configure the maximum bandwidth of
specified packets.



Configuring the Maximum Percentage of Specified Packets in the Queue

In global configuration mode:
Run the cpu-protect sub-interface { manage | protocol | route} percent percent_value command to configure the maximum
percentage of specified packets in the queue.

11.4 Configuration
Configuration

Description and Command
arp-guard enable

Enables ARP guard globally.

arp-guard isolate-period

Configures the global ARP-guard isolation period.

arp-guard isolate-forwarding enable

Enables ARP-guard isolate forwarding.

arp-guard ratelimit-forwarding enable

Enables APR-guard ratelimit forwarding.

arp-guard monitor-period

Configures the global ARP-guard monitoring period.

arp-guard monitored-host-limit

Configuring ARP Guard

Configures the global ARP-guard rate limit.

arp-guard attack-threshold

Configures the global ARP-guard attack threshold.

arp-guard scan-threshold

Configures the global ARP-guard scanning threshold.

nfpp arp-guard enable

Enables ARP guard on an interface.

nfpp arp-guard scan-threshold
nfpp arp-guard isolate-period

www.fs.com

monitored hosts.

arp-guard rate-limit

nfpp arp-guard policy

Configuring IP Guard

Configures the maximum number of ARP-guard

Configures the APR-guard rate limit and attack
threshold on an interface.
Configures the APR-guard scanning threshold on an
interface.
Configures the APR-guard isolation period on an
interface.

ip-guard enable

Enables IP guard globally.

ip-guard isolate-period

Configures the global IP-guard isolation period.

ip-guard monitor-period

Configures the global IP-guard monitoring period.

ip-guard monitored-host-limit

Configures the maximum number of IP-guard
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Configuration

Description and Command
monitored hosts.
ip-guard rate-limit

Configures the global IP-guard rate limit.

ip-guard attack-threshold

Configures the global IP-guard attack threshold.

ip-guard scan-threshold

Configures the global IP-guard scanning threshold.

ip-guard trusted-host

Configures IP-guard trusted hosts.

nfpp ip-guard enable

Enables IP guard on an interface.

nfpp ip-guard policy
nfpp ip-guard scan-threshold
nfpp ip-guard isolate-period

Configures the IP-guard isolation period on an
interface.
Configures the global ICMP-guard isolation period.
Configures the global ICMP-guard monitoring
period.
Configures the maximum number of ICMP-guard
monitored hosts.

icmp-guard rate-limit

Configures the global ICMP-guard rate limit.

icmp-guard attack-threshold

Configures the global ICMP-guard attack threshold.

icmp-guard trusted-host

Configures ICMP-guard trusted hosts.

nfpp icmp-guard enable

Enables ICMP guard on an interface.

nfpp icmp-guard isolate-period

Configures the ICMP-guard rate limit and attack
threshold on an interface.
Configures the ICMP-guard isolation period on an
interface.

dhcp-guard enable

Enables DHCP guard globally.

dhcp-guard isolate-period

Configures the global DHCP-guard isolation period.

dhcp-guard monitor-period
dhcp-guard monitored-host-limit

Configures the global DHCP-guard monitoring
period.
Configures the maximum number of DHCP-guard
monitored hosts.

dhcp-guard rate-limit

Configures the global DHCP-guard rate limit.

dhcp-guard attack-threshold

Configurestheglobal DHCP-guardattackthreshold.

nfpp dhcp-guard enable

Enables DHCP guard on an interface.

nfpp dhcp-guard policy
nfpp dhcp-guard isolate-period
dhcpv6-guard enable
dhcpv6-guard monitor-period
dhcpv6-guard monitored-host-limit
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interface.

icmp-guard isolate-period

nfpp icmp-guard policy

Configuring DHCPv6 Guard

Configures the IP-guard scanning threshold on an

Enables ICMP guard globally.

icmp-guard monitored-host-limit

Configuring DHCP Guard

threshold on an interface.

icmp-guard enable

icmp-guard monitor-period

Configuring ICMP Guard

Configures the IP-guard rate limit and attack

Configures the DHCP-guard rate limit and attack
threshold on an interface.
Configures the DHCP-guard isolation period on an
interface.
Enables DHCPv6 guard globally.
Configures the global DHCPv6-guard monitoring
period.
Configures the maximum number of DHCPv6-guard
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Configuration

Description and Command
monitored hosts.
dhcpv6-guard rate-limit
dhcpv6-guard

Configures the global DHCPv6-guard rate limit.
attack-threshold

EnablesDHCPv6 guard on an interface.
threshold on an interface.

nd-guard ratelimit-forwarding enable

Enables ND-guard ratelimit forwarding.

nd-guard rate-limit per-port

Configures the global ND-guard rate limit.

nd-guard attack-threshold per-port

Configures the global ND-guard attack threshold.

nfpp nd-guard enable

Enables ND guard on an interface.
Configures the ND-guard rate limit and attack
threshold on an interface.

define

Configures the name of a self-defined guard.

match

Configures match fields of a self-defined guard.

Self-Defined
monitored-host-limit

Configures the global rate limit and attack threshold
of a self-defined guard.
Configures the global monitoring period of a
self-defined guard.
Configures the maximum number of monitored
hosts of a self-defined guard.

trusted-host

Configures trusted hosts of a self-defined guard.

define name enable

Enables a self-defined guard globally.

nfpp define name enable

Enables a self-defined guard on an interface.

nfpp define

Configuring NFPP Logging

Configures the DHCPv6-guard rate limit and attack
Enables ND guard globally.

monitor-period
Guard

attack

nd-guard enable

global-policy

a

DHCPv6-guard

nfpp dhcpv6-guard enable

nfpp nd-guard policy per-port

Configuring

global

threshold.

nfpp dhcpv6-guard policy

Configuring ND Guard

Configures the

{ per-src-mac | per-port} pps

Configures the rate limit and attack threshold of a
self-defined guard on an interface.

log-buffer entries

Configures the log buffer size.

log-buffer logs

Configures the log buffer rate.

logging vlan

Configures VLAN-based logging filtering.

logging interface

Configures interface-based logging filtering.

logging enable

Enables log printing.

11.4.1 Configuring ARP Guard

Configuration Effect



ARP attacks are identified based on hosts or ports. Host-based ARP attack identification supports two modes: identification
basedon thesourceIPaddress,VLAN ID,and port and identification based on thelink-layer sourceMACaddress,VLAN ID,and
port. Each type of attack identification has a rate limit and an attack threshold. If the ARP packet rate exceeds the rate limit, the
packets beyond the rate limit are discarded. If the ARP packet rate exceeds the attack threshold, the system prints alarm
information and sends traps. In host-based attack identification, the system also isolates the attack source.



ARP guard can also detect ARP scanning attacks. ARP scanning attacks indicate that the link-layer source MAC address is fixed
butthesourceIPaddresschanges,or thatthelink-layer sourceMACaddressand sourceIPaddressarefixedbut thedestination
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IP address continuously changes. Due to the possibility of false positive, hosts possibly performing ARP scanning are not
isolated and are provided for the administrator's reference only.



ConfigureARP-guardisolationtoassignhardware-isolatedentriesagainsthostattackssothatattackpacketsareneithersentto
the CPU norforwarded.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.



Isolation is disabled by default. If isolation is enabled, attackers will occupy hardware entries of the security module.



ARP guard prevents only ARP DoS attacks to the switch, but not ARP spoofing or ARP attacks in the network.



Fortrustedportsconfiguredfor DynamicARPInspection(DAI),ARP guarddoesnot takeeffect,preventing falsepositiveofARP
traffic over the trusted ports. For details about DAI trusted ports, see the Configuring Dynamic ARP Inspection.

Configuration Steps



Enabling ARP Guard



(Mandatory) ARP guard is enabled by default.



This function can be enabled in NFPP configuration mode or interface configuration mode.



If ARP guard is disabled, the system automatically clears monitored hosts, scanned hosts, and isolated entries on ports.



Configuring the ARP-Guard Isolation Period



(Optional) ARP-guard isolation is disabled by default.



If the packet traffic of attackers exceeds the rate limit defined in CPP, you can configure the isolation period to discard packets
and therefore to save bandwidth resources.



The isolation period can be configured in NFPP configuration mode or interface configuration mode.



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Enabling ARP-Guard Isolate Forwarding



(Optional) ARP-guard isolate forwarding is enabled by default.



To make isolation valid only at the management plane instead of the forwarding plane, you can enable this function.



This function can be enabled in NFPP configuration mode.



Enabling ARP-Guard Ratelimit Forwarding



(Optional) This function is enabled by default.



If the port-based isolation entry takes effect, you can enable this function to pass some of the packets while not discarding all of
them.



This function can be enabled in NFPP configuration mode.



Configuring the ARP-Guard Monitoring Period



(Mandatory) The default ARP-guard monitoring period is 600 seconds.
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If the ARP-guard isolation period is configured, it is directly used as the monitoring period, and the configured monitoring
period will lose effect.



The monitoring period can be configured in NFPP configuration mode.



Configuring the Maximum Number of ARP-Guard Monitored Hosts



(Mandatory) The maximum number of ARP-guard monitored hosts is 20,000 by default.



Set the maximum number of ARP-guard monitored hosts reasonably. As the number of monitored hosts increases, more CPU
resources are used.



The maximum number of ARP-guard monitored hosts can be configured in NFPP configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
current monitored hosts 20000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.



If the table of monitored hosts is full, the system prints the log "% NFPP_ARP_GUARD-4-SESSION_LIMIT: Attempt to exceed limit
of 20000 monitored hosts." to notify the administrator.



Configuring the ARP-Guard Attack Threshold



Mandatory.



Toachieve the best ARP-guard effect, you are advised to configure the host-based rate limit and attack threshold based on the
following order: Source IP address-based rate limit < Source IP address-based attack threshold <Source MAC address-based rate
limit <Source MAC address-based attack threshold.



The attack threshold can be configured in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_ARP_GUARD-4-NO_MEMORY: Failed
to alloc memory." to notify the administrator.



Source MAC address-based rate limiting takes priority over source IP address-based rate limiting while the latter takes priority
over port-based rate limiting.



Configuring the ARP-Guard Scanning Threshold



Mandatory.



The scanning threshold can be configured in NFPP configuration mode or interface configuration mode.



The ARP scanning table stores only the latest 256 records. When the ARP scanning table is full, the latest record will overwrite
the earliest record.



ARP scanning attack may have occurred if ARP packets received within 10 seconds meet either of the following conditions:
- The link-layer source MAC address is fixed but the source IP address changes.
- The link-layer source MAC address and source IP address are fixed but the destination IP address continuously changes, and
the change times exceed the scanning threshold.
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Verification
When a host in the network sends ARP attack packets to a switch configured with ARP guard, check whether these packets can be
sent to the CPU.



If the packets exceed the attack threshold or scanning threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands



Enabling ARP Guard Globally

Command

arp-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ARP-Guard Isolation Period

Command

arp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400.

Description

permanent: Indicates permanent isolation.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling ARP-Guard Isolate Forwarding

Command

arp-guard isolate-forwarding enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling ARP-Guard Ratelimit Forwarding

Command

arp-guard ratelimit-forwarding enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ARP-Guard Monitoring Period

Command

arp-guard monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.
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Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Maximum Number of ARP-Guard Monitored Hosts

Command

arp-guard monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ARP-Guard Rate Limit

Command

arp-guard rate-limit {per-src-ip |per-src-mac | per-port} pps

Parameter

per-src-ip: Limits the rate of each source IP address.

Description

per-src-mac: Limits the rate of each source MAC address.
per-port: Limits the rate of each port.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ARP-Guard Attack Threshold

Command

arp-guard attack-threshold {per-src-ip | per-src-mac | per-port} pps

Parameter

per-src-ip: Configures the attack threshold of each source IP address.

Description

per-src-mac: Configures the attack threshold of each source MAC address.
per-port: Configures the attack threshold of each port.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is packets per second (pps).

Command

NFPP configuration mode

Mode
Usage Guide



The attack threshold must be equal to or greater than the rate limit.

Configuring the Global ARP-Guard Scanning Threshold

Command

arp-guard scan-threshold pkt-cnt

Parameter

pkt-cnt: Indicates the scanning threshold, ranging from 1 to 19,999.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling ARP Guard on an Interface

Command

nfpp arp-guard enable

Parameter

N/A
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Description
Command

Interface configuration mode

Mode
Usage Guide

ARP guard configured in interface configuration mode takes priority over that configured in NFPP configuration
mode.



Configuring the ARP-Guard Isolation Period on an Interface

Command

nfpp arp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The

Description

value 0 indicates no isolation.
permanent: Indicates permanent isolation.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the ARP-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp arp-guard policy {per-src-ip | per-src-mac | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip:Configurestheratelimitand attackthreshold ofeachsourceIPaddress.

Description

per-src-ip: Configures the rate limit and attack threshold of each source MAC address.
per-port: Configures the rate limit and attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide



The attack threshold must be equal to or greater than the rate limit.

Configuring the ARP-Guard Scanning Threshold on an Interface

Command

nfpp arp-guard scan-threshold pkt-cnt

Parameter

pkt-cnt: Indicates the scanning threshold, ranging from 1 to 19,999.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



CPU Protection Based on ARP Guard

Scenario



ARP host attacks exist in the system, and some hosts fail to properly establish ARP connection.



ARP scanning exists in the system, causing a very high CPU utilization rate.

Configuration



Set the host-based attack threshold to 5 pps.

Steps



Set the ARP scanning threshold to 10 pps.



Set the isolation period to 180 pps.

FS# configureterminal
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FS(config)# nfpp
FS (config-nfpp)#arp-guard rate-limit per-src-mac 5
FS (config-nfpp)#arp-guard attack-threshold per-src-mac 10
FS (config-nfpp)#arp-guard isolate-period 180
Verification



Run the show nfpp arp-guard summary command to display the configuration.

(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Isolate-period Rate-limit
Global

Disable180

Attack-threshold Scan-threshold

4/5/100

8/10/200

15

Maximumcount ofmonitored hosts:1000
Monitor period: 600s



Run the show nfpp arp-guard hosts command to display the monitored hosts.

If col_filter 1 shows '*', it means "hardware do not isolate host".
VLAN
----

interface
---------

1

Gi0/43

IP address

----------

MAC address
-----------

5.5.5.16

remain-time(s)

--------------

-

175

Total: 1 host



Run the show nfpp arp-guard scan command to display the scanned hosts.

VLAN interface
---- ---------

IP address
----------

MAC address
-----------

1

Gi0/5

-

1

Gi0/5

192.168.206.2

1

Gi0/5

-

1

Gi0/5

192.168.206.2

timestamp

--------001a.a9c2.4609 2013-4-30 23:50:32

001a.a9c2.4609 2013-4-30 23:50:33
001a.a9c2.4609 2013-4-30 23:51:33
001a.a9c2.4609 2013-4-30 23:51:34

Total: 4 record(s)
Common Errors
N/A
11.4.2 Configuring IPGuard

Configuration Effect



IP attacks are identified based on hosts or physical interfaces. In host-based IP attack identification, IP attacks are identified
based on the source IP address, VLAN ID, and port. Each type of attack identification has a rate limit and an attack threshold. If
the IP packet rate exceeds the rate limit, the packets beyond the rate limit are discarded. If the IP packet rate exceeds the attack
threshold, the system prints alarm information and sends traps. In host-based attack identification, the system also isolates the
attack source.
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IPguard can also detect IP scanning attacks.IP anti-scanning applies toIP packet attacks as follows: the destination IP address
continuously changes but the source IP address remains the same, and the destination IP address is not the IP address of the
local device.



Configure IP guard isolation to assign hardware-isolated entries against host attacks so that attack packets are neither sent to
the CPU norforwarded.



IPanti-scanning applies to IP packet attacks where the destination IP address is not the local IPaddress.The CPP limits the rate
of IP packets where the destination IP address is the local IP address.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.



Isolation is disabled by default. If isolation is enabled, attackers will occupy hardware entries of the security module.

Configuration Steps



Enabling IP Guard



(Mandatory) IP guard is enabled by default.



This function can be enabled in NFPP configuration mode or interface configuration mode.



If IP guard is disabled, the system automatically clears monitored hosts.



Configuring the IP-Guard Isolation Period



(Optional) IP-guard isolation is disabled by default.



If the packet traffic of attackers exceeds the rate limit defined in CPP, you can configure the isolation period to discard packets
and therefore to save bandwidth resources.



The isolation period can be configured in NFPP configuration mode or interface configuration mode.



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the IP-Guard Monitoring Period



(Mandatory) The default IP-guard monitoring period is 600 seconds.



If the IP-guard isolation period is configured, it is directly used as the monitoring period, and the configured monitoring period
will lose effect.



The monitoring period can be configured in NFPP configuration mode.



Configuring the Maximum Number of IP-Guard Monitored Hosts



(Mandatory) The maximum number of IP-guard monitored hosts is 20,000 by default.



Set the maximum number of IP-guard monitored hosts reasonably. As the number of monitored hosts increases, more CPU
resources are used.



The maximum number of IP-guard monitored hosts can be configured in NFPP configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
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current monitored hosts 20,000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.



If the table of monitored hosts is full, the system prints the log "% NFPP_IP_GUARD-4-SESSION_LIMIT: Attempt to exceed limit of
20000 monitored hosts." to notify the administrator.



Configuring the IP-Guard Attack Threshold



Mandatory.



The attack threshold can be configured in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_IP_GUARD-4-NO_MEMORY: Failed
to alloc memory." to notify the administrator.



Source IP address-based rate limiting takes priority over port-based rate limiting.



Configuring the IP-Guard Scanning Threshold



Mandatory.



The scanning threshold can be configured in NFPP configuration mode or interface configuration mode.



ARP scanning attack may have occurred if ARP packets received within 10 seconds meet the following conditions:
- The source IP address remains the same.
- The destination IP address continuously changes and is not the local IP address, and the change times exceed the scanning
threshold.



Configuring IP-Guard Trusted Hosts



(Optional) No IP-guard trusted host is configured by default.



For IP guard, you can only configure a maximum of 500 IP addresses not to be monitored.



Trusted hosts can be configured in NFPP configuration mode.



If any entry matching a trusted host (IP addresses are the same) exists inthe table of monitored hosts, the system automatically
deletes this entry.



If the table of trusted hosts is full, the system prints the log "%ERROR: Attempt to exceed limit of 500 trusted hosts."to notify the
administrator.



If a trusted host cannot be deleted, the system prints the log "%ERROR: Failed to delete trusted host 1.1.1.0 255.255.255.0." to
notify the administrator.



If a host cannot be trusted, the system prints the log "%ERROR: Failed to add trusted host 1.1.1.0 255.255.255.0." to notify the
administrator.



If the host to trust already exists, the system prints the log "%ERROR: Trusted host 1.1.1.0 255.255.255.0 has already been
configured." to notify the administrator.



Ifthehosttodeletefromthetrustedtabledoesnot exist,thesystemprintsthelog "%ERROR:Trustedhost1.1.1.0255.255.255.0
is not found." to notify the administrator.
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If the memory cannot be allocated to a trusted host, the system prints the log "%ERROR: Failed to alloc memory." to notify the
administrator.

Verification
When a host in the network sends IP attack packets to a switch configured with IP guard, check whether these packets can be sent to
the CPU.



If the rate of packets from untrusted hosts exceeds the attack threshold or scanning threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands



Enabling IP Guard Globally

Command

ip-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global IP-Guard Isolation Period

Command

ip-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400.

Description

permanent: Indicates permanent isolation.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global IP-Guard Monitoring Period

Command

ip-guard monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.

Description
Command

NFPP configuration mode

Mode
Usage Guide



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.

Configuring the Maximum Number of IP-Guard Monitored Hosts

Command

ip-guard monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global IP-Guard Rate Limit
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Command

ip-guard rate-limit {per-src-ip | per-port} pps

Parameter

per-src-ip: Limits the rate of each source IP address.

Description

per-port: Limits the rate of each port.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global IP-Guard Attack Threshold

Command

ip-guard attack-threshold {per-src-ip | per-port} pps

Parameter

per-src-ip: Configures the attack threshold of each source IP address.

Description

per-port: Configures the attack threshold of each port.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is pps.

Command

NFPP configuration mode

Mode
Usage Guide



The attack threshold must be equal to or greater than the rate limit.

Configuring the Global IP-Guard Scanning Threshold

Command

ip-guard scan-threshold pkt-cnt

Parameter

pkt-cnt: Indicates the scanning threshold, ranging from 1 to 19,999.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring IP-Guard Trusted Hosts

Command

ip-guard trusted-host ip mask

Parameter

ip: Indicates the IP address.

Description

mask: Indicates the mask of an IP address.
all: Used with no to delete all trusted hosts.

Command

NFPP configuration mode

Mode
Usage Guide

If you do not want to monitor a host, you can run this command to trust the host. This trusted host can send IP
packets to the CPU, without any rate limiting or alarm reporting.



Enabling IP Guard on an Interface

Command

nfpp ip-guard enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



IP guard configured in interface configuration mode takes priority over that configured in NFPP configuration mode.

Configuring the IP-Guard Isolation Period on an Interface
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Command

nfpp ip-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The

Description

value 0 indicates no isolation.
permanent: Indicates permanent isolation.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the IP-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp ip-guard policy {per-src-ip | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip: Configures the attack threshold of each source IP address.

Description

per-port: Configures the attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide



The attack threshold must be equal to or greater than the rate limit.

Configuring the IP-Guard Scanning Threshold on an Interface

Command

nfpp ip-guard scan-threshold pkt-cnt

Parameter

pkt-cnt: Indicates the scanning threshold, ranging from 1 to 19,999.

Description
Command

Interface configuration mode

Mode
Usage Guide

N/A

Configuration Example



CPU Protection Based on IP Guard

Scenario



IP host attacks exist in the system, and packets of some hosts cannot be properly routed and forwarded.



IP scanning exists in the system, causing a very high CPU utilization rate.



Packet traffic of some hosts is very laFSe in the system, and these packets need to pass through.

Configuration



Configure the host-based attack threshold.

Steps



Configure the IP scanning threshold.



Set the isolation period to a non-zero value.



Configure trusted hosts.

FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)#ip-guard rate-limit per-src-ip 20
FS (config-nfpp)#ip-guard attack-threshold per-src-ip 30
FS (config-nfpp)#ip-guard isolate-period 180
FS (config-nfpp)#ip-guard trusted-host 192.168.201.46 255.255.255.255
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Verification



Run the show nfpp ip-guard summary command to display the configuration.

(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Isolate-period Rate-limit
Global

Disable180

Attack-threshold Scan-threshold

20/-/100

30/-/200

100

Maximumcount ofmonitored hosts:1000
Monitor period: 600s



Run the show nfpp ip-guard hosts command to display the monitored hosts.

If col_filter 1 shows '*', it means "hardware do not isolate host".
VLAN

interface

----

---------

1

Gi0/5

IP address

----------

Reason
------

192.168.201.47

remain-time(s)

-------------ATTACK

160

Total: 1 host



Run the show nfpp ip-guard trusted-host command to display the trusted hosts.

IP address
---------192.168.201.46

mask
---255.255.255.255

Total: 1 record(s)
Common Errors
N/A
11.4.3 Configuring ICMP Guard

Configuration Effect



ICMP attacks are identified based on hosts or ports. In host-based attack identification, ICMP attacks are identified based on the
source IP address, VLAN ID, and port. Each type of attack identification has a rate limit and an attack threshold. If the ICMP
packet rate exceeds the rate limit, the packets beyond the rate limit are discarded. If the ICMP packet rate exceeds the attack
threshold, the system prints alarm information and sends traps. In host-based attack identification, the system also isolates the
attack source.



Configure ICMP guard isolation to assign hardware-isolated entries against host attacks so that attack packets are neither sent
to the CPU nor forwarded.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.



Isolation is disabled by default. If isolation is enabled, attackers will occupy hardware entries of the security module.

Configuration Steps
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Enabling ICMP Guard



(Mandatory) ICMP guard is enabled by default.



This function can be enabled in NFPP configuration mode or interface configuration mode.



If ICMP guard is disabled, the system automatically clears monitored hosts.



Configuring the ICMP-Guard Isolation Period



(Optional) ICMP-guard isolation is disabled by default.



If the packet traffic of attackers exceeds the rate limit defined in CPP, you can configure the isolation period to discard packets
and therefore to save bandwidth resources.



The isolation period can be configured in NFPP configuration mode or interface configuration mode.



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the ICMP-Guard Monitoring Period



(Mandatory) The default ICMP-guard monitoring period is 600 seconds.



If the ICMP-guard isolation period is configured, it is directly used as the monitoring period, and the configured monitoring
period will lose effect.



The monitoring period can be configured in NFPP configuration mode.



Configuring the Maximum Number of ICMP-Guard Monitored Hosts



(Mandatory) The maximum number of ICMP-guard monitored hosts is 20,000 by default.



Set the maximum number of ICMP-guard monitored hosts reasonably. As the number of actually monitored hosts increases,
more CPU resources are used.



The maximum number of ICMP-guard monitored hosts can be configured in NFPP configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
current monitored hosts 20000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.



If the table of monitored hosts is full, the system prints the log "% NFPP_ICMP_GUARD-4-SESSION_LIMIT: Attempt to exceed
limit of 20000 monitored hosts." to notify the administrator.



Configuring the ICMP-Guard Attack Threshold



Mandatory.



The attack threshold can be configured in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_ ICMP_GUARD-4-NO_MEMORY:
Failed to alloc memory." to notify the administrator.
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Source IP address-based rate limiting takes priority over port-based rate limiting.



Configuring ICMP-Guard Trusted Hosts



(Optional) No ICMP-guard trusted host is configured by default.



For ICMP guard, you can only configure a maximum of 500 IP addresses not to be monitored.



Trusted hosts can be configured in NFPP configuration mode.



If any entry matching a trusted host (IP addresses are the same) exists inthe table of monitored hosts, the system automatically
deletes this entry.



If the table of trusted hosts is full, the system prints the log "%ERROR: Attempt to exceed limit of 500 trusted hosts."to notify the
administrator.



If a trusted host cannot be deleted, the system prints the log "%ERROR: Failed to delete trusted host 1.1.1.0 255.255.255.0." to
notify the administrator.



If a host cannot be trusted, the system prints the log "%ERROR: Failed to add trusted host 1.1.1.0 255.255.255.0." to notify the
administrator.



If the host to trust already exists, the system prints the log "%ERROR: Trusted host 1.1.1.0 255.255.255.0 has already been
configured." to notify the administrator.



Ifthehosttodeletefromthetrustedtabledoesnot exist,thesystemprintsthelog "%ERROR:Trustedhost1.1.1.0255.255.255.0
is not found." to notify the administrator.



If the memory cannot be allocated to a trusted host, the system prints the log "%ERROR: Failed to alloc memory." to notify the
administrator.

Verification
When a host in the network sends ICMP attack packets to a switch configured with ICMP guard, check whether these packets can be
sent to the CPU.



If the rate of packets from an untrusted host exceeds the attack threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands



Enabling ICMP Guard Globally

Command

icmp-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ICMP-Guard Isolation Period

Command

icmp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The

Description

value 0 indicates no isolation.
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permanent: Indicates permanent isolation.
Command

NFPP configuration mode

Mode
Usage Guide

The attacker isolation period falls into two types: global isolation period and port-based isolation period (local
isolation period). For a port, if the port-based isolation period is not configured, the global isolation period is used;
otherwise, the port-based isolation period is used.



Configuring the Global ICMP-Guard Monitoring Period

Command

icmp-guard monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the isolation period is 0, the system performs software monitoring on detected attackers. The timeout period is the
monitoring period. During software monitoring, if the isolation period is set to a non-zero value, the system
automatically performs hardware isolation against monitored attackers and sets the timeout period as the
monitoring period. The monitoring period is valid only when the isolation period is 0.
If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the Maximum Number of ICMP-Guard Monitored Hosts

Command

icmp-guard monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number
lower than 20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you
configured is smaller than current monitored hosts 20000, please clear a part of monitored hosts." This information
notifies the administrator that the configuration does not take effect and that some monitored hosts need to be
deleted.
If the table of monitored hosts is full, the system prints the log "% NFPP_ICMP_GUARD-4-SESSION_LIMIT: Attempt to
exceed limit of 20000 monitored hosts." to notify the administrator.



Configuring the Global ICMP-Guard Rate Limit

Command

icmp-guard rate-limit {per-src-ip | per-port} pps

Parameter

per-src-ip: Limits the rate of each source IP address.

Description

per-port: Limits the rate of each port.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ICMP-Guard Attack Threshold

Command
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Parameter

per-src-ip: Configures the attack threshold of each source IP address.

Description

per-port: Configures the attack threshold of each port.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is pps.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring ICMP-Guard Trusted Hosts

Command

icmp-guard trusted-host ip mask

Parameter

ip: Indicates the IP address.

Description

mask: Indicates the mask of an IP address.
all: Used with no to delete all trusted hosts.

Command

NFPP configuration mode

Mode
Usage Guide

If you do not want to monitor a host, you can run this command to trust the host. This trusted host can send ICMP
packets to the CPU, without any rate limiting or alarm reporting. You can configure the mask so that no host in one
network segment is monitored.
You can configure a maximum of 500 trusted hosts.



Enabling ICMP Guard on an Interface

Command

nfpp icmp-guard enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

ICMP guard configured in interface configuration mode takes priority over that configured in NFPP configuration
mode.



Configuring the ICMP-Guard Isolation Period on an Interface

Command

nfpp icmp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The

Description

value 0 indicates no isolation.
permanent: Indicates permanent isolation.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the ICMP-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp icmp-guard policy {per-src-ip | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip: Configures the rate limit and attack threshold of each source IP address.

Description

per-port: Configures the rate limit and attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command
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Mode
Usage Guide

The attack threshold must be equal to or greater than the rate limit.

Configuration Example



CPU Protection Based on ICMP Guard

Scenario



ICMP host attacks exist in the system, and some hosts cannot successfully ping devices.



Packet traffic of some hosts is very laFSe in the system, and these packets need to pass through.

Configuration



Configure the host-based attack threshold.

Steps



Set the isolation period to a non-zero value.



Configure trusted hosts.

FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)#icmp-guard rate-limit per-src-ip 20
FS (config-nfpp)#icmp-guard attack-threshold per-src-ip 30
FS (config-nfpp)#icmp-guard isolate-period 180
FS (config-nfpp)#icmp-guard trusted-host 192.168.201.46 255.255.255.255
Verification



Run the show nfpp icmp-guard summary command to display the configuration.

(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Isolate-period Rate-limit
Global

Disable180

Attack-threshold

20/-/400

30/-/400

Maximumcount ofmonitored hosts:1000
Monitor period: 600s



Run the show nfpp icmp-guard hosts command to display the monitored hosts.

If col_filter 1 shows '*',it means "hardware do not isolatehost".
VLAN

IP address

interface

----

---------

1

Gi0/5

----------

remain-time(s)
--------------

192.168.201.47

160

Total: 1 host



Run the show nfpp icmp-guard trusted-host command to display the trusted hosts.

IP address
---------192.168.201.46

mask
---255.255.255.255

Total: 1 record(s)
Common Errors
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N/A
11.4.4 Configuring DHCP Guard

Configuration Effect



DHCP attacks are identified based on hosts or ports. In host-based attack identification, DHCP attacks are identified based on
the link-layer source IP address, VLAN ID, and port. Each type of attack identification has a rate limit and an attack threshold. If
theDHCPpacketrateexceedstheratelimit,thepacketsbeyond theratelimit arediscarded. IftheDHCP packetrateexceedsthe
attack threshold, the system prints alarm information and sends traps. In host-based attack identification, the system also
isolates the attack source.



Configure DHCP guard isolation to assign hardware-isolated entries against host attacks so that attack packets are neither sent
to the CPU nor forwarded.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.



Isolation is disabled by default. If isolation is enabled, attackers will occupy hardware entries of the security module.



For trusted ports configured for DHCP snooping, DHCP guard does not take effect, preventing false positive of DHCP traffic on
thetrusted ports.Fordetails about trusted ports of DHCP snooping, see "Configuring BasicFunctions of DHCP Snooping" inthe
Configuring DHCP Snooping.

Configuration Steps



Enabling DHCP Guard



(Mandatory) DHCP guard is enabled by default.



This function can be enabled in NFPP configuration mode or interface configuration mode.



If DHCP guard is disabled, the system automatically clears monitored hosts.



Configuring the DHCP-Guard Isolation Period



(Optional) DHCP-guard isolation is disabled by default.



If the packet traffic of attackers exceeds the rate limit defined in CPP, you can configure the isolation period to discard packets
and therefore to save bandwidth resources.



The isolation period can be configured in NFPP configuration mode or interface configuration mode.



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the DHCP-Guard Monitoring Period



(Mandatory) DHCP-guard monitoring is enabled by default.



If the DHCP-guard isolation period is configured, it is directly used as the monitoring period, and the configured monitoring
period will lose effect.



The monitoring period can be configured in NFPP configuration mode.



Configuring the Maximum Number of DHCP-Guard Monitored Hosts
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(Mandatory) The maximum number of DHCP-guard monitored hosts is 20,000 by default.



Setthemaximum number of DHCP-guardmonitored hostsreasonably. Asthenumber of monitored hostsincreases,moreCPU
resources are used.



The maximum number of DHCP-guard monitored hosts can be configured in NFPP configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
current monitored hosts 20000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.



If the table of monitored hosts is full, the system prints the log "% NFPP_DHCP_GUARD-4-SESSION_LIMIT: Attempt to exceed
limit of 20000 monitored hosts." to notify the administrator.



Configuring the DHCP-Guard Attack Threshold



Mandatory.



The attack threshold can be configured in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_DHCP_GUARD-4-NO_MEMORY:
Failed to alloc memory." to notify the administrator.



Source MAC address-based rate limiting takes priority over port-based rate limiting.

Verification
When a host in the network sends DHCP attackpackets toa switch configured with DHCP guard, checkwhether thesepackets can be
sent to the CPU.



If the parameter of the packets exceeds the attack threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands



Enabling DHCP Guard Globally

Command

dhcp-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global DHCP-Guard Isolation Period

Command

dhcp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The
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Description

value 0 indicates no isolation.
permanent: Indicates permanent isolation.

Command

NFPP configuration mode

Mode
Usage Guide

The attacker isolation period falls into two types: global isolation period and port-based isolation period (local
isolation period). For a port, if the port-based isolation period is not configured, the global isolation period is used;
otherwise, the port-based isolation period is used.



Configuring the Global DHCP-Guard Monitoring Period

Command

dhcp-guard monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the isolation period is 0, the system performs software monitoring on detected attackers. The timeout period is the
monitoring period. During software monitoring, if the isolation period is set to a non-zero value, the system
automatically performs hardware isolation against monitored attackers and sets the timeout period as the
monitoring period. The monitoring period is valid only when the isolation period is 0.
If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the Maximum Number of DHCP-Guard Monitored Hosts

Command

dhcp-guard monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number
lower than 20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you
configured is smaller than current monitored hosts 20000, please clear a part of monitored hosts." This information
notifies the administrator that the configuration does not take effect and that some monitored hosts need to be
deleted.
If the table of monitored hosts is full, the system prints the log "% NFPP_DHCP_GUARD-4-SESSION_LIMIT: Attempt to
exceed limit of 20000 monitored hosts." to notify the administrator.



Configuring the Global DHCP-Guard Rate Limit

Command

dhcp-guard rate-limit {per-src-mac | per-port} pps

Parameter

per-src-mac: Limits the rate of each source MAC address.

Description

per-port: Limits the rate of each port.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global DHCP-Guard Attack Threshold
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Command

dhcp-guard attack-threshold {per-src-mac | per-port} pps

Parameter

per-src-mac: Configures the attack threshold of each source MAC address.

Description

per-port: Configures the attack threshold of each port.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is pps.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling DHCP Guard on an Interface

Command

nfpp dhcp-guard enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

DHCP guard configured in interface configuration mode takes priority over that configured in NFPP configuration
mode.



Configuring the DHCP-Guard Isolation Period on an Interface

Command

nfpp dhcp-guard isolate-period [seconds | permanent]

Parameter

seconds: Indicates the isolation period in the unit of second. It can be set to 0 or any value from 30 to 86,400. The

Description

value 0 indicates no isolation.
permanent: Indicates permanent isolation.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the DHCP-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp dhcp-guard policy {per-src-mac | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip: Configures the rate limit and attack threshold of each source IP address.

Description

per-port: Configures the rate limit and attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide

The attack threshold must be equal to or greater than the rate limit.

Configuration Example



CPU Protection Based on DHCP Guard

Scenario



DHCP host attacks exist in the system, and some hosts fail to request IP addresses.

Configuration



Configure the host-based attack threshold.

Steps



Set the isolation period to a non-zero value.

FS# configureterminal
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FS(config)# nfpp
FS (config-nfpp)#dhcp-guard rate-limit per-src-mac 8
FS (config-nfpp)#dhcp-guard attack-threshold per-src-mac 16
FS (config-nfpp)#dhcp-guard isolate-period 180
Verification



Run the show nfpp dhcp-guard summary command to display the configuration.

(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Isolate-period Rate-limit
Global

Disable180

Attack-threshold

-/8/150

-/16/300

Maximumcount ofmonitored hosts:1000
Monitor period: 600s



Run the show nfpp dhcp-guard hosts command to display the monitored hosts.

If col_filter 1 shows '*',it means "hardware do not isolatehost".
VLAN
---*1

interface
--------Gi0/5

MAC address

-----------

remain-time(s)

--------------

001a.a9c2.4609 160

Total: 1 host
Common Errors
N/A
11.4.5 Configuring DHCPv6 Guard

Configuration Effect



DHCPv6 attacks are identifiedbased on hosts or ports.In host-basedattackidentification, DHCPv6 attacksare identifiedbased
on the link-layer source IP address, VLAN ID, and port. Each type of attack identification has a rate limit and an attack threshold.
If the DHCPv6 packet rate exceeds the rate limit, the packets beyond the rate limit are discarded. If the DHCPv6 packet rate
exceeds the attack threshold, the system prints alarm information and sends traps.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.



Isolation is disabled by default. If isolation is enabled, attackers will occupy hardware entries of the security module.



For trusted ports configured for DHCPv6 snooping, DHCPv6 guard does not take effect, preventing false positive of DHCPv6
traffic on the trusted ports. For details about trusted ports of DHCPv6 snooping, see "Configuring Basic Functions of DHCPv6
Snooping" in the Configuring DHCPv6 Snooping.

Configuration Steps



Enabling DHCPv6 Guard
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(Mandatory) DHCPv6 guard is enabled by default.



DHCPv6 guard can be enabled in NFPP configuration mode or interface configuration mode.



If DHCPv6 guard is disabled, the system automatically clears monitored hosts.



Configuring the DHCPv6-Guard Monitoring Period



(Mandatory) The default DHCPv6-guard monitoring period is 600 seconds.



If the DHCPv6-guard isolation period is configured, it is directly used as the monitoring period, and the configured monitoring
period does not take effect.



The DHCPv6-guard monitoring period can be configured in NFPP configuration mode.



Configuring the Maximum Number of DHCPv6-Guard Monitored Hosts



(Mandatory) The maximum number of DHCPv6-guard monitored hosts is 20,000 by default.



Set the maximum number of DHCPv6-guard monitored hosts reasonably. As the number of monitored hosts increases, more
CPU resources are used.



The maximum number of DHCPv6-guard monitored hosts can be configured in NFPP configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
current monitored hosts 20000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.



If the table of monitored hosts is full, the system prints the log "% NFPP_DHCPV6_GUARD-4-SESSION_LIMIT: Attempt to exceed
limit of 20000 monitored hosts." to notify the administrator.



Configuring the DHCPv6-Guard Attack Threshold



Mandatory.



The DHCPv6-guard attack threshold can be configured in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_DHCPV6_GUARD-4-NO_MEMORY:
Failed to alloc memory." to notify the administrator.



Source MAC address-based rate limiting takes priority over port-based rate limiting.

Verification
When a host in the network sends DHCPv6 attack packets to a switch configured with DHCPv6 guard, check whether these packets
can be sent to the CPU.



If the parameter of the packets exceeds the attack threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands
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Enabling DHCPv6 Guard Globally

Command

dhcpv6-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global DHCPv6-Guard Monitoring Period

Command

dhcpv6-guard monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the isolation period is 0, the system performs software monitoring on detected attackers. The timeout period is the
monitoring period. During software monitoring, if the isolation period is set to a non-zero value, the system
automatically performs hardware isolation against monitored attackers and sets the timeout period as the
monitoring period. The monitoring period is valid only when the isolation period is 0.
If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the Maximum Number of DHCPv6-Guard Monitored Hosts

Command

dhcpv6-guard monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

NFPP configuration mode

Mode
Usage Guide

If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number
lower than 20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you
configured is smaller than current monitored hosts 20000, please clear a part of monitored hosts." This information
notifies the administrator that the configuration does not take effect and that some monitored hosts need to be
deleted.
If the table of monitored hosts is full, the system prints the log "% NFPP_DHCPV6_GUARD-4-SESSION_LIMIT: Attempt
to exceed limit of 20000 monitored hosts." to notify the administrator.



Configuring the Global DHCPv6-Guard Rate Limit

Command

dhcpv6-guardrate-limit { per-src-mac | per-port} pps

Parameter

per-src-mac: Limits the rate of each source MAC address.

Description

per-port: Limits the rate of each port.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global DHCPv6-Guard Attack Threshold
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Command

dhcpv6-guard attack-threshold { per-src-mac | per-port} pps

Parameter

per-src-mac: Configures the attack threshold of each source MAC address.

Description

per-port: Configures the attack threshold of each port.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is pps.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling DHCPv6 Guard on an Interface

Command

nfpp dhcpv6-guard enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

DHCPv6 guard configured in interface configuration mode takes priority over that configured in NFPP configuration
mode.



Configuring the DHCP-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp dhcpv6-guard policy {per-src-mac | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip: Configures the rate limit and attack threshold of each source IP address.

Description

per-port: Configures the rate limit and attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide

The attack threshold must be equal to or greater than the rate limit.

Configuration Example



CPU Protection Based on DHCPv6 Guard

Scenario



DHCPv6 host attacks exist in the system, and DHCPv6 neighbor discovery fails on some hosts.

Configuration



Configure the host-based attack threshold.

Steps
FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)#dhcpv6-guard rate-limit per-src-mac 8
FS (config-nfpp)#dhcpv6-guard attack-threshold per-src-mac 16
Verification



Run the show nfpp dhcpv6-guard summary command to display the configuration.

(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Rate-limit
Global
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Maximumcount ofmonitored hosts:1000
Monitor period: 600s



Run the show nfpp dhcpv6-guard hosts command to display the monitored hosts.

If col_filter 1 shows '*',it means "hardware do not isolatehost".
VLAN
----

interface
---------

*1

Gi0/5

MAC address

-----------

remain-time(s)

--------------

001a.a9c2.4609 160

Total: 1 host
Common Errors
N/A
11.4.6 Configuring NDGuard

Configuration Effect



AR ND guard classifies ND packets into three types based on their purposes: 1. NS and NA; 2. RS; 3. RA and Redirect. Type 1
packetsare usedfor addressresolution.Type2 packetsareusedby hoststodiscover thegateway.Type 3 packetsarerelated to
routing: RAs are used to advertise the gateway and prefix while Redirect packets are used to advertise a better next hop.



At present, only port-based ND packet attack identification is supported. Youcan configure the rate limits and attack thresholds
for these three types of packets respectively. If the ND packet rate exceeds the rate limit, the packets beyond the rate limit are
discarded. If the ND packet rate exceeds the attack threshold, the system prints logs and sends traps.

Notes



For a command that is configured both in NFPP configuration mode and interface configuration mode, the configuration in
interface configuration mode takes priority over that configured in NFPP configuration mode.

Configuration Steps



Enabling ND Guard



(Mandatory) ND guard is enabled by default.



This function can be enabled in NFPP configuration mode or interface configuration mode.



Enabling ND-Guard Ratelimit Forwarding



(Optional) This function is enabled by default.



If the port-based isolation entry takes effect, you can enable this function to pass some of the packets while not discarding all of
them.



This function can be enabled in NFPP configuration mode.



Configuring the ND-Guard Attack Threshold



Mandatory.
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The ND-guard attack threshold can be enabled in NFPP configuration mode or interface configuration mode.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



If memories cannot assigned to detected attackers, the system prints the log "%NFPP_ND_GUARD-4-NO_MEMORY: Failed to
alloc memory." to notify the administrator.

Verification
When a host in the network sends ND attack packets to a switch configured with ND guard, check whether these packets can be sent
to the CPU.



If the parameter of the packets exceeds the attack threshold, an attack log is displayed.

Related Commands



Enabling ND Guard Globally

Command

nd-guard enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Enabling ND-Guard Ratelimit Forwarding

Command

nd-guard ratelimit-forwarding enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ND-Guard Rate Limit

Command

nd-guard rate-limit per-port [ns-na | rs | ra-redirect] pps

Parameter

ns-na: Indicates NSs and NAs.

Description

rs: Indicates RSs.
ra-redirect: Indicates RAs and Redirect packets.
pps: Indicates the rate limit, ranging from 1 to 19,999.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Global ND-Guard Attack Threshold

Command
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Parameter

ns-na: Indicates NSs and NAs.

Description

rs: Indicates RSs.
ra-redirect: Indicates RAs and Redirect packets.
pps: Indicates the attack threshold, ranging from 1 to 19,999. The unit is pps.

Command

NFPP configuration mode

Mode
Usage Guide



The attack threshold must be equal to or greater than the rate limit.

Enabling ND Guard on an Interface

Command

nfpp nd-guard enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

ND guard configured in interface configuration mode takes priority over that configured in NFPP configuration
mode.



Configuring the ND-Guard Rate Limit and Attack Threshold on an Interface

Command

nfpp nd-guard policy per-port [ns-na | rs | ra-redirect] rate-limit-pps attack-threshold-pps

Parameter

ns-na: Indicates NSs and NAs.

Description

rs: Indicates RSs.
ra-redirect: Indicates RAs and Redirect packets.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide

The attack threshold must be equal to or greater than the rate limit.

Configuration Example



CPU Protection Based on ND Guard

Scenario



ND host attacks exist in the system, and neighbor discovery fails on some hosts.

Configuration



Configure the host-based attack threshold.

Steps
FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)# nd-guard rate-limit per-port ns-na 30
FS (config-nfpp)# nd-guard attack-threshold per-port ns-na 50
Verification



Run the show nfpp nd-guard summary command to display the configuration.

(Formatofcolumn Rate-limitand Attack-threshold isNS-NA/RS/RA-REDIRECT.)
Interface Status Rate-limit
Global
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Common Errors
N/A
11.4.7 Configuring a Self-Defined Guard

Configuration Effect



Configure a self-defined guard to resolve network attack problems in special scenarios.

Notes



For a command that is configured both in self-defined guard configuration mode and interface configuration mode, the
configuration in interface configuration mode takes priority over that configured in self-defined guard configuration mode.



A self-defined guard takes priority over basic guards. When configuring the match fields of self-defined guards, see the
Configuration Guide.

Configuration Steps



Configuring the Guard Name



(Mandatory) Configure the name of a self-defined guard to create the self-defined guard.



The guard name must be unique, and the match fields and values c must be different from those of ARP, ICMP, DHCP, IP, and
DHCPv6 guards. If the parameters you want to configure already exist, a message is displayed to indicate the configuration
failure.



Configuring the Match Fields



Mandatory.



Self-defined packets are classified based on the following fields: etype (Ethernet link-layer type), smac (source MAC address),
dmac (destination MAC address), protocol (IPv4/IPv6 protocol number), sip (source IPv4/IPv6 address), dip (destination
IPv4/IPv6 address), sport (source transport-layer port), and dport (destination transport-layer port).



protocol is valid only when the value of etype is ipv4 or ipv6. src-ip and dst-ip are valid only when the value of etype is ipv4.
src-ipv6 and dst-ipv6 are valid only when the value of etype is ipv6. src-port and dst-port are valid only when the value of
protocol is tcp or udp.



If the match fields and values of a self-defined guard are totally the same as those of an existing guard, the system prints the log
"%ERROR: the match type and value are the same with define name (name of an existing guard)." to notify the administrator of
the configuration failure.



If protocol is configured but etype is IPv4 or IPv6 in the match policy, the system prints the log "%ERROR: protocol is valid only
when etype is IPv4(0x0800) or IPv6(0x86dd)."



If src-ip and dst-ip are configured but etype is not IPv4 in the match policy, the system prints the log "%ERROR: IP address is
valid only when etype is IPv4(0x0800)."



If src-ipv6 and dst-ipv6 are configured but etype is not IPv6 in the match policy, the system prints the log "%ERROR: IPv6
address is valid only when etype is IPv6(0x86dd)."



Ifsrc-port and dst-portare configured but protocol isnotTCPor UDP inthematchpolicy, thesystemprintsthe log"%ERROR:
Port is valid only when protocol is TCP(6) or UDP(17)."
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The following table lists guard policies corresponding to some common network protocols. The rate limits and attack thresholds
listed below can meet the requirements in most network scenarios and are for reference only. Youcan configure valid rate limits
and attack thresholds based on actual scenarios.

Protocol

match

policy per-src-ip

etype 0x0800
RIP

protocol 17
dst-port

520

etype 0x86dd
RIPng

protocol 17
dst-port

521

etype 0x0800
BGP

protocol 6
dst-port

BPDU

179

dst-mac
0180.c200.0000
dst-mac

RERP

01d0.f800.0001

REUP

dst-mac
01d0.f800.0007

rate-limit 100
attatch-threshold 150
rate-limit 100
attatch-threshold 150
rate-limit 1000
attatch-threshold 1200
Not applicable to this policy
Not applicable to this policy
Not applicable to this policy

policy per-src-mac
Not applicable to this policy

Not applicable to this policy

Not applicable to this policy

policy per-port
rate-limit 300
attatch-threshold 500
rate-limit 300
attatch-threshold 500
rate-limit 2000
attatch-threshold 3000

rate-limit 20

rate-limit 100

attatch-threshold 40

attatch-threshold 100

rate-limit 20

rate-limit 100

attatch-threshold 40

attatch-threshold 100

rate-limit 20

rate-limit 100

attatch-threshold 40

attatch-threshold 100

Not applicable to this policy

Not applicable to this policy

etype 0x0800
BGP

protocol 6
dst-port

OSPFv2
OSPFv3
VRRP
IPv6 VRRP

Not applicable to this policy
179

etype 0x0800

rate-limit 800

protocol 89

attatch-threshold 1200

etype 0x86dd

rate-limit 800

protocol 89

attatch-threshold 1200

etype 0x0800

rate-limit 64

protocol 112

attatch-threshold 100

etype 0x86dd

rate-limit 64

protocol 112

attatch-threshold 100

etype 0x0800
SNMP

protocol 17
dst-port 161

RSVP

(UDP hello)



attatch-threshold 1200

etype 0x0800

rate-limit 800

protocol 46

attatch-threshold 1200

etype 0x0800

LDP

rate-limit 1000

protocol 17
dst-port 646

rate-limit 10
attatch-threshold 15

Not applicable to this policy
Not applicable to this policy
Not applicable to this policy
Not applicable to this policy

Not applicable to this policy

Not applicable to this policy

Not applicable to this policy

rate-limit 2000
attatch-threshold 3000
rate-limit 2000
attatch-threshold 3000
rate-limit 1024
attatch-threshold 1024
rate-limit 1024
attatch-threshold 1024
rate-limit 2000
attatch-threshold 3000
rate-limit 1200
attatch-threshold 1500
rate-limit 100
attatch-threshold 150

Tocontain as many existing protocol types as possible and facilitate expansion of new protocol types, self-defined guards allow
hosts to freely combine type fields of packets. If the configuration is inappropriate, the network may become abnormal.
Therefore, the network administrator needs to have a good knowledge of network protocols. As a reference, the following table
lists valid configurations of currently known protocols for common self-defined guard policies. For other protocols not listed in
the table, configure them with caution.
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Configuring the Global Rate Limit and Attack Threshold



(Mandatory) If these parameters are not configured, the self-defined guard cannot be enabled.



You must configure one of the per-src-ip, per-src-mac, and per-port fields. Otherwise, the policy cannot take effect.



per-src-ip is valid only when etype is IPv4 or IPv6.



The rate limit configured based on the source MAC address, VLAN ID, and port takes priority over that configured based on the
source IP address, VLAN ID, and port.



The port-based host identification policy of a self-defined guard must be consistent with the global port-based host
identification policy.



If the per-src-ip policy is not configured globally but configured for a port, the system prints the log "%ERROR: name (name of a
self-defined guard) has not per-src-ip policy." to notify the administrator of the configuration failure.



If the per-src-mac policy is not configured globally but configured for a port, the system prints the log "%ERROR: name (name
of a self-defined guard) has not per-src-mac policy." to notify the administrator of the configuration failure.



If the memory cannot be allocated to detected attackers, the system prints the log "%NFPP_DEFINE_GUARD-4-NO_MEMORY:
Failed to allocate memory." to notify the administrator.



If the configured rate limit is greater than the attack threshold, the system prints the log "%ERROR: rate limit is higher than
attack threshold 500pps." to notify the administrator.



If the configured attack threshold is less than the rate limit, the system prints the log "%ERROR: attack threshold is smaller than
rate limit 300pps." to notify the administrator.



Configuring the Global Monitoring Period



(Mandatory) The default monitoring period is 600 seconds.



If the isolation period is configured, it is directly used as the monitoring period, and the configured monitoring period will lose
effect.



The monitoring period can be configured in self-defined guard configuration mode.



If the isolation period is 0, the system performs software monitoring on detected attackers. The timeout period is the
monitoring period. During software monitoring, if the isolation period is set to a non-zero value, the system automatically
performs hardware isolation against monitored attackers and sets the timeout period as the monitoring period. The monitoring
period is valid only when the isolation period is 0.



If the isolation period is changed to 0, attackers under the corresponding port is deleted, instead of being monitored.



Configuring the Maximum Number of Monitored Hosts



(Mandatory) The maximum number of monitored hosts is 20,000 by default.



Setthemaximumnumber ofmonitoredhostsreasonably.Asthenumberofmonitoredhostsincreases,moreCPUresourcesare
used.



The maximum number of monitored hosts can be configured in self-defined guard configuration mode.



If the number of monitored hosts reaches 20,000 (default value) and the administrator sets the maximum number lower than
20,000, the system does not delete monitored hosts but prints the log "%ERROR: The value that you configured is smaller than
current monitored hosts 20000, please clear a part of monitored hosts." This information notifies the administrator that the
configuration does not take effect and that some monitored hosts need to be deleted.
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If the table of monitored hosts is full, the system prints the log "% NFPP_DEFINE-4-SESSION_LIMIT: Attempt to exceed limit of
name's 20000 monitored hosts." to notify the administrator.



Configuring Trusted Hosts



(Optional) No trusted host is configured by default.



You can configure a maximum of 500 trusted IP address or MAC address for a self-defined guard.



Trusted hosts can be configured in self-defined guard configuration mode.



If you do not want to monitor a host, you can run the following commands to trust the host. This trusted host can send ICMP
packets to the CPU, without any rate limiting or alarm reporting.You can configure the mask so that no host in one network
segment is monitored.



You must configure the match type before configuring trusted hosts. If the packet type is IPv4 in the match policy, you are not
allowed to configure trusted IPv6 addresses. If the packet type is IPv6 in the match policy, you are not allowed to configure
trusted IPv4 addresses.



If the match type is not configured, the system prints the log "%ERROR: Please configure match rule first."



If a trusted IPv4 host is added but etype is not IPv4 in the match policy, the system prints the log "%ERROR: Match type can’t
support IPv4 trustedhost."



If a trusted IPv6 host is added but etype is not IPv6 in the match policy, the system prints the log "%ERROR: Match type can’t
support IPv6 trustedhost."



If the table of trusted hosts is full, the system prints the log "%ERROR: Attempt to exceed limit of 500 trusted hosts."to notify the
administrator.



If any entry matching a trusted host (IP addresses are the same) exists inthe table of monitored hosts, the system automatically
deletes this entry.



If a trusted host cannot be deleted, the system prints the log "%ERROR: Failed to delete trusted host 1.1.1.0 255.255.255.0." to
notify the administrator.



If a host cannot be trusted, the system prints the log "%ERROR: Failed to add trusted host 1.1.1.0 255.255.255.0." to notify the
administrator.



If the host to trust already exists, the system prints the log "%ERROR: Trusted host 1.1.1.0 255.255.255.0 has already been
configured." to notify the administrator.



Ifthehosttodeletefromthetrustedtabledoesnot exist,thesystemprintsthelog "%ERROR:Trustedhost1.1.1.0255.255.255.0
is not found." to notify the administrator.



If the memory cannot be allocated to a trusted host, the system prints the log "%ERROR: Failed to allocate memory." to notify
the administrator.



Enabling a Self-Defined Guard



Mandatory.



You have to configure at least one policy between host-based self-defined guard policy and port-based self-defined guard
policy. Otherwise, the self-defined guard cannot be enabled.



If a self-defined guard is disabled, the system automatically clears monitored hosts.



Self-defined guards can be configured in self-defined guard configuration mode or interface configuration mode.
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If a self-defined guard policy is not completely configured, the self-defined guard cannot be enabled and a prompt is displayed
to notify hosts of the missing policy configurations.



If the name of a self-defined guard does not exist, the system prints the log "%ERROR: The name is not exist."



If the match type is not configured for a self-defined guard, the system prints the log "%ERROR: name (name of the self-defined
guard) doesn't match any type."



If no policy is configured for a self-defined guard, the system prints the log "%ERROR: name (name of the self-defined guard)
doesn't specify any policy."

Verification
Whena host in thenetworksends packetsto aswitchconfigured withaself-defined NFPP guard, check whether these packets canbe
sent to the CPU.



If the rate of packets from an untrusted host exceeds the attack threshold, an attack log is displayed.



If an isolated entry is created for the attacker, an isolation log is displayed.

Related Commands



Configuring the Name of a Self-defined Guard

Command

define name

Parameter

name: Indicates the name of a self-defined guard.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring Match Fields of a Self-defined Guard

Command

match [etypetype] [ src-macsmac [src-mac-masksmac_mask]] [dst-macdmac [dst-mac-maskdst_mask]]
[ protocolprotocol ] [ src-ipsip [src-ip-masksip-mask]] [ src-ipv6sipv6 [src-ipv6-masklensipv6-masklen]]
[dst-ipdip[dst-ip-maskdip-mask]] [dst-ipv6dipv6 [dst-ipv6-masklendipv6-masklen]][src-portsport] [dst-port dport]

Parameter

type: Indicates the type of Ethernet link-layer packets.

Description

smac: Indicates the source MAC address.
smac_mask: Indicates the mask of the source MAC address.
dmac: Indicates the destination MAC address.
dst_mask: Indicates the mask of the destination MAC address.
protocol: Indicates the protocol number of IPv4/IPv6 packets.
sip: Indicates the source IPv4 address.
sip-mask: Indicates the mask of the source IPv4 address.
sipv6: Indicates the source IPv6 address.
sipv6-masklen: Indicates the mask length of the source IPv6 address.
dip: Indicates the destination IPv4 address.
dip-mask: Indicates the mask of the destination IPv4 address.
dipv6: Indicates the destination IPv6 address.
dipv6-masklen: Indicates the mask length of the destination IPv6 address.
sport: Indicates the ID of the source transport-layer port.
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dsport: Indicates the ID of the destination transport-layer port.
Command

Self-defined guard configuration mode

Mode
Usage Guide



Create a new self-defined guard and specify the packet fields matched by this guard.

Configuring the Global Rate Limit and Attack Threshold of a Self-defined Guard

Command

global-policy {per-src-ip | per-src-mac | per-port} rate-limit-pps attack-threshold-pps

Parameter

per-src-ip: Collects rate statistics for host identification based on the source IP address, VLAN ID, and port.

Description

per-src-mac: Collectsrate statistics for host identification based on the sourceMAC address,VLAN ID, and port.
per-port: Collects rate statistics based on each packet receiving port.
rate-limit-pps: Indicates the rate limit.
attack-threshold-pps: Indicates the attack threshold.

Command

Self-defined guard configuration mode

Mode
Usage Guide

Before creating a self-defined guard type, you must specify rate statistic classification rules for this type, namely,
source IP address-based host identification, source MAC address-based host identification, host-based self-defined
packet rate statistics, or port-based rate statistics, and specify the rate limits and attack thresholds for the specified
rules.



Configuring the Global Monitoring Period of a Self-defined Guard

Command

monitor-period seconds

Parameter

seconds: Indicates the monitoring period in the unit of second. The value ranges from 180 to 86,400.

Description
Command

Self-defined guard configuration mode

Mode
Usage Guide



N/A

Configuring the Maximum Number of Monitored Hosts of a Self-defined Guard

Command

monitored-host-limit number

Parameter

number: Indicates the maximum number of monitored hosts, ranging from 1 to 4,294,967,295.

Description
Command

Self-defined guard configuration mode

Mode
Usage Guide



N/A

Configuring Trusted Hosts of a Self-defined Guard

Command

trusted-host {mac mac_mask | ip mask | IPv6/prefixlen}

Parameter

mac: Indicates the MAC address.

Description

mac_mask: Indicates the mask of an MAC address.
ip: Indicates the IP address.
mask: Indicates the mask of an IP address.
IPv6/prefixlen: Indicates the IPv6 address and its mask length.
all: Used with no to delete all trusted hosts.

Command
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Mode
Usage Guide



N/A

Enabling a Self-Defined Guard Globally

Command

define name enable

Parameter

name: Indicates the name of a self-defined guard.

Description
Command

NFPP configuration mode

Mode
Usage Guide

The configuration takes effect only after you have configured match, rate-count, rate-limit, and attack-threshold.
Otherwise, the configuration fails.



Enabling a Self-defined Guard on an Interface

Command

nfpp define name enable

Parameter

name: Indicates the name of a self-defined guard.

Description
Command

Interface configuration mode

Mode
Usage Guide

The self-defined name must exist. The configuration takes effect only after you have configured match, rate-count,
rate-limit, and attack-threshold. Otherwise, the configuration fails.



Configuring the Rate Limit and Attack Threshold of a Self-defined Guard on an Interface

Command

nfpp define name policy {per-src-ip | per-src-mac| per-port} rate-limit-pps attack-threshold-pps

Parameter

name: Indicates the name of a self-defined guard.

Description

per-src-ip: Configures the rate limit and attack threshold of each source IP address.
per-src-mac: Configures the rate limit and attack threshold of each source MAC address.
per-port: Configures the rate limit and attack threshold of each port.
rate-limit-pps: Indicates the rate limit, ranging from 1 to 19,999.
attack-threshold-pps: Indicates the attack threshold, ranging from 1 to 19,999.

Command

Interface configuration mode

Mode
Usage Guide

The attack threshold must be equal to or greater than the rate limit.

Configuration Example



CPU Protection Based on a Self-Defined Guard

Scenario



Basic guards cannot protect the system with RIP attacks.

Configuration



Configure a self-defined guard, with the key fields matching RIP packets.

Steps



Configurethe ratelimit.



Configure trustedhosts.

FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)#define rip
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FS (config-nfpp-define)#match etype 0x0800 protocol 17 dst-port 520
FS (config-nfpp-define)#global-policy per-src-ip 100 150
FS (config-nfpp-define)#trusted-host 192.168.201.46 255.255.255.255
FS (config-nfpp-define)#exit
FS (config-nfpp)#define rip enable
Verification



Run the show nfpp define summary rip command to display the configuration.

Define rip summary:
matchetype 0x800 protocol 17 dst-port 520
Maximum count of monitored hosts: 1000
Monitor period:600s
(Format of column Rate-limit and Attack-threshold is per-src-ip/per-src-mac/per-port.)
Interface Status Rate-limit
Global



Attack-threshold

Enable 100/-/-

150/-/-

Run the show nfpp define trusted-host rip command to display the trusted hosts.

Define rip:
IPtrustedhostnumber is1:
IP address

IP mask

----------

-------

192.168.201.46

255.255.255.255

Total: 1 record(s)Global



Enable 180

100/-/-

150/-/-

Run the show nfpp define hosts rip command to display the monitored hosts.

If col_filter 1 shows '*',it means "hardware do not isolatehost".
VLAN

interface

----

---------

1

Gi0/5

IP address

----------

remain-time(s)
--------------

192.168.201.47

160

Total: 1 host
Common Errors
N/A
11.4.8 Configuring Centralized Bandwidth Allocation

Configuration Effect



Configure centralized bandwidth allocation so that Manage and Protocol packets are first processed when the network is busy.

Notes
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The following condition must be met: Valid percentage range of a type of packets ≤ 100% – Percentage of the sum of the other
two types

Configuration Steps



Configuring the Maximum Bandwidth of Specified Packets



(Mandatory) Manage, Route, and Protocol packets share the same default bandwidth.



Configuring the Maximum Percentage of Specified Packets in the Queue



(Mandatory) By default, Manage packets occupy 30% of the bandwidth, Route packets occupy 25%, and Protocol packets
occupy 45%.

Verification
Send a large number of protocol packets such as OSPF packets to a switch, causing high CPU utilization.



When the host pings the switch, the pinging must be successful and no packet is lost.

Related Commands



Configuring the Maximum Bandwidth of Specified Packets

Command

cpu-protect sub-interface { manage | protocol|route} pps pps_value

Parameter

pps_value: Indicates the rate limit, ranging from 1 to 100,000.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring the Maximum Percentage of Specified Packets in the Queue

Command

cpu-protect sub-interface { manage | protocol | route} percent percent_value

Parameter

percent_value: Indicates the percentage of a type of packets in the queue, ranging from 1 to 100.

Description
Command

Global configuration mode

Mode
Usage Guide

The following condition must be met: Valid percentage range of a type of packets ≤ 100% – Percentage of the sum of
the other two types

Configuration Example



Prioritizing Packets Sent to the CPU Through Centralized Bandwidth Allocation

Scenario



Various types of mass packets exist in the network and belong to different centralized types.

Configuration



Configure the maximum bandwidth of specified packets.

Steps



Configure the maximum percentage of specified packets in the queue.

FS# configure terminal
FS(config)# cpu-protect sub-interface manage pps 5000
FS(config)# cpu-protect sub-interface manage percent 25
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Verification

N/A

Common Errors
N/A
11.4.9 ConfiguringNFPP Logging

Configuration Effect



NFPP obtains a log from the dedicated log buffer at a certain rate, generates a system message, and clears this log from the
dedicated log buffer.

Notes



Logs are continuously printed in the log buffer, even if attacks have stopped.

Configuration Steps



Configuring the Log Buffer Size



Mandatory.



If the log buffer is full, new logs replace the old ones.



If the log buffer overflows, subsequent logs replace previous logs, and an entry with all attributes marked with a hyphen (-) is
displayed in the log buffer.The administrator needs to increase the log buffer size or the system message generation rate.



Configuring the Log Buffer Rate



Mandatory.



The log buffer rate depends on two parameters: the time period and the number of system messages generated in the time
period.



If both of the preceding two parameters are set to 0, system messages are immediately generated for logs but are not stored in
the log buffer.



Enabling Log Filtering



(Optional) Log filtering is disabled by default.



Logs can be filtered based on an interface or VLAN.



If log filtering is enabled, logs not meeting the filtering rule are discarded.



Enabling Log Printing



(Mandatory) Logs are stored in the buffer by default.



If you want to monitor attacks in real time, you can configure logs to be printed on the screen to export the log information in
real time.

Verification
Check whether the configuration takes effect based on the log configuration and the number and interval of printed logs.
Related Commands
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Configuring the Log Buffer Size

Command

log-buffer entries number

Parameter

number: Indicates the buffer size in the unit of the number of logs, ranging from 0 to 1,024.

Description
Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring the Log Buffer Rate

Command

log-buffer logs number_of_message interval length_in_seconds

Parameter

number_of_message: Ranges from0 to 1,024.The value 0 indicates that all logs are recordedin the logbuffer and no

Description

system message is generated.
length_in_seconds: Ranges from 0 to 86,400 (1 day).The value 0 indicates that logs are not recorded in the log buffer
butsystemmessagesareinstantlygenerated.Thisalsoappliestonumber_of_messageandlength_in_seconds.
number_of_message/length_in_second indicates the system message generation rate.

Command

NFPP configuration mode

Mode
Usage Guide



N/A

Configuring VLAN-based Log Filtering

Command

logging vlan vlan-range

Parameter

vlan-range: Records logs in a specified VLAN range. The value format is 1-3,5 for example.

Description
Command

NFPP configuration mode

Mode
Usage Guide

Run this command to filter logs so that only logs in the specified VLAN range are recorded. Between interface-based
log filtering and VLAN-based log filtering, if either rule is met, logs are recorded in the log buffer.



Configuring Interface-based Log Filtering

Command

logging interface interface-id

Parameter

interface-id: Records logs of a specified interface.

Description
Command

NFPP configuration mode

Mode
Usage Guide

Run this command to filter logs so that only logs of the specified interface are recorded. Between interface-based log
filtering and VLAN-based log filtering, if either rule is met, logs are recorded in the log buffer.



Enabling Log Printing

Command

log-buffer enable

Parameter

N/A

Description
Command

NFPP configuration mode

Mode
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Usage Guide

N/A

Configuration Example



ConfiguringNFPPLogging

Scenario



If attackers are too many, log printing will affect the usage of user interfaces, which requires restriction.

Configuration



Configure the log buffer size.

Steps



Configurethelogbufferrate.



Configure VLAN-based log filtering.

FS# configure terminal
FS(config)# nfpp
FS (config-nfpp)#log-buffer entries 1024
FS (config-nfpp)#log-buffer logs 3 interval 5
FS (config-nfpp)#logging interface vlan 1
Verification



Run the show nfpp log summary command to display the configuration.

Total log buffer size : 1024
Syslograte:3entryper5seconds
Logging:
VLAN 1



Run the show nfpp log buffer command to display logs in the log buffer.

Protocol VLAN Interface IP address
-------- ------------- ---------ARP

1

Gi0/5

MAC address

----------192.168.206.2

Reason

-----001a.a9c2.4609

Timestamp

--------SCAN

2013-5-1 5:4:24

11.5 Monitoring
Clearing
Description

Command

Clears the ARP-guard scanning table.

clear nfpp arp-guard scan

Clears ARP-guard monitored hosts.

clear nfpp arp-guard hosts

Clears IP-guard monitored hosts.

clear nfpp ip-guard hosts

Clears ND-guard monitored hosts.

clear nfpp nd-guard hosts

Clears ICMP-guard monitored hosts.

clear nfpp icmp-guard hosts

Clears DHCP-guard monitored hosts.

clear nfpp dhcp-guard hosts

Clears DHCPv6-guard monitored hosts.

clear nfpp dhcpv6-guard hosts

Clears self-defined guard monitored hosts.

clear nfpp define name hosts

Clears NFPP logs.

clear nfpp log

Displaying
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Description

Command

Displays ARP-guard configuration.

show nfpp arp-guard summary

Displays ARP-guard monitored hosts.

show nfpp arp-guard hosts

Displays the ARP-guard scanning table.

show nfpp arp-guard scan

Displays IP-guard configuration.

show nfpp ip-guard summary

Displays IP-guard monitored hosts.

show nfpp ip-guard hosts

Displays the IP-guard scanning table.

show nfpp ip-guard trusted-host

Displays ICMP-guard configuration.

show nfpp icmp-guard summary

Displays ICMP-guard monitored hosts.

show nfpp icmp-guard hosts

Displays the ICMP-guard scanning table.

show nfpp icmp-guard trusted-host

Displays DHCP-guard configuration.

show nfpp dhcp-guard summary

Displays DHCP-guard monitored hosts.

show nfpp dhcp-guard hosts

Displays DHCPv6-guard configuration.

show nfpp dhcpv6-guard summary

Displays DHCPv6-guard monitored hosts.

show nfpp dhcpv6-guard hosts

Displays ND-guard configuration.

show nfpp nd-guard summary

Displays self-defined guard configuration.

show nfpp define summary [name]

Displays the monitored hosts.

show nfpp define hosts name

Displays the trusted hosts.

show nfpp define trusted-host name

Displays NFPP logs.

show nfpp log summary

Displays the NFPP log buffer.

show nfpp log buffer [statistics]
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12Configuring Security Log
12.1 Overview
Security log is used to record the key operations on device so that each operation can be audited and traced afterwards, and to meet
the national security standards.
Key operations include:
1)

Adding/deleting an account

2)

Editing authentication information

3)

Changing configuration (DNS, IP, etc.)

4)

User login/logout

5)

Restarting/turning offa device

6)

Uploading/downloading a file (when supported)

7)

Editing user permissions (when supported)

8)

Enabling/disabling log auditing, deleting log (when supported)

12.2 Applications
Application

Description

Enabling Security Log Auditing

Check recent key operations on devices; if any abnormal operation occurs, the admin can find
out the operator, time and method.

12.2.1 Enabling Security Log Auditing

Scenario
After enabling the security log auditing, the device will record key operations including account management, log event, system
event, configuration change and security log event. After logging in to the device, the admin can check which users have visited the
device and what operation they performed.

Remarks

Admin logs in to the device and check the log of key operations.

Deployment



Enable the function to use.
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12.3 Features
Basic Concepts



Key Operation

After enabling the security log auditing, the device will record key operations including account management, log event, system
event, configuration change and security log event. The record is stored for 180 days by default (the time can be customized).
Overview
Feature

Description

Enabling Security Log

Record the key operations on device.

Auditing
12.3.1 Enabling Security Log Auditing

Enabletorecordkeyoperationand storethelog.
Working Principle
After enabling the security log auditing, related modules will record the time, username, IP,operation and results, etc. when the user
performs key operations including account management, log event, restart, configuration change and security log event. The log will
be stored in local database by log audit framework.
The log is stored for 180 days by default. At 3 am each day, the system will check and delete any log that expires.
At most 10,000 logs can be stored by default. After the log exceeds the storage limit, new logs will cover the old ones.
Related Configuration

 Enabling Security Log Auditing
By default, the security log auditing is enabled.

12.4 Configuration
Configuration Item

Description and Command

Configuring Security Log Auditing

Mandatory
security-log audit-enable

Configuring Log Storage Time

Optional
security-log data-store-days day

ConfiguringAgingTimeof

security-log auto-vacuum-time hh:mm:ss
Local

Capacity of Security Log

www.fs.com

Configures the local storage time of security log.

Optional

Security Log

Configuring

Enables log auditing.

Storage

Configures the aging time of security log.

Optional
security-log data-store-items num

Configures the local storage capacity of security
log.
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12.4.1 Configuring Security Log Auditing

Configuration Effect
After enabling the security log auditing, the device will record key operations including account management, log event, system
event, configuration change and security log event.
Notes
N/A
Configuration Steps



Enabling Security Log Auditing



Mandatory



Enabled on thedevice.

Verification



Log in to the device, perform key operations, and check the log record.

Related Commands



Enabling Security Log Auditing

Command

security-log audit-enable

Parameter
Description
Command

Global configuration mode

Mode
Usage Guide
Configuration Example



Enabling Security Log Auditing

Configuration

Enable security log auditing.

Steps
FS# configure terminal
FS(config)# security-log audit-enable

Verification

Log in to the device, perform key operations, and check the log record after 30 seconds.

SW1

FS# show security-log detail all
time, username, peerinfo, hostname, log-type: content
2019-10-22 10:00:02, admin, vty0(192.168.111.111), FS, SEC_LOG: SECURITY_LOG deleted all security log successfully
2019-10-22 10:00:02, admin, vty0(192.168.111.111), FS, SEC_LOG: SECURITY_LOG disabled security log audit
configuration unsuccessfully
2019-10-22 10:00:03, ---, console, FS, SEC_LOG: SECURITY_LOG enabled security log audit configuration successfully
……
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12.4.2 Configuring Log Storage Time

Configuration Effect
Configure the log storage time. The log exceeds the time will be deleted.
Notes
N/A
Configuration Steps



Configuring Log Storage Time



Optional



180 days by default, range: 1-65535.

Verification



Run the show running-config or show security-log config command to check configuration status.

Related Commands



Configuring Log Storage Time

Command

security-log data-store-days day

Parameter

day: storage time, range: 1-65535. Default: 180 days.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the log storage time. The log exceeds the time will be deleted.

Configuration Example



Configuring Log Storage Time

Configuration

Configure the storage time as 300 days.

Steps
SW1

FS# configure terminal
FS(config)# security-log data-store-days 300

Verification

Run the show running-config or show security-log config command to check configuration status.

SW1

FS# show running | in security-log data-store-days
security-log data-store-days 300
FS# show security-log config
Security-log audit: enable
Limit number: 10000
Store days: 300
Auto vacuum time: 03:00:00
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12.4.3 Configuring Aging Time of Security Log

Configuration Effect
Configure the aging time of security log. The system will check and delete any log exceeding the storage time at the aging time (time
error: 5 minutes).
Configuration Steps



Configuring Aging Time of Security Log



Optional



3 am every day by default.

Verification



Run the show running-config or show security-log config command to check configuration status.

Related Commands



Configuring Aging Time of Security Log

Command

security-log auto-vacuum-time hh:mm:ss

Parameter

hh:mm:ss: hour: minute: second. 03:00:00 by default.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to configure the aging time of security log. The system will check and delete any log exceeding the
storage time at the aging time (time error: 5 minutes).

Configuration Example



Configuring Aging Time of Security Log

Configuration

Configure the aging time as 5:05 am.

Steps
FS# configure terminal
FS(config)# security-log auto-vacuum-time 05:05:00

Verification

Run the show running-config or show security-log config command to check configuration status.
FS# show running | in security-log auto-vacuum-time
security-log auto-vacuum-time 05:05:00
FS# show security-log config
Security-log audit: enable
Limit number: 10000
Store days: 300
Auto vacuum time: 05:05:00

www.fs.com

1916

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

12.4.4 Configuring Local Storage Capacity of Security Log

Configuration Effect
Configures the storage capacity of log. After the log exceeds the storage limit, new logs will cover the old ones.
Configuration Steps



Configuring Local Storage Capacity of Security Log



Optional



The default value and max value vary with product capability (range: 500-10,000, default value: 10,000). The min value is 500.

Verification



Run the show running-config or show security-log config command to check configuration status.

Related Commands



Configuring Local Storage Capacity of Security Log

Command

security-log data-store-items num

Parameter

Num: local storage capacity. The default value and max value vary with product capability (range: 500-10,000, default

Description

value: 10,000). The min value is 500.

Command

Global configuration mode

Mode
Usage Guide

If flash space is limited, run this command to decrease the storage capacity.

Configuration Example



Configuring Local Storage Capacity of Security Log

Configuration

Configure the local storage capacity of security log as 1000.

Steps
FS# configure terminal
FS(config)# security-log data-store-items 1000

Verification

Run the show running-config or show security-log config command to check configuration status.
FS# show running | in security-log data-store-items
security-log data-store-items 1000
FS# show security-log config
Security-log audit: enable
Limit number: 1000
Store days: 300
Auto vacuum time: 05:05:00

12.5 Monitoring
Clearing
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Description

Command

Deletes all logs

security-log delete all

Displaying
Description

Command

Displays all logs

show security-log
showsecurity-logdetail{all|{fromyyyymmddhh:mm:sstoyyyy

Displays the detailed log information which can be filtered by
time, type, username, host name, etc.

mm dd hh:mm:ss } } [ log-type { SEC_LOG | ACC_MNT | LOGIN | SYS |
CONFIG | OTHER } ]

[ user username ] [ hostname hostname ]

[ peerinfo peerinfo ] { [ order-by [ time | log-type ] { asc | desc }
[ start-item integer1 end-item integer2 ] ] }
show security-log detail export { from yyyy mm dd hh:mm:ss to yyyy

Exports the detailed log information which can be filtered by time,

mm dd hh:mm:ss } [ log-type { SEC_LOG | ACC_MNT | LOGIN | SYS |

type, username, host name, etc.

CONFIG | OTHER } ] [ user username ] [ hostname hostname ]
[ peername peername ] [ ip ip-address ]
show security-log detail stat { all | { from

yyyy

mm

dd

Displaysthe logstatisticswhich canbe filtered by time, type,

hh:mm:ss to yyyy mm dd hh:mm:ss } } [ log-type { SEC_LOG |

username, host name, etc.

ACC_MNT | LOGIN | SYS | CONFIG | OTHER } ] [ user username ]
[ hostname hostname ] [ peerinfo peerinfo ]

Displays the configuration information.

show security-log config

Displays the statistics information.

show security-log statistics

Displays the statistics information during log processing.

show security-log info

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the log auditing.

debug security-log errors

Debugs the received log.

debug security-log recv-info

Debugs the log database.

debug security-log sql-info
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ACL & QoS Configuration
1.

Configuring ACL

2.

Configuring QoS

3.

Configuring MMU
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1 Configuring the ACL
1.1 Overview
Access control list (ACL) is also called access list or firewall. It is even called packet filtering in some documents. The ACL defines rules
to determine whether to forward or drop data packets arriving at a network interface.
ACLs are classified by function into two types:



Security ACLs: Used to control data flows that are allowed to pass through a network device.



Quality of service (QoS) ACLs: Used to classify and process data flows by priority.

ACLs are configured for a lot of reasons. Major reasons include:



Network access control:To ensure network security, rules are defined to limit access of users to some services (for example, only
accesstotheWWWandemailservicesispermitted,andaccesstootherservicessuchasTelnetisprohibited),ortoallowusers
to access services in a specified period of time, or to allow only specified hosts to access the network.



QoS: QoS ACLs are used to preferentially classify and process important data flows. For details about the use of QoS ALCs, see
the configuration manual related to QoS.

1.2 Applications
Application

Description

AccessControlof anEnterpriseNetwork

On an enterprise network, the network access rights of each department, for example,
access rights of servers and use permissions of chatting tools (such as QQ and MSN), must be
controlled according to requirements.

1.2.1 Access Control of an Enterprise Network

Scenario
Internetvirusescanbe foundeverywhere.Therefore,itisnecessarytoblockportsthatareoftenusedbyvirusestoensuresecurityof
an enterprise network as follows:



Allow only internal PCs to access the server.



Prohibit PCs of a non-financial department from accessing PCs of the financial department, and prohibit PCs of a non-R&D
department from accessing PCs of the R&D department.
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Prohibit the staff of the R&D department from using chatting tools (such as QQand MSN) during working hours from 09:00 to
18:00.

Figure 1- 1

Remarks

SwitchCat the accesslayer:It isconnected toPCsof each departmentand toSwitchBatthe aggregation layer through the
gigabit optical fiber (trunk mode).
SwitchBattheaggregationlayer:Multiplevirtuallocalareanetworks(VLANs)aredivided.OneVLAN isdefinedforone
department.TheseVLANsareconnected toSwitchAat thecorelayerthrough the10-gigabit optical fiber(trunk mode).
Switch A at the core layer:It is connected to various servers, such as the File Transfer Protocol (FTP) server and Hypertext
Transfer Protocol (HTTP) server, and to the Internet through firewalls.

Deployment



Configure an extended ACL on the port G2/1 to filter data packets, thus protecting the network against the viruses.This port is
located on a core-layer device (Switch A) and used to connect Switch A to the uplink port G2/1 of a router.



Allow only internal PCs to access servers, and prohibit external PCs from accessing servers. Define and apply the extended IP
ACLs on G2/2 or switch virtual interface (SVI) 2 that is used to connect Switch A to an aggregation layer device or server.



Prohibit mutual access between specified departments. Define and apply the extended IP ACLs on G0/22 and G0/23 of Switch B.



Configure and apply the time-basedextended IPACLs on SVI 2of SwitchBtoprohibit the R&D department fromusing chatting
tools (such as QQ and MSN) in a specified period of time.

1.3 Features
Basic Concepts
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ACL

ACLs include basic ACLs and dynamic ACLs.
You can select basic or dynamic ACLs as required. Generally, basic ACLs can meet the security requirements. However, experienced
hackersmay use certainsoftwaretoaccessthe network bymeans of IPaddressspoofing. Ifdynamic ACLs areused, usersare
requested to pass identify authentication before accessing the network, which prevents hackers from intruding the network.
Therefore, you can use dynamic ACLs in some sensitive areas to guarantee network security.
IP address spoofing is an inherent problem of all ACLs, including dynamic ACLs. Hackers may use forged IP addresses to access
thenetwork during the validity period of authenticated user identities.Two methods are available toresolve thisproblem. One
is to set the idle time of user access to a smaller value, which increases the difficulty inintruding networks.The other is to
encrypt network data using the IPSec protocol, which ensures that all data is encrypted when arriving at a device.
ACLs are generally configured on the following network devices:



Devices between the internal network and the external network (such as the Internet)



Devices on the border of two network segments



Devices connected to controlled ports

ACLstatementsmustbeexecutedinstrictcompliancewiththeirsequenceintheACL. Comparisonstartsfromthefirststatement.
OncetheheaderofadatapacketmatchesastatementintheACL, thesubsequentstatementsareignoredand nolongerchecked.

 Input/Output ACLs, Filtering Field Template, and Rules
Whenreceivingapacketonaninterface,thedevicecheckswhetherthepacketmatchesanyaccesscontrolentry(ACE)intheinput
ACLof this interface. Before sending apacket through ainterface, the devicecheckswhetherthe packet matchesany ACEin the
output ACL of this interface.
Whendifferent filteringrulesaredefined, all or onlysome rulesmaybe appliedsimultaneously. Ifa packetmatchesan ACE, this
packetisprocessedaccordingtotheactionpolicy(permitordeny)definedinthisACE.ACEsinanACLidentifyEthernetpackets
based on the following fields in the Ethernet packets:
Layer 2 (L2) fields:



48-bit source MAC address (containing all 48 bits)



48-bit destination MAC address (containing all 48 bits)



16-bit L2 type field

Layer 3 (L3) fields:



Source IP address field (All source IP address values can be specified, or the subnet can be used to define a type of data flows.)



DestinationIPaddressfield(AlldestinationIPaddressvalues canbespecified, orthesubnet canbeusedtodefine atypeof data
flows.)



Protocol type field

Layer 4 (L4) fields:



Either aTCP sourceor destination port is specified, or both are specified, or the range of thesourceor destination port is
specified.
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Either a UDP sourceor destination port is specified, or both are specified, or therange of thesource or destination port is
specified.

Filtering fields refer to the fields in packets that can be used to identify or classify packets when an ACE is generated. A filtering field
templateisacombinationofthesefields.Forexample,when anACEisgenerated,packetsareidentifiedandclassifiedbasedonthe
destination IP address field in each packet; when another ACE is generated, packets are identified and classified based on the source
IP address field and UDP source port field in each packet. The two ACEs use different filtering field templates.
Rules refer to values of fields in the filtering field template of an ACE.For example, the content of an ACE is as follows:
permit tcp host 192.168.12.2 any eq telnet
In this ACE, the filtering fieldtemplate is a combination of the following fields:source IP address field, IP protocol field, andTCP
destination port field. The corresponding values (rules) are as follows:source IP address = Host 192.168.12.2; IP protocol = TCP; TCP
destination port = Telnet.
Figure 1- 2 Analysis of the ACE: permit tcp host 192.168.12.2 any eq telnet

A filtering field template can be a combination of L3 and L4 fields, or a combination of multiple L2 fields. The filtering field
templateof astandard or anextended ACL, however,cannot be a combination of L2 and L3fields, a combination of L2 and L4
fields, or a combination of L2, L3, and L4 fields. To use a combination of L2,L3, and L4 fields, you can use the expert ACLs.
AnSVIassociatedwithACLsintheoutgoingdirectionsupports theIPstandard,IPextended, MACextended,and expertACLs.If
an MAC extended or expert ACL is configured to match the destination MAC address and is applied to the outgoing direction of
the SVI, the related ACE can be configured but cannot take effect. If an IP extended or expert ACL is configured to match the
destination IP address, but the destination IP address is not in the subnet IP address range of the associated SVI, the configured
ACL cannot take effect. For example, assume that the addressof VLAN 1 is192.168.64.1 255.255.255.0, an IP extended ACL is
created, and the ACE is deny udp any 192.168.65.1 0.0.0.255 eq 255. If this ACL is applied to the outgoing interface of VLAN 1,
theACL cannot takeeffect because the destination IPaddress isnot inthe subnet IP addressrange of VLAN 1. If the ACE is deny
udp any 192.168.64.1 0.0.0.255 eq 255, the ACL can take effect because the destination IP address is in the subnet IP address
range of VLAN 1.
On a switch, if ACLs are applied to the outgoing direction of a physical port or an aggregate port (AP), the ACLs can filter only
well-known packets (unicastor multicast packets), but not unknown unicastpackets.That is, for unknown or broadcast packets,
ACLs configured in the outgoing direction of a port does not take effect.
On a switch, if the input ACL and DOT1X, global IP+MAC binding, port security, and IP source guard are shared among all ports, the
permit and default deny ACEs do not take effect, but other deny ACEs take effect.
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Ona switch, ifthe input ACL and QoS are shared, the permit ACEs do not takeeffect, other deny ACEs take effect,and thedefault deny
ACE takes effect after the QoS ACE takes effect.
Ona switch, you can run thenoFSOS-security compatiblecommand tomake the permit and deny ACEs takeeffect at the same time
when the port-based input ACL and DOT1X, global IP+MAC binding, port security, and IP source guard are shared.
If ACEs are added to an ACL and then the switch is restarted after an ACL is applied to the incoming direction of multiple SVIs, the ACL
may fail to be configured on some SVIs due to the limited hardware capacity.
If an expert ACL is configured and applied to the outgoing direction of an interface, and some ACEs in this ACL contain the L3
matching information (e.g. the IP address and L4 port), non-IP packets sent to the device from this interface cannot be
controlled by the permit and deny ACEs in this ACL.
If ACEs of an ACL (IP ACL or expert extended ACL) are configured to match non-L2 fields (such as SIP and DIP), the ACL does not
take effect on tagged MPLS packets.
Toallow users better learn the running status of ACLs on a device, you can determine whether to specify the ACL logging option as
required when adding ACEs. If this option is specified, logs are output when packets matching ACEs are found. ACL logs are displayed
based on ACEs. That is, the device periodically displays ACEs with matched packets and the number of matched packets. An example
of the log is as follows:
*Sep 9 16:23:06: %ACL-6-MATCH: ACL 100 ACE 10 permit icmp any any, match 78 packets.
Tocontrol the amount of logs and output frequency, you can configure the log update interval respectively for the IPv4 ACL and the
IPv6 ACL.
An ACE containing the ACL logging option consumes more hardware resources. If all configured ACEs contain this option, the
ACE capacity of a device will be reduced by half.
By default, the log update interval is 0, that is, no log is output. After the ACL logging option is specified in an ACE, you need to
configure the log update interval to output related logs.
For an ACE containing the ACL logging option, if no packet is matched in the specified interval, no packet matching log related
tothis ACE will be output. If matched packets are found in the specified interval, packet matching logs related to this ACE will be
output when the interval expires. The number of matched packets is the total number of packets that match the ACE during the
specified interval, that is, the period from the previous log output to the current log output.
Only switches support the ACL logging function.



ACL Packet Matching Counters

Toimplement networkmanagement, usersmaywanttoknowwhetheranACEhasanymatchedpacketsandhowmanypacketsare
matched. ACLs provide the ACE-based packet matching counters. You can enable or disable packet matching counters for all ACEs in
an ACL, which can be an IP ACL, MAC ACL, expert ACL, or IPv6 ACL. In addition, you can run the clear counters access-list [ acl-id |
acl-name ] command to reset ACL counters for a new round of statistics.
Enabling ACL counters requires more hardware entries. In an extreme case, this will reduce by half the number of ACEs that can
be configured on a device.
Only switches support the ACL packet matching counters.
Overview
Feature

Description

IP ACL

Control incoming or outgoing IPv4 packets of a device based on the L3 or L4 information in the IPv4 packet
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Feature

Description
header.

MAC Extended ACL

Control incoming or outgoing L2 packets of a device based on the L2 information in the Ethernet packet
header.

Expert Extended ACL

Combine the IP ACL and MAC extended ACL into an expert extended ACL, which controls (permits or denies)
incoming or outgoing packets of a device using the same rule based on the L2, L3, and L4 information in the
packet header.

IPv6 ACL

Control incoming or outgoing IPv6 packets of a device based on the L3 or L4 information in the IPv6 packet
header.

ACL80

Customize the matching fields and mask for scenarios where fixed matching fields cannot meet the
requirements.

ACL Redirection

Redirect incoming packets of a device that match ACEs to a specified outgoing interface.

Global Security ACL

Make an ACL take effect in the incoming direction of all interfaces, instead of applying the ACL on every
interface.

Security Channel

Allowpacketstobypass thecheckof accesscontrolapplications,suchasDOT1X andWebauthentication,to
meet requirements of some special scenarios.

SVI Router ACL

Enable users in the same VLAN to communicate with each other.

ACL Logging

Output ACL packet matching logs at a specified interval according torequirements.The logs help userslearn
the packet matching result of a specified ACE.

1.3.1 IP ACL

The IPACL implements refined control on incoming and outgoing IPv4 packets of a device.Youcan permit or deny the entry of
specific IPv4 packets to a network according to actual requirements to control access of IP users to network resources.
Working Principle
Definea series ofIP accessrules inthe IPACL, and then apply the IPACL either intheincoming or outgoing direction of an interface
or globally.The device checkswhether the incoming or outgoing IPv4 packets matchthe rules and accordingly forwards or blocks
these packets.
Toconfigure an IP ACL, you must specifya unique name or ID for the ACL of a protocol so that the protocol can uniquely identify each
ACL. The following table lists the protocols that can use IDs to identify ACLs and the range of IDs.
Protocol

ID Range

Standard IP

1–99, 1300–1999

Extended IP

100–199, 2000–2699

Basic ACLs include the standard IP ACLs and extended IP ACLs. Typical rules defined in an ACL contain the following matching fields:



Source IP address



Destination IP address



IP protocol number



L4 source port ID or ICMP type



L4 destination port ID or ICMP code
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The standard IP ACL (ID range: 1–99, 1300–1999) is used to forward or block packets based on the source IP address, whereas the
extendedIPACL (IDrange:100–199, 2000–2699) isusedtoforwardor blockpacketsbasedona combinationof the preceding
matching fields.
ForanindividualACL, multipleindependentACLstatementscanbeusedtodefine multiplerules.Allstatements referencethesame
IDor name sothat thesestatements arebound with thesame ACL. However, more statements mean that it isincreasingly difficult to
read and understand the ACL.
For routing products, the ICMPcode matching field in an ACL rule is ineffective for ICPM packetswhose ICPMtype is 3. If the ICPM
codeofICMPpacketstobematchedisconfiguredinanACLrule,theACLmatchingresultofincomingICMPpacketsofadevice
whose ICPM type is 3 may be different from the expected result.

 Implicit "Deny All Traffic" Rule Statement
At the end of every IP ACL is an implicit "deny all traffic" rule statement. Therefore, if a packet does not match any rule, the packet will
be denied.
For example:
access-list 1 permit host 192.168.4.12
This ACL permits only packets sent from the source host 192.168.4.12, and denies packets sent from all other hosts. This is because the
following statement exists at the end of this ACL: access-list 1 deny any.
If the ACL contains only the following statement:
access-list 1 deny host 192.168.4.12
Packets sent from any host will be denied when passing through this port.
Whendefining an ACL, you must consider the routing update packets.As the implicit"deny alltraffic"statement exists at the
end of an ACL, all routing update packets may be blocked.



Input Sequence of Rule Statements

Every new rule is added to the end of an ACL and in front of the default rule statement. The input sequence of statements in an ACL is
very important. It determines the priority of each statement in the ACL. When determining whether to forward or block packets, a
devicecomparespacketswithrulestatementsbasedonthesequencethatrulestatementsarecreated.Afterlocatingamatchedrule
statement, the device does not check any other rule statement.
Ifa rulestatementiscreated anddenies alltraffic,allsubsequent statementswillnot be checked.
For example:
access-list 101 deny ip any any
access-list 101 permit tcp 192.168.12.0 0.0.0.255 eq telnet any
The first rule statement denies all IP packets. Therefore, Telnet packets from the host on the network 192.168.12.0/24 will be denied.
After the device finds that packets match the first rule statement, it does not check the subsequent rule statements any more.
Related Configuration



Configuring an IP ACL

By default, no IP ACL is configured on a device.
Runtheipaccess-list{standard|extended}{acl-name|acl-id}commandinglobalconfigurationmodetocreateastandardoran
extended IP ACL and enter standard or extended IP ACL mode.
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 Adding ACEs to an IP ACL
By default, a newly created IP ACL contains an implicit ACE that denies all IPv4 packets. This ACE is hidden from users, but takes effect
when the ACL isapplied to aninterface.That is, all IPv4 packetswillbe discarded.Therefore, if you want the devicetoreceive or send
some specific IPv4 packets, add some ACEs to the ACL.
For a standard IP ACL, add ACEs as follows:



Nomatterwhether thestandardIPACL isanamed ornumber ACL,you canrunthefollowing commandinstandardIPACL
mode to add an ACE:
[ sn ] { permit | deny } {host source| any | source source-wildcard } [ time-range time-range-name ] [ log ]



For a numbered standard IP ACL, you can also run the following command in global configuration mode to add an ACE:
access-list acl-id { permit | deny } {host source| any | source source-wildcard } [ time-rangetm-rng-name ][ log ]

For an extended IP ACL, you can add ACEs as follows:



Nomatter whetherthe extended IPACLis anamed or numberedACL, you canrun thefollowing command inextended IPACL
mode to add an ACE:
[ sn ] { permit | deny } protocol{host source| any | sourcesource-wildcard } {host destination| any | destination
destination-wildcard }[ [[ precedence precedence ] [ tos tos]] | [dscp dscp] [ecn ecn] ] [ udf udf-id header pos value mask ]
[fragment] [ fragment-ipid fragment-ipid ] [time-range time-range-name] [ log ]



For a numbered extended IP ACL, you can also run the following command in global configuration mode to add an ACE:
access-listacl-id{permit|deny }protocol{host source|any|sourcesource-wildcard}{hostdestination|any|destination
destination-wildcard }[ [[ precedence precedence ] [ tos tos]] | [dscp dscp] [ecn ecn] ] [fragment] [ fragment-ipid fragment-ipid ]
[time-range time-range-name] [ log ]

 Applying an IP ACL
By default, the IP ACL is not applied to any interface, that is, the IP ACL does not filter incoming or outgoing IP packets of the device.
Run the ip access-group { acl-id | acl-name } { in| out }[ reflect | counter-only| forward-plane | priority ] command in interface
configuration mode to apply a standard or an extended IP ACL to a specified interface.
Tocollect statistics on packets with some features, run the ip access-group { acl-id | acl-name } { in| out } counter-only command on
the interface. The count rule takes effect only to permit rules and does not take effect to deny rules in the ACL.
After an ACL is used as a counter-only ACL, the counter function cannot be globally enabled for the ACL, and the ACL cannot be
applied globally or on interfaces as a common application ACL. That is, ACLs with the same ID or name cannot be used as a
counter-only ACL and a common application ACL at the same time.
Configure forward-plane so that ACL is only applied to the forwarding plane.
Configure priority to set the priority of ACL applied to the SVI interface, so that this ACL can have the highest priority on the
forwarding plane of SVI interface.
1.3.2 MAC Extended ACL

The MACextended ACL implements refined control on incoming and outgoing packetsbased on the L2 header of packets.Youcan
permitordenytheentryof specificL2packetstoanetwork,thus protectingnetworkresourcesagainstattacksorcontrolusers'access
to network resources.
Working Principle
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Definea series of MAC accessrules in theMAC extendedACL, and then apply the ACL tothe incoming or outgoing directionof an
interface.The devicecheckswhether theincoming or outgoing packetsmatchtherules and accordinglyforwards or blocksthese
packets.
Toconfigure an MACextended ACL, you must specifya unique name or IDfor thisACL touniquelyidentify the ACL.The following
table lists the range of IDs that identify MAC extended ACLs.
Protocol

ID Range

MAC extended ACL

700–799

Typical rules defined in an MAC extended ACL include:



Source MAC address



Destination MAC address



Ethernet protocol type

The MAC extended ACL (ID range: 700–799) is used to filter packets based on the source or destination MAC address and the Ethernet
type in thepackets.
Foranindividual MACextendedACL, multipleindependentACLstatementscanbeusedtodefinemultiplerules.Allstatements
referencethesameIDorname sothatthesestatementsareboundwiththesameACL.However,morestatementsmeanthatitis
increasingly difficult to read and understand the ACL.
IfACEsinanMACextendedACLarenot defined specificallyfor IPv6packets,that is,theEthernettype isnot specifiedor thevalue of
theEthernet type fieldis not 0x86dd, the MAC extended ACL does not filter IPv6 packets. If you want tofilter IPv6 packets, use
the IPv6 extended ACL.



Implicit "Deny All Traffic" Rule Statement

Atthe end of every MACextended ACLis an implicit "deny all traffic"rulestatement.Therefore, if apacket does not match anyrule,
the packet will be denied.
For example:
access-list 700 permit host 00d0.f800.0001 any
This ACL permits only packets from the host with the MAC address 00d0.f800.0001, and denies packets from all other hosts. This is
because the following statement exists at the end of this ACL: access-list 700 deny any any.
Related Configuration



Configuring an MAC Extended ACL

By default, no MAC extended ACL is configured on a device.
Run the mac access-list extended {acl-name | acl-id } command in global configuration mode to create an MAC extended ACL and
enter MAC extended ACL mode.



Adding ACEs to an MAC Extended ACL

By default, a newly created MAC extended ACL contains an implicit ACE that denies all L2 packets. This ACE is hidden from users, but
takes effect when the ACL is applied to an interface. That is, all L2 packets will be discarded. Therefore, if you want the device to
receive or send some specific L2 packets, add some ACEs to the ACL.
You can add ACEs to an MAC extended ACL as follows:
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No matter whether the MAC extended ACL is a named or numbered ACL, you can run the following command in MAC extended
ACL mode to add an ACE:
[sn] { permit | deny } {any | host src-mac-addr | src-mac-addrmask}{any | host dst-mac-addr | dst-mac-addrmask} [ethernet-type]
[coscos ] [innercos] [ time-rangetm-rng-name ]



For a numbered MAC extended ACL, you can also run the following command in global configuration mode to add an ACE:
access-list acl-id { permit | deny } {any | host src-mac-addr | src-mac-addrmask }{any | host dst-mac-addr | dst-mac-addrmask }
[ethernet-type] [coscos ] [innercos] [ time-rangetime-range-name ]

 Applying an MAC Extended ACL
By default, the MAC extended ACL is not applied to any interface, that is, the created MAC extended ACL does not filter incoming or
outgoing L2 packets of a device.
Run the mac access-group { acl-id | acl-name } { in| out }[ counter-only | forward-plane | priority ] command in interface
configuration mode to apply an MAC extended ACL to a specified interface.
Tocollect statistics on packets with some features, run the mac access-group { acl-id | acl-name } { in| out } counter-only command
on the interface. The count rule takes effect only to permit rules and does not take effect to deny rules in the ACL.
After an ACL is used as a counter-only ACL, the counter function cannot be globally enabled for the ACL, and the ACL cannot be
applied globally or on interfaces as a common application ACL. That is, ACLs with the same ID or name cannot be used as a
counter-only ACL and a common application ACL at the same time.
Configure forward-plane so that ACL is only applied to the forwarding plane.
Configure priority to set the priority of ACL applied to the SVI interface, so that this ACL can have the highest priority on the
forwarding plane of SVI interface.
1.3.3 Expert Extended ACL

Youcancreatean expertextendedACLtomatchtheL2andL3informationinpacketsusingthesamerule.The expertextendedACL
canbetreatedasacombinationand enhancementoftheIPACLand theMACextendedACLbecausetheexpertextendedACLcan
containACEsinboththeIPACLand theMACextendedACL. Inaddition,theVLANIDcanbe specifiedintheexpert extendedACLto
filter packets.
Working Principle
Define a series of access rules in the expert extended ACL, and then apply the ACL in the incoming or outgoing direction of an
interface. The device checks whether incoming or outgoing packets match the rules and accordingly forwards or blocks these packets.
Toconfigure an expert extended ACL, you must specify a unique name or ID for this ACL so that the protocol can uniquely identify
each ACL. The following table lists the ID range of the expert extended ACL.
Protocol

ID Range

Expert extended ACL

2700–2899

Whenan expertextendedACLiscreated,definedrulescanbeapplied toallpackets.Thedevicedetermineswhether toforwardor
block packets by checking whether packets match these rules.
Typical rules defined in an expert extended ACL include:



All information in the basic ACL and MAC extended ACL



VLAN ID
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The expert extended ACL (ID range: 2700–2899) is a combination of the basic ACL and MAC extended ACL, and can filter packets
based on the VLAN ID.
For anindividual expert extended ACL, multiple independent statements canbe usedtodefine multiplerules. All statements
reference the same ID or name so that these statements are bound with the same ACL.
If rules in an expert extended ACL are not defined specifically for IPv6 packets,that is, the Ethernet type is not specified or the value of
the Ethernet type field is not 0x86dd, the expert extended ACL does not filter IPv6 packets. If you want to filter IPv6 packets, use
the IPv6 extended ACL.
The Virtual Extensible LAN (VXLAN) field in the expert extended ACL of a data center product is mainly used to match the inner
packets in the VXLAN. Therefore, you can use the expert extended ACL in VXLAN mode to match the inner IP address of the
VXLAN.
The VXLAN field in the N18K-CMX expert extended ACL of a data center product cannot match the 5-tuple of the inner and external
layer concurrently. However, FS N5860 only needs to matchthe tunnel start packetsand tunnel termination packets.Therefore,
with N5860, you can only use a common 5-tuple field to match the original packets without applying the VXLAN field in the
expert extended ACL.
When a device needs to match VXLAN packets, you can specify the destination port ID of the VXLAN protocol to confirm VXLAN
packets. You can also specify whether matched VXLAN packets carry tags.
The UDF field in the expert extended ACL of a data center product is a customized field. Users should customize the protocol layer,
offset, data and mask.
MPLS in the expert extended ACL of a data center product can provide the matching rules for the IP field in MPLS packets.

 Implicit "Deny All Traffic" Rule Statement
At the end of every expert extended ACL is an implicit "deny all traffic" rule statement. Therefore, if a packet does not match any rule,
the packet will be denied.
For example:
access-list 2700 permit 0x0806 any any any any any
This ACL permits only ARP packets whose Ethernet type is 0x0806, and denies all other types of packets. This is because the following
statement exists at the end of this ACL: access-list 2700 deny any any any any.
Related Configuration



Configuring an Expert Extended ACL

By default, no expert extended ACL is configured on a device.
Run the expert access-list extended {acl-name | acl-id } command in global configuration mode to create an expert extended ACL
and enter expert extended ACL mode.



Adding ACEs to an Expert Extended ACL

By default, a newly created expert extended ACL contains an implicit ACE that denies all packets. This ACE is hidden from users, but
takes effect when the ACL is applied to an interface.That is, all L2 packets will be discarded. Therefore, if you want the device to
receive or send some specific L2 packets, add some ACEs to the ACL.
You can add ACEs to an expert extended ACL as follows:
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No matter whether the expert extended ACL is a named or numbered ACL, you can run the following command in expert
extended ACL mode to add an ACE:
[sn]{ permit |deny }[protocol| [ethernet-type][ cos[out] [inner in]]] [[VID [out][inner in]]] {source source-wildcard | host source |
any}{hostsource-mac-address|any } {destination destination-wildcard | host destination | any} {host destination-mac-address |
any} [[precedence precedence][tos tos] | [dscp dscp] [ecn ecn] ] [fragment] [ fragment-ipid fragment-ipid ] [range lowerupper]
[[udf udf-id header pos value mask ] | [ int-flag ]] [time-range time-range-name]]



When VXLAN packets need to match the inner 5-tuple, you can use the following command in expert ACL:
[sn]{ permit |deny } vxlan protocol {source source-wildcard | host source | any} {destination destination-wildcard | host destination
| any} [tagged] [udp-dport dport][time-rangetime-range-name]]
Thiscommand isusedtoconfigure anACE intheACL.Whenprotocol issettoTCPorUDP, you canconfigureaLayer-4port IDto
indicate the VXLAN inner port ID to be matched.



Foranumberedexpert extended ACL,you canalsorunthefollowing commandinexpert extendedACLmode toaddanACE:
access-list acl-id{ permit |deny }[protocol| [ethernet-type][ cos[out] [inner in]]] [[VID [out][inner in]]] {source source-wildcard |
host source| any}{host source-mac-address|any } {destinationdestination-wildcard | hostdestination | any} {host
destination-mac-address | any} [[precedence precedence][tos tos] | [dscp dscp] [ecn ecn] ] [fragment] [ fragment-ipid
fragment-ipid ] [range lowerupper] [[udf udf-id header pos value mask ] | [ int-flag ]] [time-range time-range-name]]



Applying an Expert Extended ACL

By default, the expert extended ACL is not applied toany interface, that is, the created expert extended ACL does not filter incoming
or outgoing L2 or L3 packets of a device.
Run the expert access-group {acl-id | acl-name} { in| out} [ counter-only | forward-plane | priority ]command in interface
configuration mode to apply an expert extended ACL to a specified interface.
Tocollectstatisticson packetswithsomefeatures, runtheexpert access-group{acl-id |acl-name}{in|out}counter-onlycommand
on the interface. The count rule takes effect only to permit rules and does not take effect to deny rules in the ACL.
After an ACL is used as a counter-only ACL, the counter function cannot be globally enabled for the ACL, and the ACL cannot be
applied globally or on interfaces as a common application ACL. That is, ACLs with the same ID or name cannot be used as a
counter-only ACL and a common application ACL at the same time.
Configure forward-plane so that ACL is only applied to the forwarding plane.
Configure priority to set the priority of ACL applied to the SVI interface, so that this ACL can have the highest priority on the
forwarding plane of SVI interface.
1.3.4 IPv6 ACL

The IPv6ACL implements refined control on incoming and outgoing IPv6 packets of adevice.Youcanpermit or deny the entry of
specific IPv6 packets to a network according to actual requirements to control access of IPv6 users to network resources.
Working Principle
DefineaseriesofIPv6accessrulesintheIPv6 ACL,and then applythe ACLintheincomingor outgoingdirectionof aninterface.The
device checks whether the incoming or outgoing IPv6 packets matchthe rules and accordingly forwards or blocks thesepackets.
To configure an IPv6 ACL, you must specify a unique name for this ACL.
UnliketheIPACL,MACextendedACL,andexpertextendedACL,youcanspecifyonlyanamebutnotanIDfortheIPv6ACL
created.
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Onlyone IPACL, or one MAC extended ACL, or one expert extended ACL can be appliedtothe incomingor outgoing direction
of an interface. Besides, one more IPv6 ACL can be applied.



Implicit "Deny All Traffic" Rule Statement

Atthe end of every IPv6ACL isan implicit"deny all IPv6traffic"rule statement.Therefore, if apacket does not matchany rule, the
packet will bedenied.
For example:
ipv6 access-list ipv6_acl
10 permit ipv6 host 200::1 any
This ACL permits only IPv6 packets from the source host 200::1, and denies IPv6 packets from all other hosts. This is because the
following statement exists at the end of this ACL: deny ipv6 any any.
Although the IPv6 ACL contains the implicit "deny all IPv6 traffic" rule statement by default, it does not filter ND packets.



Input Sequence of Rule Statements

Every new rule is added to the end of an ACL and in front of the default rule statement. The input sequence of statements in an ACL is
very important. It determines the priority of each statement in the ACL. When determining whether to forward or block packets, a
devicecomparespacketswithrulestatementsbasedonthesequencethatrulestatementsarecreated.Afterlocatingamatchedrule
statement, the device does not check any other rule statement.
Ifa rulestatementiscreated and permitsallIPv6 traffic,allsubsequentstatementswillnot bechecked.
For example:
ipv6 access-list ipv6_acl
10 permit ipv6 any any
20 deny ipv6 host 200::1 any
AsthefirstrulestatementpermitsallIPv6packets,allIPv6packetssentfromthehost 200::1doesnot matchthesubsequent denyrule
with the serial number of 20, and therefore will not be denied. After the device finds that packets match the first rule statement, it
does not check the subsequent rule statements any more.
Related Configuration



Configuring an IPv6 ACL

By default, no IPv6 ACL is configured on a device.
Run the ipv6 access-list acl-name command in global configuration mode to create an IPv6 ACL and enter IPv6 ACL mode.



Adding ACEs to an IPv6 ACL

Bydefault,anewlycreatedIPv6ACL containsanimplicitACEthatdeniesallIPv6packets.ThisACEishiddenfromusers,but takes
effectwhentheACLisappliedtoan interface.That is, allIPv6 packetswillbe discarded.Therefore,ifyouwant the devicetoreceiveor
send some specific IPv6 packets, add some ACEs to the ACL.
Run the following command in IPv6 ACL mode to add an ACE:
[sn] {permit | deny }protocol{src-ipv6-prefix/prefix-len|host src-ipv6-addr| any}{dst-ipv6-pfix/pfix-len|host dst-ipv6-addr|any} [range
lower upper] [dscp dscp][flow-labelflow-label][fragment] [ udf udf-id header pos value mask ] [time-range tm-rng-name] [ log ]
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Applying an IPv6 ACL

By default, the IPv6 ACL isnot applied toany interface, that is, theIPv6 ACL does not filter incoming or outgoing IPv6 packetsof a
device.
Run the ipv6 traffic-filter acl-name { in| out } [ counter-only | priority ] command in interface configuration mode toapply an IPv6
ACL to a specified interface.
Configure priority to set the priority of ACL applied to the SVI interface, so that this ACL can have the highest priority on the
forwarding plane of SVI interface.
1.3.5 ACL80

ACL80 refers to the expert advanced ACL, and is also called custom ACL. It filters packets based on the first 80 bytes of every packet.
Among these 80 bytes, the SMAC, DMAC, SIP,DIP,and ETYPE fields in a packet are mandatory, and you can specify the remaining 16
bytes.
Working Principle
A packet consists of a number of bytes. ACL80 allows you to match the specified 16 bytes by bit in the first 80 bytes of a packet. Any
bit of a 16-byte field can be set to a value (0 or 1), indicating whether the bit is compared. When any byte is filtered, three factors are
considered: content of the matching field, mask of the matching field, and the start position for matching. Bits of the matching field
content are in one-to-one mapping relationship with bits of the matching field mask. The filtering rule specifies the value of the field
to be filtered. The filtering field template specifies whether the corresponding field in the filtering rule should be filtered. (1 indicates
that the bit specified in the filtering rule should be matched; 0 indicates that the bit specified in the filtering rule is not matched.)
Therefore, when it is required to match a specific bit, you must set the corresponding bit to 1 in the filtering field template. For
example, if the bit is set to 0 in the filtering field template, no bit is matched no matter which bit is specified in the filtering rule.
For example,
FS(config)#expert access-list advanced name
FS(config-exp-dacl)#permit 00d0f8123456 ffffffffffff 0
FS(config-exp-dacl)#deny 00d0f8654321 ffffffffffff 6
The customACLmatches any byteof the first80 bytes in aL2data frameaccording touser'definition, and filterspacketsaccordingly.
Toproperlyuse a custom ACL, you must have an in-depth understanding about the structureof a L2 data frame.The following shows
the first 64 bytes of a L3 data frame (every letter represents a hexadecimal number, and every two letters represent one byte):
AA AA AA AA AA AA BB BB BB BB BB BB CC CC DD DD
DD DD EE FF GG HH HH HH II II JJ KK LL LL MM MM
NN NN OO PP QQ QQ RR RR RR RR SS SS SS SS TT TT
UU UU VV VV VV VV WW WW WW WW XY ZZ aa aa bb bb
The following table describes the meaning and offset of each letter:
Letter

Meaning

Offset

Letter

Meaning

Offset

A

Destination MAC address

0

O

Time To Live (TTL) field

34

B

Source MAC address

6

P

Protocol number

35

C

VLAN tag field

12

Q

IP checksum

36

D

Data frame length

16

R

Source IP address

38
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Letter

Meaning
Destinationserviceaccesspoint (DSAP)

E

field

Offset

Letter

Meaning

Offset

18

S

Destination IP address

42

F

Sourceserviceaccesspoint(SSAP) field

19

T

TCP source port

46

G

Cntl field

20

U

TCP destination port

48

H

OFS Code field

21

V

Serial number

50

I

Encapsulated data type

24

W

Acknowledgment field

54

J

IP version number

26

XY

IP header length and reserved bit

58

K

TOS field

27

Z

Reserved bit and flags bit

59

L

IP packet length

28

a

Windows size field

60

M

ID

30

b

Miscellaneous

62

N

Flags field

32

In the above table, theoffset of each fieldis the offset of this field in the tagged 802.3 SNAP packet. In a custom ACL, you can use the
rule mask and offset jointly to extract any byte from the first 80 bytes of a data frame, compare the byte with the rule customized in
the ACL, and then filter matched data frames for further processing. Customized rules may be some fixed attributes of data. For
example,toobtainallTCPpackets,youcandefinetheruleas"06",rulemaskas"FF",andoffsetas"35".Then,thedevicecanusethe
rule mask and offset jointly to extract the content of TCP protocol number field in a received data frame, and compare the extracted
content with the rule to obtain all TCP packets.
Only switches support the ACL80.
TheACL80supportsfilteringoftheEthernet,803.3SNAP,and802.3LLCpackets.IfthevaluesofthefieldsfromDSAPtocntlare
settoAAAA03,theACLisusedtofilterthe803.3SNAPpackets.IfthevaluesofthefieldsfromDSAPtocntlaresettoE0E003,the
ACL is used to filter the 803.3 LLC packets. The value of the cntl field cannot be configured to filter Ethernet packets.
TheACL80canbeconfiguredtocomparepacketswithanyofthe16bytes.Ifthe16bytesarealreadyused, noACEcanbe
configured to compare packets with fields in any other bytes.
Related Configuration



Configuring an Expert Advanced ACL

By default, no expert advanced ACL is configured on a device.
Run the expert access-list advanced acl-name command in global configuration mode to create an expert advanced ACL and enter
expert advanced ACLmode.



Adding ACEs to an Expert Advanced ACL

By default, a newly created expert advanced ACL contains an implicit ACE that denies all packets. This ACE is hidden from users, but
takes effect when the ACL is applied to an interface.That is, all L2 packets will be discarded. Therefore, if you want the device to
receive or send some specific L2 packets, add some ACEs to the ACL.



Runthe[sn]{permit|deny}hexhex-maskoffsetcommandinexpert advancedACLmode toaddanACEtotheexpert

advanced ACL.



Applying an Expert Advanced ACL

Bydefault,the expert advanced ACLisnot applied toanyinterface, that is, thecreatedexpert advancedACL doesnot filter incoming
or outgoing packets of a device.
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Run the expert access-group acl-name {in| out } [forward-plane|priority] command in interface configuration mode toapply an
expert advanced ACL to a specified interface.
Configure forward-plane so that ACL is only applied to the forwarding plane.
Configure priority to set the priority of ACL applied to the SVI interface, so that this ACL can have the highest priority on the
forwarding plane of SVI interface.
1.3.6 ACL Redirection

ACLredirection allows a deviceto analyze received packetsand redirect the packets toaspecified port for forwarding. Toanalyze
specificincoming packetsof adevice,you canconfiguretheACL redirectionfunctiontoredirect packetsmeeting rulesto aspecified
port and capture packets on this port for analysis.
Working Principle
Bind different ACL policy to an interface and specify an output destination interface for each policy.When receiving packets on this
interface,thedevicesearchesACLpoliciesbound tothisinterfaceone byone. Ifpacketsmatchcriteriadescribedinacertainpolicy,
the device forwards packets on the destination interface specified by the policy, thus redirecting packets based on traffic.
Only switches support the ACL redirection function.
ACL redirection takes effect only in the incoming direction of an interface.
Related Configuration



Configuring an ACL

Before configuring ACL redirection, configure an ACL. For details about how to configure an ACL, see the earlier descriptions about
ACL configuration.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL,
or IPv6 ACL.



Configuring ACL Redirection

By default, ACL redirection is not configured on a device.
Run the redirect destinationinterface interface-name acl {acl-id | acl-name } in command in interface configuration mode to
configure ACL redirection.
You can configure the ACL redirection function only on an Ethernet interface or AP.
1.3.7 Global Security ACL

Tomeet the requirements of security deployment, the port-based ACL is often configured to filter out virus packets and obtain
packetswithcertaincharacteristics,forexample,packetsthatattacktheTCPport.Various viruspacketsexistinaglobal network
environment,andtheidentificationfeaturesofviruspacketsundereachportareidenticalorsimilar.Therefore,anACLisgenerally
created. After the deny ACE for matching virus signatures is added to the ACL, the port-based ACL is applied to each port on the
switch to filter out virus packets.
Fortworeasons,itisnot convenienttousetheport-basedACLs inantivirusscenariossuchas virusfiltering.Thefirstreasonisthatthe
port-based ACL must be configured on every port, which results in repeated configuration, poor operation performance, and
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over-consumptionofACLresources.ThesecondreasonisthattheaccesscontrolfunctionoftheACLisweakened.Astheport-based
ACL isused for virus filtering, basic functions of the ACL, such as route update restriction and network accessrestriction, cannot be
usedproperly.TheglobalsecurityACLcanbeusedforglobalantivirusdeploymentanddefensewithoutaffectingtheport-basedACL.
Byrunning only onecommand, you canmaketheglobal securityACLtakeseffectonallL2 interfaces.Incontrast,theport-basedACL
must be configured on every interface.
Working Principle
The global security ACL takes effect on all L2 interfaces. When both the global security ACL and the port-based ACL are configured,
bothtakeeffect.Packetsthat matchthe global securityACLare directlyfilteredout as viruspackets. Packetsthatdo not matchthe
global securityACL arestill controlledbythe port-basedACL.Youcandisablethe global securityACL on someports sothat these
ports are not controlled by the global security ACL.
TheglobalsecurityACLismainlyusedforvirusfiltering.Therefore,inanACLassociatedwiththeglobalsecurityACL,onlythe
deny ACEs take effect, and the permit ACEs do not take effect.
UnlikethesecureACL applied toaport, theglobal securityACL does not containthedefault "deny all traffic"ACE, that is,all
packets that do not match the ACL are permitted.
A global secure ACL can take effect either on a L2 port or a routed port. That is, it takes effect on all the following types of ports:
access port, trunk port, hibird port, routed port, and AP (L2 or L3). The global secure ACL does not take effect on an SVI.
You can disable the global security ACL on an individual physical port or AP, but not on a member port of an AP.
The global secure ACL supports only the associated IP standard ACL, IP extended ACL, MAC extended ACL and expert extended
ACL.
Related Configuration



Configuring an ACL

Before configuring the global security ACL, configure an ACL. For details about how to configure an ACL, see the earlier descriptions
about ACL configuration.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL.



Configuring a Global Security ACL

By default, no global security ACL is configured on a device.
Runthe{ip|mac|Expert }access-groupacl-id {in|out }commandinglobal configuration modetoenabletheglobal securityACL.
Run the ipv6 traffic-filter acl-name {in | out} command to enable the global Ipv6 security ACL



Configuring an Exclusive Interface of the Global Security ACL

By default, no exclusive interface is configured for the global security ACL on a device.
Run the no global ip access-group command in interface configuration to disable the global security ACL on a specified interface.
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1.3.8 Security Channel

In some application scenarios, packets meeting some characteristics may need to bypass the checks of access control applications. For
example, before DOT1X authentication, users are allowed to log in to a specified website to download the DOT1X authentication
client.The securitychannel can be used for this purpose. When the securitychannel configuration command is executed toapply a
secure ACL globally or to an interface, this ACL becomes a security channel.
Working Principle
Thesecuritychannelisalsoan ACL, andcanbe configured globallyor foraspecifiedinterface.Whenarrivingat aninterface,packets
are check on the security channel. If meeting the matching conditions of the security channel, packetsdirectly enters a switchwithout
undergoingthe accesscontrol, suchas port security,Webauthentication, 802.1x, and IP+MAC binding check. Agloballyapplied
security channel takes effect on all interfaces except exclusive interfaces.
The deny ACEs inan ACL that isapplied toa securitychannel donot takeeffect. In addition, thisACL does not contain an
implicit "deny all traffic" rule statement at the end of the ACL. If packets do not meet matching conditions of the security
channel, they are checked according to the access control rules in compliance with the relevant process.
Youcan configure up toeight exclusive interfacesfor the global security channel. In addition, you cannot configure
interface-based security channel on these exclusive interfaces.
Ifa security channel isapplied toan interface whilea global securitychannel exists, thisglobal securitychannel does not take
effect on thisinterface.
Ifboth port-based migratable authenticationmode and securitychannel are appliedtoan interface,the securitychannel does
not take effect.
An IPv6 ACL cannot be configured as a security channel.
Only switches support the security channel.
Related Configuration



Configuring an ACL

Before configuring the security channel, configure an ACL. For details about how to configure an ACL, see the earlier descriptions
about ACL configuration.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, or expert extended
ACL.



Configuring a Security Channel on an Interface

By default, no security channel is configured on an interface of a device.
Run the security access-group {acl-id | acl-name } command in interface configuration mode to configure the security channel on an
interface.



Configuring a Global Security Channel

By default, no global security channel is configured on a device.
Run the security global access-group {acl-id | acl-name } command in interface configuration mode to configure a global security
channel.
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Configuring an Exclusive Interface for the Global Security Channel

By default, no exclusive interface is configured for the global security channel on a device.
Runthesecurityuplinkenablecommandininterfaceconfigurationmodetoconfigureaspecifiedinterfaceastheexclusive
interface of the global security channel.
1.3.9 SVI Router ACL

By default, an ACL that is applied to an SVI also takes effect on L2 packets forwarded within a VLAN and L3 packets forwarded
between VLANs. Consequently, users in the same VLAN may fail to communicate with each other. Therefore, a switchover method is
provided so that the ACL that is applied to an SVI takes effect only on routing packets between VLANs.
Working Principle
By default, the SVI router ACL function isdisabled, and an SVI ACL takeseffect on L3 packetsforwarded betweenVLANs and L2
packets forwarded within a VLAN. After the SVI router ACL function is enabled, the SVI ACL takes effect only on L3 packets forwarded
between VLANs.
Only switches support the SVI router ACL.
Related Configuration



Configuring an ACL

Before configuring the SVI router ACL, configure and apply an ACL. For details about how to configure an ACL, see the earlier
descriptions about ACL configuration.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL,
or IPv6 ACL.



Applying an ACL

For details about how to apply an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL, or IPv6
ACL. Apply the ACL in SVI configuration mode.



Configuring the SVI Router ACL

Run the svi router-aclsenablecommand in global configuration mode to enablethe SVI router ACL so that the ACL that isapplied to
an SVI takes effect only on packets forwarded at L3, and not on packets forwarded at L2 within a VLAN.
1.3.10 ACL Logging

ACLlogging is used tomonitor therunning status of ACEs in an ACL and provide essential information for routine network
maintenance and optimization.
Working Principle
Tobetter learn the running status of ACLs on a device, you can determine whether to specify the ACL logging option as required
when adding ACEs. If this option is specified, logs are output when packets matching ACEs are found. ACL logs are displayed based on
ACEs.Thatis,thedeviceperiodicallydisplaysACEswithmatchedpacketsandthenumberofmatchedpackets.Anexampleofthelog
is as follows:
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*Sep 9 16:23:06: %ACL-6-MATCH: ACL 100 ACE 10 permit icmp any any, match 78 packets.
To control the amount of logs and output frequency, you can configure the log update interval.
An ACE containing the ACL logging option consumes more hardware resources. If all configured ACEs contain this option, the
ACE capacity of a device will be reduced by half.
By default, the log update interval is 0, that is, no log is output. After the ACL logging option is specified in an ACE, you need to
configure the log update interval to output related logs; otherwise, logs are not output.
For an ACE containing the ACL logging option, if no packet is matched in the specified interval, no packet matching log related
tothis ACE will be output. If matched packets are found in the specified interval, packet matching logs related to this ACE will be
output when the interval expires. The number of matched packets is the total number of packets that match the ACE during the
specified interval, that is, the period from the previous log output to the current log output.
Only switches support the ACL logging function.
You can configure the ACL logging option only for an IP ACL or an IPv6 ACL.
Related Configuration



Configuring an ACL

ConfigureanACLbeforeconfiguringACEscontainingtheACLloggingoption. FordetailsabouthowtoconfigureanACL, seethe
earlier descriptions about ACL configuration.



Adding ACEs to an ACL

FordetailsabouthowtoaddACEstoanACL,seetheearlierdescriptionsabouttheIPACLandIPv6ACL.NotethattheACLlogging
option must beconfigured.



Configuring the Log Update Interval

Run the {ip| ipv6} access-listlog-update inerval time command in the configuration mode to configurethe interval at which the
ACL logs are output.



Applying an ACL

For details about how to apply an ACL, see the earlier descriptions about the IP ACL and IPv6 ACL.
1.3.11 Packet Matching Counters

In addition to ACL logs, packet matching counters provide another choice for routine network maintenance and optimization.
Working Principle
Toimplement networkmanagement,usersmaywanttoknowwhetheranACEhas anymatchedpacketsand howmany packetsare
matched.ACLs provide the ACE-based packet matching counters. You can enable or disable packet matching counters for all ACEs in
anACL.WhenapacketmatchestheACE,thecorrespondingcounterincrementsby1.Youcanruntheclearcountersaccess-list
[ acl-id | acl-name ] command to reset counters of all ACEs in an ACL for a new round of statistics.
Enabling ACL counters requires more hardware entries. In an extreme case, this will reduce by half the number of ACEs that can
be configured on a device.
Youcan enable packet matching counters on an IP ACL, MAC ACL, expert ACL, or IPv6 ACL.
Only switches support the ACL packet matching counters.
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Related Configuration



Configuring an ACL

ConfigureanACLbeforeconfiguringACEscontainingtheACLloggingoption. FordetailsabouthowtoconfigureanACL, seethe
earlier descriptions about ACL configuration.



Adding ACEs to an ACL

For detailsabout howto add ACEs toan ACL, see theearlier descriptionsabout theACL. Note that theACLlogging option must be
configured.



Enabling Packet Matching Counters

To enable packet matching counters on an IP ACL, MAC ACL, or expert ACL, run the {mac | expert | ip} access-list counter { acl-id |
acl-name } command in global configuration mode.
To enable packet matching counters on an IPv6 ACL, run the ipv6 access-list counter acl-name command in global configuration
mode.



Applying an ACL

For details about how to apply an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL, or IPv6
ACL.



Clearing Packet Matching Counters

Run the clear countersaccess-list [acl-id | acl-name ] command in privileged EXEC mode to reset packet matching counters.
1.3.12 Fragmented Packet Matching Mode

In fragmented packet matching mode, an ACL can implement more refined control on fragmented packets.
Working Principle
IP packets may be fragmented when transmitted on the network. When fragmentation occurs, only the first fragment of the packet
contains the L4 information, such as theTCP/UDP port number, ICMP type, and ICMP code, and other fragmented packets do not
containtheL4information. Bydefault,ifanACEcontainsthefragmentflag,fragmented packetsexceptthefirstfragmentsarefiltered.
If an ACE does not contain the fragment flag, all fragmented packets (including the first fragments) are filtered. In addition to this
default fragmented packet matching mode, a new fragmented packet matching mode is provided. Youcan switch between the two
fragmented packet matching modes as required on a specified ACL. In the new fragmented packet matching mode, ifan ACE does
not contain the fragment flag and packets are fragmented, the first fragments are compared with all the matching fields (including L3
and L4 information) defined in the ACE, and other fragmented packets are compared with only the non-L4 information defined in the
ACE.
In the new fragmented packet matching mode, if an ACE does not contain the fragment flag and the action is Permit, this type
of ACE occupies more hardware entries. In an extreme case, this will reduce by half the number of hardware entries. If
Established is configured for filter the TCP flag in an ACE, more hardware entries will be occupied.
The ACL will be temporarily ineffective during switchover of the fragmented packet matching mode.
In the new fragmented packet matching mode, if an ACE does not contain the fragment flag, the L4 information of packets needs to
becompared, and theactionisPermit,theACEcheckstheL3 and L4informationof the firstfragmentsof packets,and checks
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onlythe L3information ofother fragmented packets.IftheactionisDeny, theACE checksonlythe firstfragmentsof packets,
and ignores other fragmented packets.
Inthenew fragmentedpacket matchingmode,ifan ACEcontainsthe fragment flag,theACEchecksonly fragmented packetsbut not
the first fragments of packets no matter whether the action in the ACE is Permit or Deny.
Onlythe IPextended ACLand theexpert extendedACL support switchingbetween thetwofragmented packetmatching modes.
Only switches support filtering of fragmented packets.
Related Configuration



Configuring an ACL

For details about how to configure an ACL, see the earlier descriptions about the IP ACL and expert extended ACL.



Adding ACEs to an ACL

FordetailsabouthowtoaddACEstoanACL, seetheearlierdescriptionsabout theIPACLandexpert extendedACL.Notethatthe
fragment option must be added.



Switching the Fragmented Packet Matching Mode

Run the[ no ]{ip|expert} access-list new-fragment-mode{ acl-id| acl-name } command inglobal configuration mode toswitchthe
fragmented packet matchingmode.



Applying an ACL

For details about how to apply an ACL, see the earlier descriptions about the IP ACL and expert extended ACL.

1.4 Limitations
On the N5860/N8560/NC8200 series products, the ACL applied to the inbound direction does not support "NEQ" matching on
layer-4 ports for TCP and UDP packets, and the ACL applied to the outbound direction supports only "EQ" matching on layer-4
ports for TCP and UDP packets.

IPv6 ACLs configured on the N5860/N8560/NC8200 series products support matching by the following fields: protocol, sip,
l4_src, dip, l4_dst, dscp, and flow_label. An IPv6 ACL supports matching only based on the following two field groups:



protocol, sip, l4_src, l4_dst, dscp, flow_label, range



protocol, dip, l4_src, l4_dst, dscp, flow_label, range



An ACL cannot use all the fields for matching. In addition, IPv6 ACLs do not support matching by fragment nor matching by
flow label in the outbound direction.



When only high-order 64 bits (the mask length is less than or equal to 64) need to be matched for the source IP address and
destination IP address, matching by the IPv6 5-tuple is supported.

On the N5860/N8560/NC8200 series products, security ACLs applied to an SVI are effective to both intra-VLAN packets forwarded
by bridges and inter-VLAN routing packets. As a result, users in the VLAN cannot perform communication.
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The N5860/N8560/NC8200 series products cannot identify the fragment flag field in IPv6 packets. If an IPv6 ACL contains the
fragment flag, the fragment flag is ignored during packet matching. This is equivalent to absence of the fragment flag in ACLs,
and matching is performed on all packets, including the first-fragment packets and non-first-fragment packets.

TheN5860/N8560/NC8200seriesproductssupport theswitchingofthefragment packetmatchingmode whenIPextendedACLs
or expert extended ACLs are applied.

On the N5860/N8560/NC8200 series products, ACL 80 supports only the following common fields: destination MAC address,
source MAC address, VID, ETYPE, IP protocol number, source IPv4 address, destination IPv4 address, destination port ID, source
port ID, ICMP type, and ICMP code.

1.5 Configuration
Configuration Item

Description and Command
(Optional) It is used to filter IPv4 packets.

Configuring an IP ACL

ip access-list standard

Configures a standard IP ACL.

ip access-list extended

Configures an extended IP ACL.

permit host any time-range log

Adds a permit ACE to a standard IP ACL.

deny host any time-range log

Adds a deny ACE to a standard IP ACL.

permit host any host any tos dscp precedence
fragment

fragment-ipid

fragment-ipid

Adds a permit ACE to an extended IP ACL.

time-range log
deny host any host any tos dscp precedence
fragment

fragment-ipid

fragment-ipid

Adds a deny ACE to an extended IP ACL.

time-range log
ip access-group in out
Configuring an MAC Extended
ACL

Applies a standard or an extended IP ACL.

(Optional) It is used to filter L2 packets.
mac access-list extended

Configures an MAC extended ACL.

permit any host any host cos inner time-range

Adds a permit ACE to an MAC extended ACL.

deny any host any host cos inner time-range Adds a deny ACE to an MAC extended ACL.
mac access-group in out
Configuring an Expert
Extended ACL

Applies an MAC extended ACL.

(Optional) It is used to filter L2 and L3 packets.
expert access-list extended

Configures an expert extended ACL.

permit cos inner VID inner host any host any
host any host any precedence tos fragment

Adds a permit ACE to an expert extended ACL.

fragment-ipid range time-range
denycosinnerVIDinnerhostanyhostany
host any host any precedence tos fragment

Adds a deny ACE to an expert extended ACL.

fragment-ipid range time-range
expert access-group in out
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Configuration Item

Description and Command

Configuring an IPv6 Extended

(Optional) It is used to filter IPv6 packets.

ACL

ipv6 access-list
permithost any host any rangedscpflow-label
fragment time-range log
deny host any host any range dscp flow-label
fragment time-rangelog
ipv6 traffic-filter in out
Configuring an ACL80

Configuring ACL Redirection

ACL

Adds a permit ACE to an IPv6 ACL.
Adds a deny ACE to an IPv6 ACL.
Applies an IPv6 ACL.

(Optional) It is used to customize the fields for filter L2 and L3 packets.
expert access-list advanced

Configures an expert advanced ACL.

permit

Adds a permit ACE to an expert advanced ACL.

deny

Adds a deny ACE to an expert advanced ACL.

expert access-group in out

Applies an expert advanced ACL

(Optional) It is used to redirect packets meeting the rules to a specified interface.
redirect destination interface acl in

Configuring a Global Security

Configures an IPv6 ACL.

Configures ACL redirection.

(Optional) It is used to make an ACL take effect globally.
ip access-group in out

Applies a global security ACL in global
configuration mode.
Configures an interface as the exclusive

no global ip access-group

interfaceoftheglobal securityACL ininterface
configuration mode.

Configuring a Security Channel

(Optional) It is used to enable packets meeting some characteristics to bypass the checks of
access control applications, such as the DOT1X and Web authentication.
security access-group
security global access-group

Enables the security channel in interface
configuration mode.
Enables the security channel in global
configuration mode.
Configures an interface as the exclusive

security uplink enable

interfaceof the global security channel in
interface configurationmode.

(Optional)ItisusedtoconfigurecommentsforanACLorACEsothatuserscaneasilyidentify
the functions of the ACL or ACE.
Configuring Comments for

list-remark

ACLs
access-list list-remark
remark
Global Forwarding Plane
Security ACL
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configuration mode.

(Optional) It is used to apply the ACL to only hardware packets.
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Configuration Item

Description and Command
ip access-group in forward-plane

Configures global forwarding plane security
ACL in global configuration mode.

1.5.1 Configuring an IP ACL

Configuration Effect
Configure and apply an IP ACL to an interface tocontrol all incomingand outgoing IPv4 packetsof this interface.Youcan permit or
deny the entry of specific IPv4 packets to a network to control access of IP users to network resources.
Notes
N/A
Configuration Steps



Configuring an IP ACL



(Mandatory) Configure an IP ACL if you want to control access of IPv4 users to network resources.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The IP ACL takes
effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an IP ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured,allincomingIPv4packetsofthedevicearedenied
by default.



Applying an IP ACL



(Mandatory) Apply an IP ACL to a specified interface if you want this ACL take effect.



Youcan apply an IP ACL on a specified interface of an access, an aggregate, or a core device based on the distribution of users.

Verification



Use the following methods to verify the configuration effects of the IP ACL:



Runtheping commandtoverifythat the IPACLtakeseffectonthe specifiedinterface.For example,ifan IPACLisconfigured to
prohibit a host witha specified IP address or hosts in a specified IP address range from accessing the network, run the ping
command to verify that the host(s) cannot be successfully pinged.



Access related network resources to verify that the IP ACL takes effect on the specified interface. For example, access the
Internet or access the FTP resources on the network through FTP.

Related Commands



Configuring an IP ACL

Command

ip access-list { standard | extended } {acl-name | acl-id }

Parameter

standard: Indicates that a standard IP ACL is created.

Description

extended: Indicates that an extended IP ACL is created.
acl-name:Indicatesthename of astandardor anextendedIPACL. Ifthisoption isconfigured, anamedACL is
created.Thename isastringof1to99characters.TheACLnamecannotstartwithnumbers(0–9),"in",or"out".
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acl-id:Indicatesthe IDthatuniquelyidentifiesastandard orextendedIPACL. If thisoption isconfigured,a numbered
ACL is created. If a standard IP ACL is created, the value range of acl-id is 1–99 and 1300–1999. If an extended IP ACL
is created, the value range of acl-id is 100–199 and 2000–2699.
Command

Global configuration mode

Mode
Usage Guide

Run this command to configure a standard or an extended IP ACL and enter standard or extended IP ACL
configurationmode. Ifyou want tocontrolaccessof userstonetworkresourcesbycheckingthesourceIPaddressof
eachpacket,configureastandardIPACL.Ifyouwanttocontrolaccessofuserstonetworkresourcesbycheckingthe
source or destination IP address, protocol number, and TCP/UDP source or destination port, configure an extended IP
ACL.



Adding ACEs to an IP ACL



Add ACEs to a standard IP ACL.

Use either of the following methods to add ACEs to a standard IP ACL:
Command

[ sn ] { permit | deny } {host source | any | source source-wildcard } [ time-range time-range-name ] [ log ]

Parameter

sn: Indicatesthesequencenumber of anACE.Thevalue rangesfrom1to2,147,483,647. Thissequencenumber

Description

determines thepriorityofthisACE intheACL. Asmallersequence number indicatesahigher priority.An ACEwitha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE,thesystemautomaticallyallocatesasequencenumber, whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrentACL. Forexample,ifthesequencenumberof thelastACEis100,
thesequencenumber of a newly-added ACEwillbe 110 by default.Youcanadjust the increment usinga command.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
any: Indicates that IP packets sent from any host are filtered.
sourcesource-wildcard:Indicates that IP packetssent fromhosts in the specified IP network segment are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
log: Indicates that logs will be periodically output if packets matching the ACEs are found. For details about logs, see
"ACL Logging" in this document.

Command

Standard IP ACL configuration mode

Mode
Usage Guide

Runthiscommandtoadd ACEs instandardIPACL configurationmode.The ACL can beanamed ornumbered ACL.

Command

access-listacl-id { permit | deny } {host source| any | sourcesource-wildcard} [ time-range tm-rng-name ] [ log ]

Parameter

acl-id: Indicates the ID of a numbered ACL. It uniquely identifies an ACL. The value range of acl-id is 100–199 and 1300–

Description

1999.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
any: Indicates that IP packets sent from any host are filtered.
sourcesource-wildcard:Indicates that IP packetssent fromhosts in the specified IP network segment are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
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this time range. For details about the time range, see the configuration manual of the time range.
log:Indicatesthat logswill beperiodicallyoutputifpacketsmatchingtheACEs arefound.For detailsabout logs,see
"ACL Logging" in this document.
Command

Standard IP ACL configuration mode

Mode
Usage Guide

Run this command to add ACEs to a numbered IP ACL in global configuration mode.It cannot be used toadd ACEs to
a named IP ACL.



Add ACEs to an extended IP ACL.

Use either of the following methods to add ACEs to an extended IP ACL:
Command

[ sn ] { permit | deny } protocol {host source | any | source source-wildcard } {host destination | any | destination
destination-wildcard } [ [ precedence precedence [ tos tos ] ] | dscp dscp] [ fragment ] [fragment-ipid fragment-ipid ]
[time-range time-range-name ] [ log ]

Parameter

sn: Indicatesthesequencenumber of anACE.Thevalue rangesfrom1to2,147,483,647. Thissequencenumber

Description

determines thepriorityofthisACE intheACL. Asmallersequence number indicatesahigher priority.An ACEwitha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE,thesystemautomaticallyallocatesasequencenumber, whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrentACL. Forexample,ifthesequencenumberof thelastACEis100,
thesequencenumber of a newly-added ACEwillbe 110 by default.Youcanadjust the increment usinga command.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol:IndicatestheIPprotocolnumber.The valuerangesfrom0to255.Tofacilitatetheuse,thesystemprovides
frequently-usedabbreviationstoreplacethespecificIPprotocolnumbers,includingeigrp,gre,icmp,igmp,ip,ipinip,
nos, ospf, tcp, and udp.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
source source-wildcard: Indicates that IP packets sent from hosts in the specified IP network segment are filtered.
hostdestination:IndicatesthatIPpacketssenttoahostwiththespecifieddestinationIPaddressarefiltered.Ifthe
any keyword is configured, IP packets sent to any host are filtered.
destinationdestination-wildcard:IndicatesthatIPpacketssenttohostsinaspecifiedIPnetworksegment arefiltered.
any: Indicates that IP packets sent to or from any host are filtered.
precedence precedence: Indicates that IP packets with the specified precedence field in the header are filtered.
tos tos: Indicates that IP packets with the specified the type of service (TOS) field in the header are filtered.
dscp dscp: Indicates that IP packets with the specified the dcsp field in the header are filtered.
ecn ecn: Indicates that IP packets with the specified ecn field in the header are filtered.
fragment: Indicates that only fragmented IP packets except the first fragments are filtered.
fragment-ipid fragment-ipid: Indicates that packets with the specified fragment ID field in the header are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
log: Indicates that logs will be periodically output if packets matching the ACEs are found. For details about logs, see
"ACL Logging" in this document.

Command

Extended IP ACL configuration mode

Mode
Usage Guide
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Command

access-listacl-id { permit | deny } protocol {host source| any | source source-wildcard} {host destination |any |
destinationdestination-wildcard } [ [ precedenceprecedence [ tostos ] ] | dscp dscp] [ fragment ] [fragment-ipid
fragment-ipid ] [ time-range time-range-name ] [ log ]

Parameter

acl-id: Indicates the ID of a numbered ACL. It uniquely identifies an ACL. The value range of acl-id is 100–199 and 2000–

Description

1999.
sn: Indicatesthesequencenumber ofanACE.The valuerangesfrom1to2,147,483,647.Thissequence number
determines thepriority of thisACE intheACL. Asmallersequence number indicatesa higher priority.AnACE witha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE, thesystemautomaticallyallocatesasequencenumber,whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrent ACL.Forexample,ifthesequencenumber ofthelastACEis100,
thesequencenumber of anewly-added ACEwillbe 110 by default.Youcan adjust theincrementusing acommand.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol: Indicatesthe IPprotocol number.The value ranges from0to255.Tofacilitatethe use, thesystemprovides
frequently-usedabbreviations toreplacethespecificIPprotocol numbers,includingeigrp, gre,icmp,igmp, ip, ipinip,
nos, ospf, tcp, and udp.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
source source-wildcard: Indicates that IP packets sent from hosts in the specified IP network segment are filtered.
hostdestination:IndicatesthatIPpacketssenttoahostwiththespecifieddestinationIPaddressarefiltered.Ifthe
any keyword is configured, IP packets sent to any host are filtered.
destinationdestination-wildcard:IndicatesthatIPpacketssenttohostsinaspecifiedIPnetworksegmentarefiltered.
any: Indicates that IP packets sent to or from any host are filtered.
precedence precedence: Indicates that IP packets with the specified precedence field in the header are filtered.
tos tos: Indicates that IP packets with the specified the type of service (TOS) field in the header are filtered.
dscp dscp: Indicates that IP packets with the specified the dcsp field in the header are filtered.
ecn ecn: Indicates that IP packets with the specified ecn field in the header are filtered.
fragment: Indicates that only fragmented IP packets except the first fragments are filtered.
fragment-ipid fragment-ipid: Indicates that packets with the specified fragment ID field in the header are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
log: Indicates that logs will be periodically output if packets matching the ACEs are found. For details about logs, see
"ACL Logging" in this document.

Command

Extended IP ACL configuration mode

Mode
Usage Guide

Run this command to add ACEs to a numbered IP ACL in extended IP ACL configuration mode.It cannot be used to
add ACEs to a named extended IP ACL.



Applying an IP ACL

Command

ip access-group { acl-id | acl-name } { in | out } [counter-only|forward-plane | priority]

Parameter

acl-id: Indicates that a numbered standard or extended IP ACL will be applied to the interface.

Description

acl-name:Indicatesthatanamedstandardor extendedIPACLwillbe appliedtothe interface.
in: Indicates that this ACL controls incoming IP packets of the interface.
out: Indicates that this ACL controls outgoing IP packets of the interface.
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counter-only: Indicates that the counter ACL is enabled.
forward-plane: Indicates that ACL is only applied to the forwarding plane.
priority: Sets the highest priority for the ACL on the forwarding plane of SVI interface.
Command

Interface configuration mode

Mode
Usage Guide

This command makes an IP ACL take effect on the incoming or outgoing packets of a specified interface.
The counter-only ACL only counts thenumber of matching packetsand does not filter packets. In addition, the count
only takes effect only to permit rules and does not take effect to deny rules in the ACL.

Configuration Example
The following configuration example describes only ACL-related configurations.



Configuring an IP ACL to Prohibit Departments Except the Financial Department from Accessing the Financial Data
Server

Scenario
Figure 1- 3

Configuration



Configure an IPACL.

Steps



Add ACEs to the IP ACL.



Apply the IP ACL to the outgoing direction of the interface connecting the financial data server.

SW1

sw1(config)#ip access-list standard 1
sw1(config-std-nacl)#permit 10.1.1.0 0.0.0.255
sw1(config-std-nacl)#deny 11.1.1.1 0.0.0.255
sw1(config-std-nacl)#exit
sw1(config)#int gigabitEthernet 0/3
sw1(config-if-GigabitEthernet 0/3)#ip access-group 1 out

Verification
SW1
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On a PC of the R&D department, ping the financial data server. Verify that the ping operation fails.



On a PC of the financial department, ping the financial data server. Verify that the ping operation succeeds.

sw1(config)#show access-lists
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ip access-list standard 1
10 permit 10.1.1.0 0.0.0.255
20 deny 11.1.1.0 0.0.0.255

sw1(config)#show access-group
ip access-group 1 out
Applied On interface GigabitEthernet 0/3

1.5.2 Configuring an MAC Extended ACL

Configuration Effect
Configure and applyan MACextendedACL toan interfacetocontrolall incomingand outgoing IPv4 packetsof thisinterface.Youcan
permit or deny the entry of specific L2 packets to a network to control access of users to network resources based on L2 packets.
Notes
N/A
Configuration Steps



Configuring an MAC Extended ACL



(Mandatory) Configure an MAC extended ACL if you want to control users' access to network resources based on the L2 packet
header, for example, the MAC address of each user's PC.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The MAC extended
ACL takes effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an MAC Extended ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured,allincomingL2Ethernetpacketsofthedeviceare
denied by default.



Applying an MAC extended ACL



(Mandatory) Apply an MAC extended ACL to a specified interface if you want this ACL take effect.



You can apply an MAC extended ACL on a specified interface of an access, an aggregate, or a core device based on the
distribution of users.

Verification



Use the following methods to verify the configuration effects of the MAC extended ACL:



Ifan MACextendedACL isconfigured topermitor deny some IPpackets,runthe ping commandtocheck whether ACEsof this
ACLtakeseffectonthespecifiedinterface.Forexample,anMACextendedACLisconfiguredtopreventadeviceinterfacefrom
receiving IP packets (Ethernet type is 0x0800), run the ping command for verification.
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IfanMACextendedACLisconfiguredtopermitordenysomenon-IPpackets(e.g.ARPpackets),alsorunthepingcommandto
check whether ACEs of this ACL takes effect on the specified interface. For example, to filter out ARP packets, run the ping
command for verification.



You can also construct L2 packets meeting some specified characteristics to check whether the MAC extended ACL takes effect.
Typically, prepare two PCs, construct and send L2 packets on one PC, enable packet capturing on another PC, and check
whether packets are forwarded as expected (forwarded or blocked) according to the action specified in the ACEs.

Related Commands



Configuring an MAC Extended ACL

Command

mac access-list extended {acl-name | acl-id }

Parameter

acl-name: Indicates the name of an MAC extended ACL. If this option is configured, a named ACL is created. The name

Description

is a string of 1 to 99 characters. The ACL name cannot start with numbers (0–9), "in", or "out".
acl-id: Indicatesthe ID that uniquely identifies an MAC extended ACL. If this option is configured, a numbered ACL is
created. The value range of acl-id is 700–799.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure an MAC extended ACL and enter MAC extended ACL configuration mode. You can
configurean MACextended ACLtocontrol users'accesstonetwork resourcesby checkingthe L2informationof
Ethernet packets.



Adding ACEs to an MAC Extended ACL

Use either of the following methods to add ACEs to an MAC extended ACL:



Add ACEs in MAC extended ACL configuration mode.

Command

[sn] { permit | deny } {any | host src-mac-addr} {any | host dst-mac-addr} [ethernet-type] [cos cos [inner cos]]
[ time-range tm-rng-name ]

Parameter

sn: Indicatesthesequencenumber ofanACE.The valuerangesfrom1to2,147,483,647.Thissequence number

Description

determines thepriority of thisACE intheACL. Asmallersequence number indicatesa higher priority.AnACE witha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE, thesystemautomaticallyallocatesasequencenumber,whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrent ACL.Forexample,ifthesequencenumber ofthelastACEis100,
thesequencenumber of anewly-added ACEwillbe 110 by default.Youcan adjust theincrementusing acommand.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
any: Indicates that L2 packets sent from any host are filtered.
host src-mac-addr: Indicates that IP packets sent froma host with the specified source MAC address are filtered.
any: Indicates that L2 packets sent to any host are filtered.
host dst-mac-addr: Indicates that IP packetssent to a host with the specified destination MAC address are filtered.
ethernet-type: Indicates that L2 packets of the specified Ethernet type are filtered.
cos cos: Indicates that L2 packets with the specified class of service (cos) field in the outer tag are filtered.
inner cos: Indicates that L2 packets with the specified cos field in the inner tag are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.

Command
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Mode
Usage Guide

Run this command to add ACEs in MAC extended ACL configuration mode.The ACL can be a named or numbered
ACL.



Add ACEs to an MAC extended ACL in global configuration mode.

Command

access-list acl-id { permit | deny } {any | host src-mac-addr} {any | host dst-mac-addr} [ethernet-type] [cos cos [inner
cos]] [ time-range tm-rng-name ]

Parameter

acl-id: Indicates the ID of a numbered ACL. It uniquely identifies an ACL. The value range of acl-id is 700–799.

Description

permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
host src-mac-addr: Indicates that IP packets sent froma host with the specified source MAC address are filtered.
hostsource: Indicates that IP packets sent from a host with the specified source MAC address are filtered.
any: Indicates that L2 packets sent to any host are filtered.
host dst-mac-addr: Indicates that IP packetssent to a host with the specified destination MAC address are filtered.
ethernet-type: Indicates that L2 packets of the specified Ethernet type are filtered.
cos cos: Indicates that L2 packets with the specified cos field in the outer tag are filtered.
inner cos: Indicates that L2 packets with the specified cos field in the inner tag are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.

Command

Global configuration mode

Mode
Usage Guide

Run this command to add ACEs to a numbered MAC extended ACL in global configuration mode. It cannot be used
to add ACEs to a named MAC extended ACL.



Applying an MAC Extended ACL

Command

mac access-group { acl-id | acl-name } { in | out }[ counter-only | priority ]

Parameter

acl-id: Indicatesthat anumbered MACextended IPACL willbe applied totheinterface.

Description

acl-name:IndicatesthatanamedMACextendedIPACLwillbeappliedtotheinterface.
in: Indicates that this ACL controls incoming L2 packets of the interface.
out: Indicates that this ACL controls outgoing L2 packets of the interface.
counter-only: Indicates that the counter ACL is enabled.
priority: Sets the highest priority for the ACL on the forwarding plane of SVI interface.

Command

Interface configuration mode

Mode
Usage Guide

ThiscommandmakesanMACextendedACLtakeeffectontheincomingoroutgoingpacketsofaspecifiedinterface.
The counter-only ACL only counts the number of matching packets and does not filter packets. In addition, the count
only takes effect only to permit rules and does not take effect to deny rules in the ACL.

Configuration Example
The following configuration example describes only ACL-related configurations.



Configuring an MAC Extended ACL to Restrict Resources Accessible by Visitors
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Scenario
Figure 1- 4

Configuration



Configure an MAC extended ACL.

Steps



Add ACEs to the MAC extended ACL.



Apply the MAC extended ACL to the outgoing direction of the interface connected to the visitor area so that
visitorsareallowed toaccess Internet and the public serverof thecompany, but prohibited fromaccessingthe
financial data server of the company. That is, visitors cannot access the server with the MAC address
00e0.f800.000d.

SW1

sw1(config)#mac access-list extended 700
sw1(config-mac-nacl)#deny any host 00e0.f800.000d
sw1(config-mac-nacl)#pemit any any
sw1(config-mac-nacl)#exit
sw1(config)#int gigabitEthernet 0/2
sw1(config-if-GigabitEthernet 0/2)#mac access-group 700 in

Verification



On a visitor's PC, ping the financial data server. Verify that the ping operation fails.



On a visitor's PC, ping the public resource server. Verify that the ping operation succeeds.



On a visitor's PC, access the Internet, for example, visit the Baidu website. Verify that the webpage can be
opened.

SW1

sw1(config)#show access-lists
mac access-list extended 700
10 deny any host 00e0.f800.000d etype-any
20 permit any any etype-any
sw1(config)#show access-group
mac access-group 700 in
Applied On interface GigabitEthernet 0/2
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1.5.3 Configuring an Expert Extended ACL

Configuration Effect
Configure and apply an expert extended ACL to an interface to control incoming and outgoing packets of the interface based on the
L2 and L3 information, and allow or prohibit the entry of specific packets to the network. In addition, you can configure an expert
extended ACL to control all L2 packets based on the VLAN to permit or deny the access of users in some network segments to
network resources. Generally, you can use an expert extended ACL if you want to incorporate ACEs of the IP ACL and MAC extended
ACL into one ACL.
Configuration Steps



Configuring an Expert Extended ACL



(Mandatory)ConfigureanexpertextendedACLifyouwanttocontrolusers'accesstonetworkresourcesbasedontheL2packet
header, for example, the VLAN ID.



YoucanconfigurethisACLonanaccess,anaggregate,oracoredevicebasedonthedistributionofusers.Theexpertextended
ACL takes effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an Expert Extended ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured,allincomingpacketsofthedevicearedeniedby
default.



Applying an Expert Extended ACL



(Mandatory) Apply an expert extended ACL to a specified interface if you want this ACL take effect.



Youcanapplyan expert extended ACLintheincoming oroutgoing directionof aspecified interfaceof an access,an aggregate,
or a core device based on the distribution of users.

Verification



Use the following methods to verify the configuration effects of the expert extended ACL:



IfIP-basedaccessrulesareconfiguredinanexpertextendedACLtopermitordenysomeIPpackets,runthepingcommandto
verify whether these rules take effect.



If MAC-based access rules are configured in an expert extended ACL to permit or deny some L2 packets (e.g. ARP packets), also
runthepingcommand tocheckwhetherACEsofthisACLtakeseffectonthespecifiedinterface.Forexample,tofilterout ARP
packets, run the ping command for verification.



IfVLAN ID-basedaccessrulesareconfiguredinanexpertextendedACLtopermitordenysomeL2packetsinsomenetwork
segments (e.g., to prevent communication between VLAN 1 users and VLAN 2 users), ping PCs of VLAN 2 on a PC of VLAN 1. If
the ping operation fails, the rules take effect.

Related Commands



Configuring an Expert Extended ACL

Command

expert access-list extended {acl-name | acl-id }

Parameter

acl-name: Indicates the name of an expert extended ACL. If this option is configured, a named ACL is created. The

Description

name is a string of 1 to 99 characters. The ACL name cannot start with numbers (0–9), "in", or "out".
acl-id: Indicates the IDof an expert extended ACL. If this option is configured, a numbered ACL is created.The value
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range of acl-id is 2700-2899.
Command

Global configuration mode

Mode
Usage Guide



Run this command to configure an expert extended ACL and enter expert extended ACL configuration mode.

Adding ACEs to an Expert Extended ACL

Use either of the following methods to add ACEs to an expert extended ACL:



Add ACEs in expert extended ACL configuration mode.

Command

[sn]{ permit|deny} [protocol|[ethernet-type] [cos[out][innerin]]][[VID[out][innerin]]]{sourcesource-wildcard|
hostsource | any}{host source-mac-address|any } {destination destination-wildcard | host destination | any} {host
destination-mac-address | any} [[precedence precedence][tostos] | [dscp dscp] [ecn ecn] ] [fragment] [fragment-ipid
fragment-ipid ] [range lowerupper] [[udf udf-id header pos value mask ] | [ int-flag-a ] [ int-flag-b ] ] [time-range
time-range-name]]

Parameter

sn: Indicatesthesequencenumber ofanACE.The valuerangesfrom1to2,147,483,647.Thissequence number

Description

determines thepriority of thisACE intheACL. Asmallersequence number indicatesa higher priority.AnACE witha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE, thesystemautomaticallyallocatesasequencenumber,whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrent ACL.Forexample,ifthesequencenumber ofthelastACEis100,
thesequencenumber of anewly-added ACEwillbe 110 by default.Youcan adjust theincrementusing acommand.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol:IndicatestheIPprotocolnumber.Thevaluerangesfrom0to255.Tofacilitatetheuse,thesystemprovides
frequently-usedabbreviationstoreplacethespecificIPprotocolnumbers,includingeigrp,gre,icmp,igmp,ip,ipinip,
nos, ospf, tcp, and udp.
ethernet-type: Indicates that L2 packets of the specified Ethernet type are filtered.
cos out: Indicates that L2 packets with the specified cos field in the outer tag are filtered.
cos inner in: Indicates that L2 packets with the specified cos field in the inner tag are filtered.
VID out: Indicates that L2 packets with the specified VLAN ID field in the outer tag are filtered.
VID inner in: Indicates that L2 packets with the specified VLAN ID field in the inner tag are filtered.
sourcesource-wildcard: Indicates that IP packets sent from hosts in the specified IP network segment are filtered.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
any: Indicates that IP packets sent from any host are filtered.
host source-mac-address: Indicates that IP packets sent from a host with the specified source MAC address are
filtered.
any: Indicates that L2 packets sent to any host are filtered.
destinationdestination-wildcard:IndicatesthatIPpacketssenttohostsinaspecifiedIPnetworksegmentarefiltered.
host destination: Indicates that IP packets sent to a host with the specified destination IP address are filtered.
any: Indicates that IP packets sent to any host are filtered.
host destination-mac-address: Indicates that IP packets sent to a host with the specified destination MAC address are
filtered.
any: Indicates that L2 packets sent to any host are filtered.
precedence precedence:Indicates that IP packets with the specified precedence field in the header are filtered.
tos tos: Indicates that IP packets with the specified the TOS field in the header are filtered.
dscp dscp: Indicates that IP packets with the specified the dcsp field in the header are filtered.
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ecn ecn: Indicates that IP packets with the specified ecn field in the header are filtered.
fragment: Indicates that only fragmented IP packets except the first fragments are filtered.
fragment-ipid fragment-ipid: Indicates that packets with the specified fragment ID field in the header are filtered.
udf udf-id header pos value mask: Indicates the customized fields.
int-flag: Indicates that the int flag field of the packets is filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
Command

Expert extended ACL configuration mode

Mode
Usage Guide

Run this command toadd ACEs in expert extended ACL configuration mode.The ACL can be anamed ornumbered
ACL.



Add ACEs to an expert extended ACL in global configuration mode.

Command

access-list acl-id{ permit |deny }[protocol| [ethernet-type][ cos[out] [inner in]]] [[VID [out][inner in]]] {source
source-wildcard | hostsource | any}{host source-mac-address|any } {destination destination-wildcard | hostdestination |
any} {host destination-mac-address | any} [[precedence precedence][tos tos] | [dscp dscp] [ecn ecn] ] [fragment]
[fragment-ipid fragment-ipid ] [range lowerupper] [[udf udf-id header pos value mask ] |[ int-flag-a ] [ int-flag-b ]]
[time-range time-range-name]]

Parameter

acl-id: Indicates the ID of a numbered ACL. It uniquely identifies an ACL. The value range of acl-id is 2700-2899.

Description

permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol:IndicatestheIPprotocolnumber.Thevaluerangesfrom0to255.Tofacilitatetheuse,thesystemprovides
frequently-usedabbreviationstoreplacethespecificIPprotocolnumbers,includingeigrp,gre,icmp,igmp,ip,ipinip,
nos, ospf, tcp, and udp.
ethernet-type: Indicates that L2 packets of the specified Ethernet type are filtered.
cos out: Indicates that L2 packets with the specified cos field in the outer tag are filtered.
cos inner in: Indicates that L2 packets with the specified cos field in the inner tag are filtered.
VID out: Indicates that L2 packets with the specified VLAN ID field in the outer tag are filtered.
VID inner in: Indicates that L2 packets with the specified VLAN ID field in the inner tag are filtered.
sourcesource-wildcard: Indicates that IP packets sent from hosts in the specified IP network segment are filtered.
host source: Indicates that IP packets sent from a host with the specified source IP address are filtered.
any: Indicates that IP packets sent from any host are filtered.
host source-mac-address: Indicates that IP packets sent from a host with the specified source MAC address are
filtered.
any: Indicates that L2 packets sent to any host are filtered.
destinationdestination-wildcard:IndicatesthatIPpacketssenttohostsinaspecifiedIPnetworksegmentarefiltered.
host destination: Indicates that IP packets sent to a host with the specified destination IP address are filtered.
any: Indicates that IP packets sent to any host are filtered.
host destination-mac-address: Indicates that IP packets sent to a host with the specified destination MAC address are
filtered.
any: Indicates that L2 packets sent to any host are filtered.
precedence precedence:Indicates that IP packets with the specified precedence field in the header are filtered.
tos tos: Indicates that IP packets with the specified theTOS field in the header are filtered.
dscpdscp:IndicatesthatIPpacketswiththespecifiedthedcspfieldintheheaderarefiltered.
ecn ecn: Indicates that IP packets with the specified ecn field in the header are filtered.
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fragment: Indicates that only fragmented IP packets except the first fragments are filtered.
fragment-ipid fragment-ipid: Indicates that packets with the specified fragment ID field in the header are filtered.
udf udf-id header pos value mask: Indicates the customized fields.
int-flag: Indicates that the int flag field of the packets is filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
Command

Global configuration mode

Mode
Usage Guide

Run this command to add ACEs to a numbered expert extended ACL in global configuration mode. It cannot be used
to add ACEs to a named expert extended ACL.



Add VXLAN inner 5-tuple ACEs in expert extended ACL mode.

Command

[sn]{permit|deny}vxlan protocol{sourcesource-wildcard|hostsource|any}{destinationdestination-wildcard|host
destination | any} [tagged] [udp-dport dport] [time-range time-range-name]]

Parameter

permit: Indicates that an ACE is a permit ACE.

Description

deny: Indicates that an ACE is a deny ACE.
protocol: Indicates the VXLAN inner IP protocol to be matched. The value range is [0, 255]. For the sake of convenience,
the system provides abbreviations for the frequently used IP protocols to replace the specific IP protocols, including
eigrp, gre, icmp, igmp, ip, ipinip, nos, ospf, tcp, and udp.
source source-wildcard: Indicates that VXLAN packets need to match the inner source IP network segment.
host source: Indicates that VXLAN packets need to match the inner source IP address of a host.
any: Indicates that VXLAN packets can match any inner source IP address.
tagged: Indicates that VXLAN packets need to match the inner tag field. VXLAN packets do not need to match the tag
field by default.
udp-dport dport: Indicates that VXLAN packets need to matchthe destination port ID. If this parameter is not set,VXLAN
packets need to match the default destination port ID, that is, 4798.
time-rangetime-range-name:Indicatesthat theACEisassociatedwithatimerange.ThisACEtakeseffectonlywithinthe
specified time range. For more details about the time range, see the time range configuration manual.

Command

Expert extended ACL list mode

Mode
Usage Guide

Thiscommand isused toconfigureACEs ofVXLAN packetsinan ACL inexpert ACLmode.ThisACL canbe anamed ACL
or numbered ACL.



Applying an Expert Extended ACL

Command

expert access-group { acl-id | acl-name } { in | out }[ counter-only | forward-plane | priority ]

Parameter

acl-id: Indicates that a numbered expert extended ACL will be applied to the interface.

Description

acl-name:Indicatesthat anamedexpert extendedACLwillbe applied totheinterface.
in: Indicates that this ACL controls incoming L2 packets of the interface.
out: Indicates that this ACL controls outgoing L2 packets of the interface.
counter-only: Indicates that the counter ACL is enabled.
forward-plane: Indicates that ACL is only applied to the forwarding plane.
priority: Sets the highest priority for the ACL on the forwarding plane of SVI interface.
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Command

Interface configuration mode

Mode
Usage Guide

Thiscommand makesan expertextendedACL takeeffecton theincomingor outgoingpacketsofa specified
interface.
The counter-only ACL only counts the number of matching packets and does not filter packets. In addition, the count
only takes effect only to permit rules and does not take effect to deny rules in the ACL.

Configuration Example
The following configuration example describes only ACL-related configurations.



Configuring an Expert Extended ACL to Restrict Resources Accessible by Visitors (It is required that visitors and
employees cannot communicate with each other, visitors can access the public resource server but not the financial
data server of the company.)

Scenario
Figure 1- 5

Configuration



Configure an expert extended ACL.

Steps



Add an ACE to deny packets sent from PCs in the visitor area (VLAN 3) to employee PCs in VLAN 2.



Add an ACE to prevent visitors from accessing the financial data server of the company.



Add an ACE to permit all packets.



Apply the ACL to the incoming direction of the interface of the switch that connects to the visitor area.

SW1

sw1(config)#expert access-list extended 2700
sw1(config-exp-nacl)#deny ip any any 192.168.1.0 0.0.0.255 any
sw1(config-exp-nacl)#deny ip any any host 10.1.1.1 any
sw1(config-exp-nacl)#pemit any any any any
sw1(config-exp-nacl)#exit
sw1(config)#int gigabitEthernet 0/2
sw1(config-if-GigabitEthernet 0/2)#expert access-group 2700 in
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Verification



On a visitor's PC, ping the financial data server. Verify that the ping operation fails.



On a visitor's PC, ping the public resource server. Verify that the ping operation succeeds.



On a visitor's PC, ping the gateway address 192.168.1.1 of an employee. Verify that the ping operation fails.



On a visitor's PC, access the Internet, for example, visit the Baidu website. Verify that the webpage can be
opened.

SW1

sw1(config)#show access-lists
expert access-list extended 2700
10 deny ip any any 192.168.1.0 0.0.0.255 any
20 deny ip any any host 10.1.1.1 any
30 permit ip any any any any

sw1(config)#show access-group
expert access-group 2700 in
Applied On interface GigabitEthernet 0/2

1.5.4 Configuring an IPv6 Extended ACL

Configuration Effect
Configure and apply an IPv6 ACL toan interface tocontrol all incoming and outgoing IPv5 packetsof this interface.Youcan permit or
deny the entry of specific IPv6 packets to a network to control access of IPv6 users to network resources.
Configuration Steps



Configuring an IPv6 ACL



(Mandatory) Configure an IP ACL if you want to access of IPv4 users to network resources.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The IPv6 ACL takes
effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an IPv6ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured,allincomingIPv6packetsofthedevicearedenied
by default.



Applying an IPv6 ACL



(Mandatory) Apply an IPv6 ACL to a specified interface on a device if you want this ACL take effect.



YoucanapplyanIPv6ACLonaspecifiedinterfaceofanaccess,anaggregate,oracoredevicebasedonthedistributionof
users.

Verification



Use the following methods to verify the configuration effects of the IPv6 ACL:
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Run the ping command to verify that the IPv6 ACL takes effect on the specified interface. For example, if an IPv6 ACL is
configuredtoprohibitahostwithaspecifiedIPaddressor hostsinaspecifiedIPv6addressrangefromaccessingthenetwork,
run the ping command to verify that the host(s) cannot be successfully pinged.



Access network resources, for example, visit an IPv6 website, to check whether the IPv6 ACL takes effect on the specified
interface.

Related Commands



Configuring an IPv6 ACL

Command

ipv6 access-list acl-name

Parameter

acl-name:IndicatesthenameofastandardoranextendedIPACL.Thename isastringof1to99characters.The ACL

Description

name cannot start with numbers (0–9), "in", or "out".

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure an IPv6 ACL and enter IPv6 configuration mode.



Adding ACEs to an IPv6 ACL



To filter TCP or UDP packets, add ACEs to an IPv6 ACL as follows:

Command

[sn] {permit | deny } protocol {src-ipv6-prefix/prefix-len | host src-ipv6-addr | any} {dst-ipv6-pfix/pfix-len | host
dst-ipv6-addr | any} [op dstport | range lower upper ] [dscp dscp] [flow-label flow-label] [fragment]
[time-rangetm-rng-name][log]

Parameter

sn: Indicatesthesequencenumber of anACE.Thevalue rangesfrom1to2,147,483,647. Thissequencenumber

Description

determines thepriorityofthisACE intheACL. Asmallersequence number indicatesahigher priority.An ACEwitha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE,thesystemautomaticallyallocatesasequencenumber, whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrentACL. Forexample,ifthesequencenumberof thelastACEis100,
thesequencenumber of a newly-added ACEwillbe 110 by default.Youcanadjust the increment usinga command.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol:IndicatestheIPv6protocolnumber.Thevaluerangesfrom0to255.Tofacilitatetheuse,thesystem
provides frequently-used abbreviations of IPv6 protocol numbers to replace the specific IP protocol numbers,
including icmp, ipv6, tcp, and udp.
src-ipv6-prefix/prefix-len: Indicates that IP packets sent from hosts in the specified IPv6 network segment are filtered.
host src-ipv6-addr: Indicates thatIPv6 packetssent froma host withthe specifiedsourceIP addressare filtered.
any: Indicates that IPv6 packets sent from any host are filtered.
dst-ipv6-pfix/pfix-len: Indicates that IPv6 packets sent from hosts in the specified IPv6 network segment are filtered.
hostdst-ipv6-addr:IndicatesthatIPv6packetssenttoahostwiththespecifieddestinationIPaddressarefiltered.
any: Indicates that IPv6 packets sent to any host are filtered.
opdstport: Indicates thatTCP or UDP packetsare filtered based on the L4 destination port number.The value of the
op parameter can be eq (equal to), neq (not equal to), gt (greater than), or lt (smaller than).
rangelowerupper:IndicatesthatTCPorUDPpacketswiththeL4destinationport numberinthespecifiedrangeare
filtered.
dscp dscp: Indicates that IPv6 packets with the specified the dcsp field in the header are filtered.
flow-label flow-label: Indicates that IPv6 packets with the specified the flow label field in the header are filtered.
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fragment: Indicates that only fragmented IPv6 packets except the first fragments are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
log: Indicates that logs will be periodically output if packets matching the ACEs are found. For details about logs, see
"ACL Logging" in this document.
Command

IPv6 ACL configuration mode

Mode
Usage Guide



Run this command to add ACEs in IPv6 ACL configuration mode.

To filter IPv6 packets except for the TCP or UDP packets, add ACEs to an IPv6 ACL as follows:

Command

[ sn ] { permit | deny } protocol { src-ipv6-prefix/prefix-len | host src-ipv6-addr | any } { dst-ipv6-pfix/pfix-len | host
dst-ipv6-addr | any } [ dscp dscp ] [ flow-label flow-label ] [ fragment ] [ time-rangetm-rng-name ] [ log ]

Parameter

sn: Indicatesthesequencenumber ofanACE.The valuerangesfrom1to2,147,483,647.Thissequence number

Description

determines thepriority of thisACE intheACL. Asmallersequence number indicatesa higher priority.AnACE witha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE, thesystemautomaticallyallocatesasequencenumber,whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrent ACL.Forexample,ifthesequencenumber ofthelastACEis100,
thesequencenumber of anewly-added ACEwillbe 110 by default.Youcan adjust theincrementusing acommand.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
protocol:IndicatestheIPv6protocolnumber.Thevaluerangesfrom0to255.Tofacilitatetheuse,thesystem
provides frequently-used abbreviations of IPv6 protocol numbers to replace the specific IP protocol numbers,
including icmp, ipv6, tcp, and udp.
src-ipv6-prefix/prefix-len: Indicates that IP packets sent from hosts in the specified IPv6 network segment are filtered.
host src-ipv6-addr: Indicates that IPv6packetssent from ahost withthespecified sourceIPaddressare filtered.
any: Indicates that IPv6 packets sent from any host are filtered.
dst-ipv6-pfix/pfix-len: Indicates that IPv6 packets sent from hosts in the specified IPv6 network segment are filtered.
hostdst-ipv6-addr:IndicatesthatIPv6packetssenttoahostwiththespecifieddestinationIPaddressarefiltered.
any: Indicates that IPv6 packets sent to any host are filtered.
dscp dscp: Indicates that IPv6 packets with the specified the dcsp field in the header are filtered.
flow-label flow-label: Indicates that IPv6 packets with the specified the flow label field in the header are filtered.
fragment: Indicates that only fragmented IPv6 packets except the first fragments are filtered.
time-range time-range-name: Indicates that this ACE is associated with a time range. The ACE takes effect only within
this time range. For details about the time range, see the configuration manual of the time range.
log: Indicates that logs will be periodically output if packets matching the ACEs are found. For details about logs, see
"ACL Logging" in this document.

Command

IPv6 ACL configuration mode

Mode
Usage Guide



Run this command to add ACEs in IPv6 ACL configuration mode.

Applying an IPv6 ACL

Command

ipv6 traffic-filter acl-name { in | out }[ counter-only | forward-plane | priority ]

Parameter

acl-name: Indicates the name of an IPv6 ACL.

Description

in: Indicates that this ACL controls incoming IPv6 packets of the interface.
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out: Indicates that this ACL controls outgoing IPv6 packets of the interface.
forward-plane:IndicatesthatACLisonlyappliedtotheforwardingplane.
priority: Sets the highest priority for the ACL on the forwarding plane of SVI interface.
Command

Interface configuration mode

Mode
Usage Guide

This command makes an IPv6 ACL take effect on the incoming or outgoing packets of the specified interface.

Configuration Example



Configuring an IPv6 ACL to Prohibit the R&D Department from Accessing the Video Server

Scenario
Figure 1- 6

Configuration



Configure an IPv6 ACL.

Steps



Add an ACE to the IPv6 ACL to prevent access to the video server.



Add an ACE to the IPv6 ACL to permit all IPv6 packets.



Apply the IPv6 ACL to the incoming direction of the interface connected to the R&D department.

SW1

sw1(config)#ipv6 access-list dev_deny_ipv6video
sw1(config-ipv6-nacl)#deny ipv6 any host 200::1
sw1(config-ipv6-nacl)#permit ipv6 any any
sw1(config-ipv6-nacl)#exit
sw1(config)#int gigabitEthernet 0/2
sw1(config-if-GigabitEthernet 0/2)# ipv6 traffic-filter dev_deny_ipv6video in

Verification



SW1

sw1(config)#show access-lists

On a PC of the R&D department, ping the video server. Verify that the ping operation fails.

ipv6 access-list dev_deny_ipv6video
10 deny ipv6 any host 200::1
20 permit ipv6 any any
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sw1(config)#show access-group
ipv6 traffic-filter dev_deny_ipv6video in
Applied On interfaceGigabitEthernet 0/2

1.5.5 Configuring an ACL80

Configuration Effect
When the IP ACL, MAC extended ACL, expert extended ACL, and IPv6 ACL with fixed matching fields cannot meet requirements,
configure the ACL80 to customize the packet fields that need to be matched.
Configuration Steps



Configuring an Expert Advanced ACL



(Mandatory) Configure an expert advanced ACLif you want to implement the ACL80 function. For details about how to
configure the expert advanced ACL, see the related descriptions.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The expert advanced
ACL takes effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an Expert Advanced ACL



(Mandatory) Add ACEs to an expert advanced ACL to customize matching fields. If no ACE is added to the expert advanced ACL,
thedeny ACEs willdrop allpackets by default.Fordetails about how toadd an ACEtoan expert advanced ACL, seethe related
descriptions.



Applying an Expert Advanced ACL



(Mandatory) Apply an expert advanced ACL to a specified interface if you want this ACL take effect.



YoucanapplyanexpertadvancedACLonaspecifiedinterfaceofanaccess,anaggregate,oracoredevicebasedonthe
distribution of users.

Verification



Use the following methods to verify the configuration effects of the expert advanced ACL:



Runtheping commandtocheckwhetherthe configurations takeeffect.



Construct packets matching the ACEs to check whether ACEs take effect.

Related Commands



Configuring an Expert Advanced ACL

Command

expert access-list advanced acl-name

Parameter

acl-name: Indicates the name of an expert advanced ACL. The name is a string of 1 to 99 characters. The ACL name

Description
Command

cannot start with numbers (0–9), "in", or "out".
Global configuration mode

Mode
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Usage Guide



Run this command to configure an expert advanced ACL and enter expert advanced ACL configuration mode.

Adding ACEs to an Expert Advanced ACL

Command

[sn] { permit | deny } hex hex-mask offset

Parameter

sn: Indicatesthesequencenumber ofanACE.The valuerangesfrom1to2,147,483,647.Thissequence number

Description

determines thepriority of thisACE intheACL. Asmallersequence number indicatesa higher priority.AnACE witha
higher priority will be preferentially used to match packets. If you do not specify the sequence number when adding
anACE, thesystemautomaticallyallocatesasequencenumber,whichisequal toanincrement(10bydefault)plus
thesequencenumberofthelastACEinthecurrent ACL.Forexample,ifthesequencenumber ofthelastACEis100,
thesequencenumber of anewly-added ACEwillbe 110 by default.Youcan adjust theincrementusing acommand.
permit: Indicates that the ACE is a permit ACE.
deny: Indicates that the ACE is a deny ACE.
hex: Indicates the customized matching rule expressed in hexadecimal format, for example, 00d0f800.
hex-mask: Indicates the matching mask.
offset:Indicatesthestartpositionof matching.Forexample, ifthematchingcontentis00d0f800, thematchingmask
is 00ff0000, and start position is 6, the destination MAC address of each packet is compared. All packets whose
second byte of the destination MAC address is d0 match this ACE.

Command

Expert advanced ACL configuration mode

Mode
Usage Guide



Run this command to add ACEs in expert advanced ACL configuration mode.

Applying an Expert Advanced ACL

Command

expert access-group acl-n { in | out } [ [ forward-plane ] | [ priority ] ]

Parameter

acl-id: Indicates that a numbered expert advanced ACL will be applied to the interface.

Description

acl-name:Indicatesthatanamedexpert advancedACLwillbeappliedtotheinterface.
in: Indicates that this ACL controls incoming L2 packets of the interface.
out: Indicates that this ACL controls outgoing L2 packets of the interface.
forward-plane: Indicates that ACL is only applied to the forwarding plane.
priority: Sets the highest priority for the ACL on the forwarding plane of SVI interface.

Command

Interface configuration mode

Mode
Usage Guide

This command makes an expert advanced ACL take effect on the incoming or outgoing packets of a specified
interface.

Configuration Example
The following configuration example describes only ACL-related configurations.



Configuring an ACL80 to Restrict Resources Accessible by Visitors (It is required that visitors and employees cannot
communicate with each other, visitors can access the public resource server but not the financial data server of the
company.)
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Scenario
Figure 1- 7

Configuration



Configure an expert advanced ACL.

Steps



Add an ACE to deny packets sent from PCs in the visitor area (VLAN 3) to employee PCs in VLAN 2.



Add an ACE to prevent visitors from accessing the financial data server of the company.



Add an ACE to permit all packets.



Apply the ACL to the incoming direction of the interface of the switch that connects to the visitor area.

SW1

sw1(config)#expertaccess-listadvanced acl80-guest
sw1(config-exp-dacl)#deny C0A801 FFFFFF 42
sw1(config-exp-dacl)#deny 0A010101 FFFFFFFF 42
sw1(config-exp-dacl)#permit 0806 FFFF 24
sw1(config-exp-dacl)#permit0800 FFFF 24
sw1(config-exp-dacl)#exit
sw1(config)#int gigabitEthernet 0/2
sw1(config-if-GigabitEthernet 0/2)#expert access-group acl80-guest in

Verification



On a visitor's PC, ping the financial data server. Verify that the ping operation fails.



On a visitor's PC, ping the public resource server. Verify that the ping operation succeeds.



On a visitor's PC, ping the gateway address 192.168.1.1 of an employee. Verify that the ping operation fails.



On a visitor's PC, access the Internet, for example, visit the Baidu website. Verify that the webpage can be
opened.

SW1

sw1(config)#show access-lists
expert access-list advanced sss
10 deny C0A801 FFFFFF 42
20 deny 0A010101 FFFFFFFF 42
30 permit 0806 FFFF 24
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40 permit 0800 FFFF 24

expert access-group acl80-guest in
Applied On interface GigabitEthernet 0/2

1.5.6 ConfiguringACLRedirection

Configuration Effect
Configure theACLredirection functionon aspecifiedinterfacetodirectly redirectspecified packetson theinterfaceor all interfaces
to a specified port for further forwarding.
Configuration Steps



Configuring an ACL



(Mandatory) To implement ACL redirection, you must first configure an ACL, for example, an IP, MAC extended, or expert
extended ACL. For details about how to configure an ACL, see the related descriptions.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The IPv6 ACL takes
effect only on the local device, and does not affect other devices on the network.



Adding ACEs to an ACL



(Optional) An ACL may contain zero or multiple ACEs. If no ACE is configured, the ACL redirection function is not available. For
details about how to add an ACE to an ACL, see the related descriptions.



Configuring ACLRedirection



(Mandatory) Enable ACL redirection on a specified interface if you want to implement ACL redirection.



YoucanconfiguretheACLredirectionfunctiononaspecifiedinterfaceofanaccess,anaggregate,oracoredevicebasedonthe
distribution of users.

Verification
SendpacketsmatchingACEsontheport whereACLredirectionisenabled,and thenusethepacket capturingsoftwareonthe
destination port to check whether the ACL redirection function takes effect.
Related Commands



Configuring an ACL

For details about how to configure an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL, or
IPv6 ACL.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL,
or IPv6 ACL.



Configuring ACL Redirection on Interface
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Command
Parameter
Description

redirect destination interface interface-name acl {acl-id | acl-name } in
interface interface-name: Indicates the name of the destination port for redirection.
acl-id: Indicates the ID of an ACL.
acl-name: Indicates the name of an ACL.
in: Indicates that incoming packets of the interface are redirected.

Command

Interface configuration mode

Mode
Usage Guide

Run this command to redirect incoming packets of the interface that match ACEs to the destination port for further
forwarding.

Configuration Example
The following configuration example describes only ACL-related configurations.



Enabling ACL Redirection to Redirect Packets Sent from the Host 10.1.1.1 to the Packet Capturing Device for Analysis

Scenario
Figure 1- 8

Configuration



Configures an IP ACL.

Steps



Add an ACE to the IP ACL to permit packets sent from the host 10.1.1.1.



Enable ACL redirection on the port GI 0/1, and set the destination port to Gi 0/2.

SW1

sw1(config)#ip access-list standard 1
sw1 (config-std-nacl)#permit host 10.1.1.1
sw1(config-std-nacl)#exit
sw1(config)#int gigabitEthernet 0/1
sw1(config-if-GigabitEthernet 0/1)# redirect destination interface gigabitEthernet 0/2 acl 1

Verification



CapturepacketsonPC2.Ping thevideo server onPC1.Verifythat ICMPrequestssentfromPC1arecaptured
on PC 2.

SW1

sw1#show access-lists
ip access-list standard 1
10 permit host 10.1.1.1
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sw1#show redirect interface gigabitEthernet 0/1
aclredirectconfigurationon interfacegigabitEthernet 0/1
redirect destination interface gigabitEthernet 0/2 acl 1 in

1.5.7 Configuring a Global Security ACL

Configuration Effect
ConfigureaglobalsecurityACLtoprevent internal PCsofacompanyfromaccessingillegalwebsitesorpreventvirusfromattacking
the company's internal network. You can also configure exclusive interfaces to allow specified departments of the company to access
external websites.
Configuration Steps



Configuring an ACL



(Mandatory) Configure an IP ACL if you want to protect the internal network globally. Fordetails about the configuration
method, see the earlier descriptions about the ACL.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The configurations
take effect only on the local device, and do not affect other devices on the network.



Adding ACEs to an ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured,itisequivalentthattheglobalsecurityACLdoes
not exist. For details about how to add an ACE to an ACL, see the related descriptions.



Configuring a Global Security ACL



(Mandatory) Enable the global security function if you want to make the global security ACL take effect.



You can configure a global security ACL on an access, an aggregate, or a core device based on the distribution of users.

Verification
On the internal network protected by the global security ACL, ping the website or device that are denied by ACEs to check whether
the global security ACL takes effect.
Related Commands



Configuring an ACL

For details about the configuration method, see the earlier descriptions about the ACL.



Adding ACEs to an ACL

For details about the configuration method, see the earlier descriptions about the ACL.



Configuring a Global Security ACL

Command

{ ip | mac | expert } access-group acl-id { in | out }

Parameter

acl-id: Indicates the ID of an IP ACL.

Description
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out: Filters the outgoing packets of the device.
Command

Global configuration mode

Mode
Usage Guide



Run this command to enable the global security ACL so that the ACL takes effect on all L2 interfaces of the device.

Configuring an Exclusive Interface of the Global Security ACL

Command

no global ip access-group

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Run this command to invalidate a global security ACL on a specified interface.

Configuration Example
The following configuration example describes only ACL-related configurations.



Configuring a Global Security ACL to Prevent the R&D Department From Accessing the Server of the Sales Department
but Allow the Sales Department to Access This Server

Scenario
Figure 1- 9

Configuration



Configure an extended IP ACL "ip_ext_deny_dst_sale_server".

Steps



Add the ACE that prevents the device to forward packets to the destination host 10.1.1.3/24.



Configure the ACL "ip_ext_deny_dst_sale_server" as a global security ACL.



Configuretheinterfacedirectlyconnected tothe sales department as theexclusiveinterfaceof the global
security ACL.

SW1

sw1(config)#ip access-list extended ip_ext_deny_dst_sale_server
sw1(config-ext-nacl)# deny ip any host 10.1.1.3
sw1(config-ext-nacl)#exit
sw1(config)#ip access-group ip_ext_deny_dst_sale_server in
sw1(config)#int gigabitEthernet 0/1
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sw1(config-if-GigabitEthernet 0/1)# no global ip access-group

Verification



On a PC of the salesdepartment, ping the server of the sales department.Verifythat the ping operation
succeeds.



On the PCs of R&D department 1 and R&D department 2, ping the server of the sales department. Verify that
the ping operations fail.

sw1#show access-lists
ipaccess-list extendedip_ext_deny_dst_sale_server
10 deny ip any host 10.1.1.3
sw1#show running
……
!
ip access-group ip_ext_deny_dst_sale_server in
!
!
!
!
!
!
!
!
interface GigabitEthernet 0/1
no global ip access-group
!
……

1.5.8 Configuring a Security Channel

Configuration Effect
Configure a security channel to enable packets meeting the security channel rules to bypass the checks of access control applications.
Configurethesecuritychannel ifanaccesscontrolapplication(suchasDOT1X)isenabledonanuplinkinterfaceofauser,buttheuser
should be allowed to log in to a website todownload some resources (forexample, downloading the FS SU client) before the DOT1X
authentication.
Configuration Steps



Configuring an ACL



(Mandatory)ConfigureanACLbeforeconfiguringthesecuritychannel.Fordetailsabout theconfigurationmethod,seethe
earlier descriptions.
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You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The configurations
take effect only on the local device, and do not affect other devices on the network.



Adding ACEs to an ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfiguredforanACL,itisequivalentthatthesecuritychannel
does not take effect. For details about how to add an ACE to an ACL, see the related descriptions.



Configuring a Security Channel on a Specified Interface or Globally



Configure a security channel on an interfaceif you want thissecuritychannel takeeffect on the interface.Configure a global
securitychannel ifyou wantthissecuritychanneltakeeffectglobally.Youmustconfigureeithertheinterface-basedsecurity
channel or the global security channel.



You can configure a security channel on an access, an aggregate, or a core device based on the distribution of users.



Configuring an Exclusive Interface for the Global Security Channel



(Optional) Configure an interfaceas the exclusive interfacefor the global security channel if you do not want the global security
channel to take effect on this interface.



Configuring an Access Control Application



(Optional) You can enable the DOT1X or Web authentication function to verify the security channel function.



Youcan configure the access control function on an access, an aggregate, or a core device based on the distribution of users.

Verification
Ona PCthatissubjecttothe controlof an accesscontrolapplication, pingtheresources(devicesor servers)that areallowed to
bypass the check of the access control application to verify the configuration of the security channel.
Related Commands



Configuring an ACL

For details about how to configure an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL, or
IPv6 ACL.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL,
or IPv6 ACL.



Configuring a Security Channel on an Interface

Command
Parameter
Description
Command

security access-group {acl-id | acl-name }
acl-id: Indicates that ID of the ACL that is configured as the security channel.
acl-name: Indicates that name of the ACL that is configured as the security channel.
Interface configuration mode

Mode
Usage Guide



Run this command to configure a specified ACL as the security channel on the specified interface.

Configuring a Global Security Channel
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Command

security global access-group {acl-id | acl-name }

Parameter

acl-id: Indicates that ID of the ACL that is configured as the security channel.

Description
Command

acl-name: Indicates that name of the ACL that is configured as the security channel.
Global configuration mode

Mode
Usage Guide



Run this command to configure the specified ACL as the global security channel.

Configuring an Exclusive Interface for the Global Security Channel

Command

security uplink enable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide

Run this command to configure the specified interface as the exclusive interface of the global security channel.

Configuration Example
The following configuration example describes only ACL-related configurations.



Enabling DOT1X Authentication and Configuring a Security Channel to Allow Users to Download the SU Software From
the Server Before Authentication

Scenario
Figure 1- 10

Configuration



Configure an expert extended ACL "exp_ext_esc".

Steps



Add an ACE to allow forwarding packets to the destination host 10.1.1.2.



Add an ACE to permit the DHCP packets.



Add an ACE to permit the ARP packets.



On the interface where DOT1X authentication is enabled, configure the ACL "exp_ext_esc" as the security
channel.

SW1

sw1(config)#expert access-list extended exp_ext_esc
sw1(config-exp-nacl)# permit ip any any host 10.1.1.2 any
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sw1(config-exp-nacl)# permit 0x0806 any any any any any
sw1(config-exp-nacl)# permit tcp any any any any eq 67
sw1(config-exp-nacl)# permit tcp any any any any eq 68
sw1(config)#int gigabitEthernet 0/1
sw1(config-if-GigabitEthernet 0/1)# security access-group exp_ext_esc

Verification



On a PC of the salesdepartment, ping the server of the sales department.Verifythat the ping operation
succeeds.



On the PCs of R&D department 1 and R&D department 2, ping the server of the sales department. Verify that
the ping operations fail.

sw1#show access-lists
expert access-list extended exp_ext_esc
10 permit ip any any host 10.1.1.2 any
20 permit arp any any any any any
30 permit tcp any any any any eq 67
40 permit tcp any any any any eq 68……

sw1#show running-config interface gigabitEthernet 0/1

Building configuration...
Currentconfiguration:59bytes

interface GigabitEthernet 0/1
security access-group exp_ext_esc

1.5.9 ConfiguringtheTimeRange-BasedACEs

Configuration Effect
Configure thetimerange-based ACEs ifyou want some ACEs totakeeffect or tobecome invalid inaspecified period of time,for
example, in some time ranges during a week.
Configuration Steps



Configuring an ACL



(Mandatory) ConfigureanACLifyouwant ACEstotakeeffectinthespecifiedtimerange.For detailsabout theconfiguration
method, see the earlier descriptions.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The configurations
take effect only on the local device, and do not affect other devices on the network.
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Adding an ACE with the Time Range Specified



(Mandatory) Specify thetimerange when addingan ACE. Fordetailsabout howtoconfigure the timerange, seethe
configuration manual related to the time range.



Applying an ACL



(Mandatory) Apply the ACL to a specified interface if you want to make ACEs take effect in the specified time range.



Youcan apply an IP ACL on a specified interface of an access, an aggregate, or a core device based on the distribution of users.

Verification
In the time range that the configured ACE takeseffect or becomes invalid, run the ping command or construct packets matching the
ACE to check whether the ACE takes effect or becomes invalid.
Related Commands



Configuring an ACL

For details about the ACL configuration commands, see the earlier descriptions about the IP ACL, MAC extended ACL, expert
extended ACL, or IPv6 ACL.



Adding an ACE with the Time Range Specified

For details about the ACE configuration commands, see the earlier descriptions about the IP ACL, MAC extended ACL, expert
extended ACL, or IPv6 ACL.



Applying an ACL

For details about the command for applying an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert
extended ACL, or IPv6 ACL.
Configuration Example
The following configuration example describes only ACL-related configurations.



Adding an ACE With the Time Range Specified to Allow the R&D Department to Access the Internet Between 12:00 and
13:30 Every Day

Scenario
Figure 1- 11
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Configuration



Configureatimerangenamed"access-internet",andaddanentryofthetimerangebetween12:00and13:30
every day.

Steps



Configure an IP ACL "ip_std_internet_acl".



Add an ACE to allow packets with the source IP address in the network segment 10.1.1.0/24, and associate this
ACE with the time zone "access-internet".



Add an ACE to deny packets with the source IP address the network segment 10.1.1.0/24. Access to the Internet
is not allowed except in the specified time range.

SW1



Add an ACE to permit all packets.



Apply the ACL to the outgoing direction of the interface connected to the breakout gateway.

FS(config)# time-range access-internet
FS(config-time-range)# periodic daily 12:00 to 13:30
FS(config-time-range)# exit
sw1(config)# ip access-list standard ip_std_internet_acl
sw1(config-std-nacl)# permit 10.1.1.0 0.0.0.255 time-range access-internet
sw1(config-std-nacl)# deny 10.1.1.0 0.0.0.255
sw1(config-std-nacl)# permit any
sw1(config-std-nacl)# exit
sw1(config)#int gigabitEthernet 0/2
sw1(config-if-GigabitEthernet 0/2)# ip access-group ip_std_internet_acl out

Verification



Withinthetimerange between 12:00 and13:30,visittheBaidu websiteonaPCoftheR&D department.Verify
that the website can be opened normally.



Beyond thetimerange between 12:00 and 13:30, visittheBaidu websiteon a PC ofthe R&Ddepartment.Verify
that the website cannot be opened.

SW1

sw1#show time-range

time-range entry: access-internet (inactive)
periodic Daily 12:00 to 13:30

sw1#show access-lists

ip access-list standard ip_std_internet_acl
10 permit 10.1.1.0 0.0.0.255 time-range access-internet (inactive)
20 deny 10.1.1.0 0.0.0.255
30 permit any
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sw1#show access-group
ip access-group ip_std_internet_acl out
Applied On interfaceGigabitEthernet 0/2

1.5.10 ConfiguringComments forACLs

Configuration Effect
During network maintenance, if a lot of ACLs are configured without any comments, it isdifficult todistinguishthese ACLs later on.
You can configure comments for ACLs to better understand the intended use of ACLs.
Configuration Steps



Configuring an ACL



(Mandatory)ConfigureanACLbeforeconfiguringthesecuritychannel.Fordetailsabout theconfigurationmethod,seethe
earlier descriptions.



You can configure this ACL on an access, an aggregate, or a core device based on the distribution of users. The configurations
take effect only on the local device, and do not affect other devices on the network.



Configuring Comments for ACLs



(Optional) Configure comments for ACLs so that it is easy to manage and understand the configured ACLs.



Adding ACEs to an ACL



(Optional)AnACLmaycontainzeroormultipleACEs.IfnoACEisconfigured, itisequivalentthatthesecuritychannel doesnot
take effect. For details about how to add an ACE to an ACL, see the related descriptions.



Configuring Comments for ACEs



(Optional)TofacilitateunderstandingofaconfiguredACL,youcanconfigurecommentsforACEsinadditiontocommentsfor
the ACL.

Verification
Run the show access-lists command on the device to display the comments configured for ACLs.
Related Commands



Configuring an ACL

For details about how to configure an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL, or
IPv6 ACL.



Configuring a Comment for an ACL

Use either of the following two methods to configure a comment for a specified ACE in the ACL:
Command
Parameter
Description

www.fs.com

[sn] remark comment
comment: Indicates the comment. The value is a string of 1 to 100 characters. A comment longer than 100 characters
will be truncated to 100 characters.

1975

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

sn: Indicates the ID of ACE
Command

ACL configuration mode

Mode
Usage Guide

Run this command to configure the comment for a specified ACE in the ACL. If sn is not configured, the comment is
configured for the last ACE.

Command
Parameter
Description

access-list acl-id sn-remark comment
acl-id: Indicates the ID of an ACL.
comment: Indicates the comment. The value is a string of 1 to 100 characters. A comment longer than 100 characters
will be truncated to 100 characters.
sn: Indicates the ID of ACE

Command

Configuration mode

Mode
Usage Guide

Run this command to configure the comment for a specified ACE in the ACL. If sn is not configured, the comment is
configured for the last ACE.



Adding ACEs to an ACL

For details about how to add ACEs to an ACL, see the earlier descriptions about the IP ACL, MAC extended ACL, expert extended ACL,
or IPv6 ACL.



Configuring Comments for ACEs

Use either of the following two methods to configure a comment for an ACE:
Command
Parameter
Description
Command

Remark comment
comment: Indicates the comment. The value is a string of 1 to 100 characters. A comment longer than 100 characters
will be truncated to 100 characters.
ACL configuration mode

Mode
Usage Guide

Run this command to configure the comment for a specified ACE.

Command

access-list acl-id remark comment

Parameter
Description

acl-id: Indicates the ID of an ACL.
comment: Indicates the comment. The value is a string of 1 to 100 characters. A comment longer than 100 characters
will be truncated to 100 characters.

Command

Global configuration mode

Mode
Usage Guide
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1.5.11 Configuring Global Forwarding Plane Security ACL

Configuration Effect
Configure the global forwarding plane security ACL to filter only hardware packets.
Configuration Steps



Configuring an ACL



(Mandatory) Configure an ACL first to apply the ACL to only hardware packets. For details about how to configure an ACL, see
the descriptions about ACL configuration.



Youcan configure the ACL on an access,aggregate, or coredevice based on the distribution of users.The ACL takes effect only
on the local device, and does not affect other devices on the network.



Configuring an ACE



(Optional) An ACL may contain no rules. If no rule is configured, all IP packets of global software are filtered. For details about
how to configure an ACE, see the descriptions about ACE configuration.



Configuring a Global Forwarding Plane Security ACL



(Mandatory) Enable the global forwarding plane security ACL function first so that the global forwarding plane security ACL
takes effect only on hardware packets.



You can configure the global forwarding plane security ACL function on an access, aggregate, or core device based on the
distribution of users.

Verification
Test whether the ACL takes effect on the forwarding plane but not on the control plane.
Related Commands



Configuring an ACL

For details about how to configure an ACL, see the descriptions about ACL configuration.



Configuring an ACE

For details about how to configure an ACE, see the descriptions about ACE configuration.



Configuring a Global Forwarding Plane Security ACL

Command
Parameter
Description
Command

ip access-group acl-id { in | out } forward-plane
acl-id: Indicates the ID of an ACL.
Global configuration mode.

Mode
Usage Guide

Run this command to enable the global forwarding plane security ACL function, so that the ACL takes effect only on
hardware.

Configuration Example



Configuring a Global Forwarding Plane Security ACL to Implement Global ACL on Forwarding Plane
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Configuration



Configure an IP ACL 1.

Steps



Add a rule to the IP ACL to prevent destination host 10.1.1.3/24 from accessing the network.



Add a rule to the IP ACL to allow all host addresses to access the network.



Configure the IP ACL 1 as the global forwarding plane security ACL.

SW1

sw1(config)#ip access-list standard 1
sw1(config-ext-nacl)# denyhost 10.1.1.3
sw1(config-ext-nacl)#permit any
sw1(config-ext-nacl)#exit
sw1(config)#ip access-group 1 in forward-plane

Verification



Ping SW 1 from the PC at the IP address 10.1.1.3. Verify that the PC cannot ping SW 1 but can ping other IP
addresses whose packets are forwarded by SW 1.

sw1#show access-lists
ip access-list standard 1
10 deny host 10.1.1.3
20 permit any
sw1#show running
……
!
ip access-group 1 in forward-plane!

1.6 Monitoring
Clearing
Description
Clears the ACL packet matching
counters.
Clears the counters of packets matching
the deny ACEs.

Command
clear counters access-list [ acl-id | acl-name ]
clear access-list counters [acl-id |acl-name ]

Displaying
Description

Command

Displays the basic ACLs.

show access-lists [ acl-id | acl-ame ] [summary]

Displays the redirection ACEs bound to a specified interface. If
the interface is not specified, redirection ACEs bound to all

show redirect [ interface interface-name ]

interfaces are displayed.
Displays the ACL configurations applied to an interface.

show access-group [interface interface-name ]

Displays the IP ACL configurations applied to an interface.

show ip access-group [interface interface-name ]
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Displays the MAC extended ACL configurations applied to an
interface.
Displays the expert extended ACL configurations applied to an
interface.
Displays the IPv6 ACL configurations applied to an interface.
Displays the TCAM information or the specified TCAM
information.

show mac access-group [interface interface-name ]
show expert access-group [interface interface-name ]
show ipv6 traffic-filter [interface interface-name ]
show acl res [ dev dev-num [ slot slot-num]]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the ACL running process.

debug acl acld event

Debugs the ACL clients.

debug acl acld client-show

Debugs the ACLs created by all ACL
clients.
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2Configuring QoS
2.1 Overview
Qualityof Service(QoS)indicatesthatanetwork canprovide agoodservicecapabilityforspecifiednetworkcommunication byusing
various infrastructure technologies.
When the network bandwidth is sufficient, all data streams can be properly processed; when network congestion occurs, all data
streams may be discarded.Tomeet users' requirements for different applications and different levels of service quality,a network
must be able to allocate and schedule resources based on users' requirements and provide different levels of service quality for
differentdatastreams. Tobe specific,thenetworkcanprocessreal-timeand importantdata packetsinhigher priorities,and process
non-real-time and common data packets in lower priorities and even discard the data packets upon network congestion.
The "doing the best" forwarding mechanism used by traditional networks cannot meet the requirements any longer and then QoS
comesintobeing. QoS-enabled devices provide transmission QoS qualityservice.Atransmission prioritycanbe assigned todata
streams of a type to identify the importance of the data streams. Then, the devices provide forwarding policies for different priorities,
congestion mitigation and other mechanisms to provide special transmission services for these data streams. A network environment
configured with QoS can provide predictability for network performance, effectively allocate network bandwidth, and reasonably
utilize network resources.

2.2 Applications
Application

Description

InterfaceRate Limit+ Priority Relabeling

Basedondifferentservicerequirementsforacampusnetwork,provideratecontroland
priority-based processing for outgoing traffic of theteaching building, laboratories and
dormitory building.

Priority Relabeling + Queue Scheduling Provide priority-based processing and bandwidth control for traffic of internal access to
servers of an enterprise.
2.2.1 Interface Rate Limit + Priority Relabeling

Scenario
To meet the service requirements of normal teaching, a school puts forwards the following requirements:



Control the Internet access traffic under 100M and discard packets out of control.



Control the outgoing traffic of the dormitory building under 50M and discard packets out of control.



ControltherateofpacketswithDSCPpriority7sentfromlaboratoriesunder20M,and change theDSCPprioritiesofthese
packets whose rates exceed 20M to 16.



Control the outgoing traffic of the teaching building under 30M and discard packets out of control.

Figure 2- 1
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Remarks

Aschool connectsGigabitEthernet 0/24 of Switch A tothe Internet inthe uplink and connects GigabitEthernet 0/1,
GigabitEthernet 0/2and GigabitEthernet 0/3 of SwitchA tothe teachingbuilding,laboratory (192.168.195.0) and
dormitory building (192.168.196.0) in the downlink respectively.

Deployment



Configure the QoS interface rate limit for the interface G0/24 of Switch A for connecting the Internet. Configure the QoS rate
limit for packets sent from the dormitory building on Switch A.



Set the rate limitfor packets with the DSCP priority 7 sent from the laboratory to 20M and relabel the DSCP priority of packets
out of the rate limit to 16.



Configure the QoS rate limit for packets sent from the teaching building on Switch A.

2.2.2 Priority Relabeling + Queue Scheduling

Scenario
Configure priority relabeling and queue scheduling to meet the following requirements:



When the R&D department and market department access servers, the priorities of the server packets are as follows: mail
server > file server > salary query server.



No matter when the HR management department accesses the Internet or servers, the switch processes the corresponding
packets in the highest priority.



Since network congestion often occurs in switch running, in order to ensure smooth business operation, WRR queue scheduling
mustbeusedtoscheduleIPpacketsfortheR&Dandmarketdepartmentstoaccessthemaildatabase,filedatabase,andsalary
query database based on the ratio of 6:2:1.
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Figure 2- 2

Remarks

The R&D, market and HR management departments access the interfaces GigabitEthernet 0/1, GigabitEthernet 0/2 and
GigabitEthernet 0/3 of Switch A respectively.The salary query server,mail server and file server are connected to
GigabitEthernet 0/23 of Switch A.

Deployment



Configure the CoS values of data streams for accessing different servers to ensure that the switch processes packets for different
servers in different priorities.



SetthedefaultCoSvalue oftheinterfacetoaspecificvalue toensurethattheswitchprocessespacketssent bythe HR
management department in the highest priority.



Configure WRR queue scheduling to ensure that data packets are transmitted in a specific quantity ratio.

2.3 Features
Basic Concept



DiffServ

The Differentiated Services (DiffServ) Mode is an IETF system based on which QoS is implemented in FS products. The DiffServ system
classifiesallpacketstransmittedinanetworkintodifferenttypes.Theclassificationinformationisincludedinlayer-2/3packetheaders,
including 802.1P, IP and IP DSCP priorities.
In a DiffServ-compliant network, all devices apply the same transmission service policy to packets containing the same classification
information and apply different transmission service policies to packets containing different classification information. Classification
information of packetsis either assigned by hostsor other devicesin thenetwork or assigned based on different application policies
ordifferentpacketcontents.Basedontheclassificationinformationcarriedby packets,adevicemayprovide differenttransmission
prioritiesfor differentpacketstreams,reservebandwidthforakindof packetstreams,discardcertainpacketswithlowerpriorities, or
take some other actions.



802.1P(PRI) priority

The802.1Ppriorityislocatedattheheaderofalayer-2packetwiththe802.1Qheader,andisusedinscenarioswherelayer-3headers
do not need to be analyzed and QoS needs to be implemented at layer 2. Figure 2-3 shows the structure of a layer-2 packet.
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Figure 2- 3

As shown in Figure 1-3, the 4-byte 802.1Q header contains 2-byte Tag ProtocolIdentifier (TPID) whose value is 0x8100 and 2-byte Tag
ControlInformation (TCI). The first three bits of the TCI indicate the 802.1P priority.



IP priority (IP PRE) and DSCP priority

The priorities of IP packets are identified by the IP PRE and DSCP priority. The Type Of Service (ToS) field of the IPv4 header comprises 8
bits; where thefirst three bits indicate the IPprecedence (IP PRE), ranging from0 to 7. RFC 2474 redefines theToSfield of the IPv4
header, which is called the Differentiated Services (DS) field. The Differentiated Services Code Point (DSCP) priority is identified by the
first 6 bits (bits 0 to 5) of the DS field, and by the first 6 bits of theTraffic Class field in the IPv6 header. Figure 2-4 shows the locations of
the IP PRE and DSCP priorities in IPv4/IPv6 packets.
Figure 2- 4



CoS

Class of Service (COS). FS products convert packet priorities into CoS values to identity the local priorities of the packets and
determine the input queue ID when packets are sent from the output interface.
Overview
Feature

Description

Stream Classification

Stream classification uses certain rules to identify packetswith same characteristicsand isthe prerequisite
and basis for distinguishing network services.

Priority Labeling and

Label packet priorities with specified values and map the values to corresponding CoS values.

Mapping
Traffic Supervision

www.fs.com

Supervise the specification of traffic flowing into a network, limit the traffic within a reasonable range, and

1983

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

discard the traffic out of the limit or modify the priority of the traffic.
Congestion

Determine the sequence of data packets sent from an interface based on the priorities of the data packets

Management

and ensure that key services can be processed in time when congestion occurs.

Congestion Mitigation

Monitor the usage of the output interface queue and reduce the network load by actively discarding packets
and adjusting the network traffic when network congestion occurs.

2.3.1 Stream Classification

Stream classification uses certain rules to identify packets with same characteristics and is the prerequisite and basis for distinguishing
network services. Stream classification rules are used to distinguish different packets in the network and specify different QoS
parameters for packets at different service levels.
Working Principle
StreamclassificationrulescanbematchingthePREorDSCPprioritiesofIPpacketsorclassifyingpacketsbyidentifyingpacket
content through an ACL.Youcan define the binding between multiplestreams and stream behaviorsby using commands toform
policies which can be applied to interfaces for stream classification and processing.



QoS policy

A QoS policy comprises three elements: class, stream behavior and policy.



Class
A class identifies streams and comprises the class name and class rules. You can define the class rules by using commands to
classify packets.



Stream behavior
Stream behaviors define the QoS actions taken for packets, including priority labeling and traffic supervision for packets.



Policy
A policy binds a specific class and specific stream behaviors and comprises the policy name, names of the classes bound, and
streambehaviors.Youcan bind aspecified class and stream behaviors by usinga QoS policyand apply the policyto one or
more interfaces.



QoS logical interface group

Youcan specify a seriesof interfaces as a QoS logical interfacegroup (including both APs and Ethernet interfaces) and associate
policeswiththelogicalinterfacegroupfor QoSprocessing.Takeratelimit forstreambehaviorsforexample. Forpacketsthatmeet the
rate limit conditions, all interfaces in the same logical interface group share the bandwidth specified by the policy.
Related Configuration



Creating a class

No class is defined by default.
You can run the class-map command to create a class and enter the class configuration mode.



Matching an ACL

No rules are defined for a class by default.

www.fs.com

1984

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Intheclassconfigurationmode,youcanrunthematchacess-groupcommand todefineaclassruleasmatchinganACL.Youneedto
create ACL rules first.



Creating a policy

No policy is defined by default.
You can run the policy-map command to create a policy and enter the policy configuration mode.



Associating a class

A policy is not associated with any class by default.
In the policy configuration mode, you can run the class command to associate a class and enter the policy-class configuration mode.



Binding a stream behavior

A class is not bound to any stream behavior by default.
In the policy-class configuration mode, you can run the set command to modify the CoS, DSCP or VID values of a specified stream;
where, the CoS value ranges from 0 to 7, the DSCP value ranges from 0 to 63 and the VID value ranges from 1 to 4094. Youcan run the
police command to limit the bandwidth and process streams out of the limit for specified streams. The bandwidth limit ranges are
determined by products. Run the apply acl command to apply the ACL associated with the class.



Configuring a logical interface group

No logical interface group is defined and an interface is not added to any logical interface group by default.
In the global configuration mode, you can run the virtual-group command to create a logical interface group. In the interface
configuration mode, you can run the virtual-group command to add an interface to a logical interface group. If this logical interface
group is not created, you cancreate the logical interfacegroup and add the interfaceto thegroup.Youcan create 128 logical interface
groups, ranging from 1 to 128.



Applying a policy to an interface

No policy is applied to an interface by default.
In the interface configuration mode, you can run the service-policy command to apply a policy in the input/output directions of the
interface. In the global configuration mode, you can run the service-policy command to apply a policy in the input/output directions
of all interfaces.
2.3.2 Priority Labeling and Mapping

Priorities areused to label the scheduling weights of packetsor thepriorities of the packetsin forwarding. Different packet types have
different priority types including 802.1P(PRI), IP PRE and DSCP priorities. Priority labeling and mapping refer to labeling packet
priorities with specified values and mapping the values to corresponding CoS values.
Working Principle
Afterdata streamsofpacketsenter adeviceinterface,thedeviceassignspriorities tothepacketsbased onthetrustmodeconfigured
for the interface. The following describes several trust modes:



When the interface trust mode is untrust, which means not trusting the priority information carried in packets:
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Modify the CoS value according to the default CoS value (0, which is configurable), COS-DSCP mapping table and DSCP-COS
mapping table of the interface and put the packets intoqueues based on the final CoS value. For output packets carrying the
802.1Q tag, the packet priority will be modified to the corresponding CoS value.



When the interface trust mode is trusting CoS:
For packets carrying the 802.1Q tag, modify the CoS value according to the PRI value, CoS-DSCP mapping table, and DSCP-CO
mapping table, and put the packets intoqueues based onthe final CoSvalue. For output packets carrying the 802.1Q tag, the
packet priority will be modified to the corresponding CoS value.
Forpacketsnot carryingthe802.1Qtag,modifytheCoSvalueaccordingtothedefault CoSvalue (0,whichisconfigurable),
COS-DSCP mapping table and DSCP-COS mapping table of the interface, and put the packets into queues based on the final
CoSvalue. Foroutput packetscarrying the 802.1Q tag,the packet priority willbe modified to the correspondingCoS value.



When the interface trust mode is trusting DSCP:
For non-IP packets, the processing is the same as that for trusting CoS.
For IP packets, modify the CoS value according to the DSCP value of the packets and the DSCP-CoS mapping table and put the
packets into queues based on the final CoS value.



When the interface trust mode is trusting IP PRE:
For non-IPv4 packets, the processing is the same as that for trusting CoS.
For IPv4 packets, obtain and modify the DSCP priority of the packets according to the IP PRE value of the packets and the
IP-PRE-DSCP mapping table, obtain the CoS value according to the DSCP-CoS mapping table, and then put the packets into
queues based on the final CoS value.



When the trust mode and the applied policy of an interface work together:
When the trust mode and the applied policy of an interface work together, the trust mode has a lower priority than the policy
and the CoS priority can be obtained according to the DSCP-CoS mapping table.
If a policy is applied to the interface but the policy does not has a configuration for modifying the DSCP and CoS values, the
processing will be performed based on the trust mode of the interface.

Related Configuration



Configuring the trust mode of an interface

The default trust mode of an interface is untrust.
In the interface configuration mode, run the mlsqos trust command to modify the trust mode. The trust mode can be trusting CoS,
trusting DSCP or trusting IP PRE.



Configuring the default CoS value of an interface

The default CoS value of an interface is 0.
Inthe interfaceconfiguration mode, run the mlsqos cos command tomodify the default CoSvalue of the interface,which ranges
from 0 to7.



Labeling the priority of streams

The priorities of streams are not relabeled by default.
In the policy-class configuration mode, run the set command to modify the CoS, DSCP and VID values of streams. The CoS value
ranges from 0 to 7, the DSCP value ranges from 0 to 63, and the VID value ranges from 1 to 4094.
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Configuring CoS-to-DSCP Map

By default, the CoS values 0, 1, 2, 3, 4, 5, 6 and 7 are mapped to the DSCP values 0, 8, 16, 24, 32, 40, 48 and 56 respectively.
Runthemlsqosmapcos-dscpcommandtoconfiguretheCOS-DSCPmapping.TheDSCPvaluerangesfrom0to63.



Configuring DSCP-to-CoS Map

By default, DSCP 0 to 7 are mapped to CoS 0, DSCP 8 to 15 mapped to CoS 1, DSCP 16 to 23 mapped to CoS2, DSCP 24 to 31 mapped
to CoS 3, DSCP 32 to 39 mapped to CoS 4, DSCP 40 to 47 mapped to CoS 5, DSCP 48 to 55 mapped to CoS 6, and DSCP 56 to 63
mapped to CoS 7.
Run the mls qos map dscp-cos command to configure the DSCP-CoS mapping. The CoS value ranges from 0 to 7 and the DSCP value
ranges from 0 to 63.
2.3.3 Traffic Supervision

Supervise the specification of traffic flowing into a network, limit the traffic within a reasonable range, and discard the traffic out of
the limit or modify the priority of packets. In addition, the total traffic of an interface can be monitored and the traffic out of the limit
will be discarded.
Working Principle
Trafficsupervision isused tomonitor the specification of trafficflowing intoa network and conduct preset supervision actions based
on different assessment results. These actions can be:



Forwarding: Normally forward packets within the traffic limit.



Discarding: discard packets out of the traffic limit.



Changing the priority and forwarding: modify the priorities of packets out of the traffic limit and then forward the packets.

Directly discard packets out of the total traffic limit of an interface.
Related Configuration



Configuring the action to be conducted for traffic out of limit

No action to be conducted for traffic out of limit is configured by default.
In the policy-class configuration mode, run the police command to configure the action to be conducted for traffic out of limit to
discarding trafficout of limit, or modifying theCoS value or DSCP value.The trafficlimit range isdetermined by products.Whenthe
traffic is out of the limit, you can modify the CoS value in the range of 0 to 7 and the DSCP value in the range of 0 to 63.



Configuring the total traffic limit for an interface

The total traffic limit for an interface is not configured by default.
In the interface configuration mode, run the rate-limit command to configure the total traffic limit for an interface in the input and
output directions. The traffic limit range is determined by products.
2.3.4 Congestion Management

Whenthe receiving rateof packetsexceeds the sending rateof packets, congestion willoccur on the sending interface.If no sufficient
buffer is provided to store these packets, the packets may be lost. The congestion management mechanism determines the sequence
of data packets to be sent from an interface based on the priorities of the data packets.The congestion management function allows
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forcongestioncontrolby increasingthepriorities of important datapackets.Whencongestionoccurs,the important data packetsare
sent in higher priorities to ensure that key services are implemented in time.
Working Principle
A queue scheduling mechanism is used for congestion management and the process is as follows:



After each packet passes all QoS processing in a switch, the packet will obtain a CoS value finally.



At the output interface, the device classifies the packets into corresponding sending queues based on the CoS values.



The output interface selects packets in a queue for sending based on various scheduling policies (SP,WRR, DRR, WFQ, SP+WRR,
SP+DRR, SP+WFQ).



Scheduling policy

The queue scheduling policies include SP, WRR, DRR, WFQ, SP+WRR, SP+DRR and SP+WFQ.



Strict-Priority (SP) scheduling means scheduling packets strictly following queue IDs. Before sending packets each time, check
whether a queue with the first priority has packets to be sent. If yes, the packets in this queue are sent first. If not, check whether
a queue with the second priority has packets. Follow the same rules for packets in other queues.



Weighted Round Robin (WRR) scheduling means scheduling queues in turn to ensure that all queues have certain service time.
Forexample,a1000Mbpsinterfacehas8outputqueues.TheWRRconfiguresaweightedvalue(5,5,10,20,20,10,20and10,
which indicate the proportions of obtained resources) for each queue. This scheduling method ensures that a queue with the
lowest priority is assigned with at least 50 Mbps bandwidth, which avoids that packets in the queue with the lowest priority are
not served for long time when the SP scheduling method is used.



DeficitRoundRobin(DRR)schedulingissimilartotheWRR,butappliesweightvaluesbasedonbytes,but notbasedontime
slices.



WeightedFairQueueing(WFQ)schedulingprovidesdynamicandfairqueuingand appliesweightedvaluesbasedonbytes,
similartothe DRR.Whenencounteringan emptyqueue, the DRRwillshifttothenext queuefor transmissionimmediately. If a
queuemissesitstransmissiontime,thequeue mustwaitforthenext time,whichisthedifferencebetweentheWFQandDRR;
therefore, the WFQ is more suitable for processing data packets with variable lengths than the DRR.



SP+WRR scheduling means configuring the SP scheduling for one or more sending queues and configuring the WRR scheduling
for the other queues. Among SP queues, only after all packets in the SP queue with the first priority are sent, the packets in the
SPqueuewiththesecondprioritycanbesent.AmongSPandWRRqueues,onlyafterthepacketsinallSPqueuesaresent,the
packets in WRR queues can be sent.



SP+WFQscheduling means configuring the SP scheduling for one or more sending queues and configuring theWFQ
scheduling for the other queues. Among SP queues, only after all packetsin the SP queue withthe first priority are sent, the
packetsintheSPqueue withthesecondprioritycanbe sent.Among SPandWFQqueues, onlyafterthepacketsinallSP
queues are sent, the packets in WFQ queues can be sent.



SP+WFQscheduling means configuring the SP scheduling for one or more sending queues and configuring theWFQ
scheduling for the other queues. Among SP queues, only after all packetsin the SP queue withthe first priority are sent, the
packetsintheSPqueue withthesecondprioritycanbe sent.Among SPandWFQqueues, onlyafterthepacketsinallSP
queues are sent, the packets in WFQ queues can be sent.



QoS multicast queue

On some products, interface queues are classified into unicast queues and multicast queues. There are 8 unicast queues. All known
unicast packets enter corresponding unicast queues for forwarding based on their priorities. There are 1 to 8 multicast queues
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(dependingon products.Certain productsdonot support multicast queues).Except forknown unicast packets, allpackets (suchas
broadcastpackets, multicastpackets,unknown unicastpackets,and mirroringpackets)entercorresponding multicastqueues for
forwarding based on their priorities. Similar to unicast queues, you can configure priority mappings and scheduling algorithms for
multicast queues. The Cos-to-Mc-Queue command can be used to configure mapping from priorities to multicast queues. At present,
multicast queues support the SP,WRR and SP+WRR scheduling algorithms.



Scheduling policy and round robin weight for output queues on an interface

The scheduling policies and round robin weight for output queues are based on global configurations. Some products support both
global configurations and interface-based configurations. Interface-based configurations have higher priorities than global
configurations. The global scheduling policy works with the corresponding global round robin weight whereas the interface
scheduling policy works with the interface round robin weight. If only the global scheduling policy or interface scheduling policy is
configured but no corresponding round robin weights are configured, the default round robin weights will work with the scheduling
policy.



Queue bandwidth

Some products allow for configuring the guaranteed minimum bandwidth and the limited maximum bandwidth for a queue. A queue
configured with the guaranteed minimum bandwidth ensures that the bandwidth for this queue is not smaller than the configured
value. A queue configured with the limited maximum bandwidth ensures that the bandwidth for this queue is not greater than the
configured value and packets out of the bandwidth limit will be discarded. The bandwidth limits for unicast and multicast queues are
configured together on some productswhereas configured separately on some other products. In addition, some productsallow for
configuring bandwidth only for unicast queues.



Queue ECN

WiththecombinationoftheWERDtechnologyandexplicitcongestionnotification(ECN)technology,aterminaldevicecanperceive
network congestion and notify the source device of the congestion. Upon receiving the notification, the source device reduces the
packet sending rate to prevent aggravated congestion.
Both the ECN and WRED functions must be configured to enable the queue ECN function.
AfterthequeueECN function isenabled (namely,the ECNfieldinpacketsissetto01 or 10),whenqueue congestionoccurs,the
device changes the ECN field to CE (11), instead of discarding packets randomly according to the WRED template.
AfterthequeueECNfunctionisenabled, thedevicesetstheECNfield toCEonly when thepacketratereaches thelower
discarding threshold specified in the WRED template.

Related Configuration



Configuring CoS-to-Queue Map

By default, the CoS values 0, 1, 2, 3, 4, 5, 6 and 7 are mapped to the queues 1, 2, 3, 4, 5, 6, 7 and 8 respectively.
Runthepriority-queuecos-mapcommandtoconfiguretheCoS-to-queuemapping.TheCoSvaluerangesfrom0to7andthequeue
value ranges from 1 to 8.



Configuring the scheduling policy for an output queue

By default, the scheduling policy for a global output queue is WRR and no scheduling policy is configured for an interface.

www.fs.com

1989

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Runthemlsqosschedulercommandtoconfiguretheoutputschedulingpolicyforaqueue. Configurableschedulingpolicies
include SP,WRR and DRR. Youcan also run the priority-queue command to configure the scheduling policy as SP.



Configuring the round robin weight corresponding to the WRR scheduling policy for an output queue

By default, the weight of a global or interface-based queue is 1:1:1:1:1:1:1:1.
Run the wrr-queue bandwidth command to configure the round robin weight corresponding totheWRRscheduling policy for an
output queue. The configurable weight range is determined by products.
A higher weight means longer output time.



Configuring the round robin weight corresponding to the DRR scheduling policy for an output queue

By default, the weight of a global or interface-based queue is 1:1:1:1:1:1:1:1.
Run the drr-queue bandwidth command toconfigure the round robin weight corresponding to the DRR scheduling policy for an
output queue. The configurable weight range is determined by products.
A higher weight means more packet bytes that can be sent.



Configuring the round robin weight corresponding to the WFQ scheduling policy for an output queue

By default, the weight of a global or interface-based queue is 1:1:1:1:1:1:1:1.
Run the wfq-queue bandwidth command to configure the round robin weight corresponding to the WFQ scheduling policy for an
output queue. The configurable weight range is determined by products.
A higher weight means more packet bytes that can be sent.



Configuring the bandwidth for a queue

Run the qos queue command to configure the guaranteed minimum bandwidth and the limited maximum bandwidth for each
queue. The queue value ranges from 1 to 8 and the guaranteed minimum bandwidth and limited maximum bandwidth value ranges
are determined by products. Supported queue types are determined by products.



Configuring the Queue ENC

Run the qos queue queue_num ecn command to enable ECN on all queues. (Queue range: 1 to 8)
2.3.5 Congestion Mitigation

Monitor the usage of the output interface queue and reduce the network load by actively discarding packets and adjusting the
network traffic when network congestion occurs.
Working Principle
Mitigate congestion by effectively monitoring the network traffic and forecasting occurrence of congestion. Packets need to be
discarded to mitigate congestion. Discarding policies include Tail-Drop, Random Early Detection (RED), and Weighted Random Early
Detection (WRED).



Tail-Drop

Traditional packet loss policies include Tail-Drop. Tail-Drop is effective for all traffic and cannot distinguish service levels. When
congestion occurs, data packets at the tail of a queue will be discarded until the congestion is removed.



RED and WRED
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HostsrunningTCPwilldecreasetherateofsendingpacketstorespondtomassivepacketloss.Aftercongestionisremoved,thehosts
increase the rate of sending packets. In this way, Tail-Drop may cause TCP Global Synchronization. When a queue discards multiple TCP
packetssimultaneously, multipleTCP connections enter the congestion mitigation and slow startup state simultaneously, and the
trafficisreducedandadjusted.Whencongestionisremoved,trafficpeaksmayappear.The processrepeatsconstantly,thenetwork
traffic goes up and down suddenly, and the line traffic always fluctuates between the lowest quantity and the highest quantity. When
TCP global synchronization occurs, the connection bandwidth cannot be adequately used, which causes bandwidth waste.
Toavoid thiscircumstance, you can usethe RED/WRED packet discardingpolicy.This policyprovides a mechanismfor discarding
packets in random, which avoids TCP global synchronization. When packets of a TCP connection are discarded and sent at a lower rate,
packetsofotherTCPconnectionsarestillsentathigherrates.Inthisway, therearealwayssomeTCPconnectionswhosepacketsare
sent at higher rates, which increases the utilization of line bandwidth.
WhenWREDisused, youcansetthe lower thresholdvalue and maximum discardingprobabilityfora queue.Whenthequeue length
issmaller than the lower threshold value, WRED does not discard packets.When the queue length isbetween the higher and lower
threshold values, WRED discards packets in random (the longer the queue length, the higher probability of packet discarding. There is
amaximumdiscardingprobability).Whenthequeue lengthisgreaterthanthehigherthresholdvalue,WREDdiscardspacketsatthe
maximum discarding probability.
Different from RED, WRED uses priorities to distinguish discarding policies. RED is a special example of WRED. When all CoS values of
an interface are mapped to the same lower and higher threshold values, WRED becomes RED.
Related Configuration



Enabling the WRED function

The default packet discarding policy is Tail-Drop.
You can run the queueing wred command to enable the WRED function.



Configuring the lower threshold

When 2 groups of lower thresholds inthe unit of percentage are supported, the default values are 100 and 80 (the number of
threshold groups are determined by products). Some products support configuration in the unit of cell (the default value is
determined by products).
Inthe interface configuration mode, you can run the wrr-queue random-detect min-threshold command to configure the lower
thresholdsintheunit of percentageforpacketsdiscardedbyWREDineach queue.Thequeue valuerangesfrom1to8.Thelower
threshold ranges from 1 to 100.
Intheinterfaceconfiguration mode, you canrun the wrr-queue random-detect min-thresholdcell command toconfigure the
lowerthresholds inthe unit of cell forpackets discarded byWREDineach queue.The queue value range varies fromproducts.



Configuring the higher threshold

When 2 groups of lower thresholds inthe unit of percentage are supported, the default values are 100 and 100 (the number of
threshold groups are determined by products). Some products support configuration in the unit of cell (the default value is
determined by products).
Inthe interfaceconfiguration mode, you canrun the wrr-queue random-detect max-thresholdcommand to configurethe higher
thresholdsintheunit of percentageforpacketsdiscarded byWREDineach queue.The queue value ranges from1to8.The higher
threshold ranges from the minimum value of lower threshold to the maximum value of higher threshold.
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In the interface configuration mode, you can run the wrr-queue random-detect max-threshold cell command to configure the
higher thresholds in the unit of cell for packets discarded by WRED in each queue. The queue value ranges from 1 to 8. The higher
threshold ranges from the minimum value of lower threshold to the maximum value of higher threshold.
Whenthequeue lengthissmaller thanthe lowerthreshold,WREDdoesnot discardpackets.Whenthe queuelength isbetweenthe
lower and higher thresholds, WRED discards packets in random.



Configuring the maximum discarding probability

When2 groups of maximum discarding probabilities aresupported, thedefault values are100 and 80 (thenumber of threshold value
groups are determined by products).
In the interface configuration mode, you can run the wrr-queue random-detect probability command to configure the maximum
discarding probabilities for packets discarded by WRED in each queue. The queue value ranges from 1 to 8. The maximum discarding
probability ranges from 1 to 100.



Adjusting the average queue length for discarding probability

When packets are forwarded, WRED determines the discarding probability based on the average queue length of the output queue.
When the queue length is between the lower threshold and higher threshold, WRED starts to discard packets randomly. A longer
queue leads to a higher discarding probability that is less than the maximum discarding probability. When the queue length is greater
than the higher threshold, packets are discarded at the maximum discarding probability.
By default, the average queue length is determined by products. You can configure the sampling interval and weight of to-bediscarded packets to affect the calculation result of the average queue length.
The sampling weight indicates the weight factor of sampled data updates. A larger sampling weight indicates a longer update
interval of the average queue length and a larger average queue length. In interface configuration mode, you can run the wrr-queue
random-detect sample-weight command to configure the sampling weight factor of each queue. The value range is determined by
products.



Configuring the CoS-to-threshold mapping

By default, all CoS values are mapped to the first group of threshold values (the number of threshold groups is determined by
products).
In the interface configuration mode, you can run the wrr-queue cos-map command to configure the CoS-to-threshold group
mapping.The CoS value ranges from0 to 7 and the number of threshold groups is determined by products. Multiple groups of lower
thresholdvaluesandmaximumdiscardingprobabilitiescanbeconfigured.ByconfiguringtheCoS-to-thresholdgroupmapping,you
canselect the effective threshold group mapped toa CoS value, forexample, CoS 0 mapped to the firstthreshold group, and CoS 1
mapped to the second threshold group. If the packets of CoS 0 and 1 are added to queue 1 for scheduling, the packets of CoS 0 are
processedbased onthe lower thresholdvalues and maximum discardingprobabilitiesinthefirst group and the packetsof CoS 1are
processed based on the lower threshold values and maximum discarding probabilities of the second group.
When all CoS values of an interface are mapped to the same group of threshold values, the enabled WRED becomes RED.
2.3.6 Queue Display and Configuration

By default, the display and configuration mode of all queues on the device is 1–8.



Changing the queue display and configuration mode
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In global configuration mode, you can run the qos-queue compatible enable command to change the queue display and
configuration mode of all queues on the device to 0–7.
2.3.7 Packet Priority Modification

By default, the priority of a packet is changed to that configured on a device when the packet is sent out from the device. For example,
an L2 packet whose priority is 4 is sent. The ingress direction is associated with the policy-map. If the packet matches the policy, the
CoS value in the packet is set to 2. When the packet is captured in the egress, the packet priority is 2.



Disabling packet priority modification

In global configuration mode, run the mls qos remark disable command to disable packet priority modification, that is, when a
packet is sent out from a device, the priority of the packet is the same as that when the packet is sent to the device.

2.4 Limitations



The QoS trust mode cannot be configured on SVIs.



For the N5860/N8560/NC8200 series products, members of a logical port group must be on the same device.



Members to be added to a logical port group must be physical ports or Aggregate Ports (APs).

The deny entry in an ACL matching a class-map does not take effect.



The N5860/N8560/NC8200 series products do not support VID modification.



When QoS is applied to the outbound direction, the N5860/N8560/NC8200 series products change the DSCP value of
packets whose bandwidth exceeds the limit but keep the CoS value unchanged. When QoS is applied to the inbound
direction, the N5860/N8560/NC8200 series products change the DSCP value and CoS value of packets whose bandwidth
exceeds the limit.



The N5860/N8560/NC8200 series products change both the DSCP value while changing the CoS value of packets whose
bandwidth exceeds the limit. After none-tos is set, the N5860/N8560/NC8200 series products do not change the DSCP
value when changing the CoS value.



The N5860/N8560/NC8200 series products do not support the none-tos option when CoS is configured.



On the N5860/N8560/NC8200 series products, bandwidth limit is based on the actual bandwidth, including the load
generated by the preamble and interframe gap.The preamble and interframe gap carried ineach packet occupy 20 bytes.



The N5860/N8560/NC8200 series products support the minimum rate limit granularity of 8 Kbps. The rate limit granularity
varies with the rate limit settings. The following table lists the relationships between rate limits and granularities.
64 Kbps to 2 Gbps

2 Gbps to 4 Gbps

4 Gbps to 8 Gbps

Granularity

8 Kbps

16 Kbps

32 Kbps

Rate Limit Range

8 Gbps to 16 Gbps

16 Gbps to 32 Gbps

32 Gbps to 40 Gbps

Rate Limit Range
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Granularity


64 Kbps

128 Kbps

256 Kbps

For the second parameter (burst traffic) in the QoS rate-limit policy, if the parameter value is excessively small, the actual
rate may be excessively small in the case of burst traffic. If the parameter value is excessively large, the actual rate may be
excessively large. You can use the following recommended configuration as required:
(1) If the configured rate limit is smaller than 1024 Kbps, the recommended burst-size value is 1024 KBytes.
(2) If the configured rate limit is smaller than 10240 Kbps, it is recommended to set the burst-size value to be the same as
therate limit or usethe maximum value (the allowable burst-size value of the products may be smaller than 10240 KBytes).
(3) If the configured rate limit is greater than 10240 Kbps, it is recommended to set the burst-size value to the allowable
maximum value of the device.



For the second parameter in the QoS rate-limit policy, when the rate limit is relatively large, the second parameter needs to
be adjusted accordingly. Otherwise, the rate limit may be inaccurate.
For 10G or 40G ports, it is recommended to set the burst-size to 32 or a larger value.



The N5860/N8560/NC8200 series products support applying the policy map to the outbound direction.

When a policy is applied to an AP of the N5860/N8560/NC8200 series products, member ports of the AP must meet the following
condition so that the configured bandwidth limit is the bandwidth shared by all member ports of the AP: Member ports of the AP
must belong to the same N5860/N8560/NC8200 device.


On the N5860/N8560/NC8200 series products, a class-map needs to be associated with an ACL, and therefore all restrictions
configured in an ACL are available to the QoS function. For details, see the ACL configuration guide.



Policy maps cannot be applied to SVIs.



Policy maps can be configured in the output direction but cannot be configured on APs.



Policy maps configured in the output direction do not support re-marking the CoS value of packets. The CoS value of
packets is not re-marked when the DSCP value of the packets is re-marked.



QoS is not supported on logical port groups in the output direction.



The Virtual Switching Link (VSL) ports of the N5860/N8560/NC8200 series products adopt the Strict Priority (SP) + Deficit
Round Robin (DRR) scheduling algorithm by default. Queue 7 adopts the SP scheduling and the weights of other queues
are all 1, which cannot be modified by users.

Whenthe QoS egress rate limit is configured on the N5860/N8560/NC8200 series products, the first 32 ports do not share the rate
limit with subsequent ports. As a result, QoS is applied to the SVIs. If a SVI contains the first 32 ports and subsequent ports, the
egress rate limit is doubled for packets that are transmitted by the first 32 ports and subsequent ports.
For example, member ports of VLAN 1 contain Gi0/1, Gi/2, Gi0/33, and Gi0/34, and the QoS rate limit of 10 Mbps is applied to
VLAN 1. The actual rate limit of packets that are transmitted by Gi0/1, Gi/2, Gi0/33, and Gi0/34 is actually 20 Mbps. Gi0/1 and Gi/2
share the rate limit of 10 Mbps while Gi0/33 and Gi0/34 share the rate limit of another 10 Mbps.

You can run only the show run command to check whether the WRED function is enabled globally.
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The lower threshold and maximum drop probability of a queue form one WRED configuration group. The number of
supported WRED configuration groups varies with the limit. The N5860/N8560/NC8200 series products support a maximum
of 120 WRED configuration groups.
It is not recommended that the configured number of WRED configuration groups exceed 120. The extra WRED
configuration groups may result in improper running.



If the lower threshold is 100%, the WRED function is disabled.



The N5860/N8560/NC8200 series products support mapping configuration on physical ports.



Administrators can configure the DSCP-CoS and CoS-threshold mappings to implement the DSCP-threshold mapping.



Administrators can configure the CoS-threshold and CoS-queue mappings to implement the queue-threshold mapping.

2.5 Configuration
Configuration

Description and Command
(Optional) It is used to create stream classification information.

Configuring Stream
Classification

class-map

Creates a class.

match access-group

Matches ACL rules.

policy-map

Creates a policy.

class

Associates a class.

police

Binds the bandwidth limit for streams and the
action for processing packets out of the limit.
Binds the behaviors for modifying the CoS,

set

DSCP and VID values of streams.

apply acl
virtual-group
service-policy

Applies the ACL
Creates a logical interface group and adds
interfaces to the logical interface group.
Applies a policy to an interface.

(Optional) Itis used toconfigure thetrustmode, default CoSvalue and various mappings for an
interface.
Configuring Priority Labeling
and Mapping for Packets

Configuring Interface Rate
Limit

mls qos trust

Modifies the trust mode of an interface.

mls qos cos

Modifies the default CoS value of the interface.

mls qos map cos-dscp

Configures the CoS-to-DSCP mapping.

mls qos map dscp-cos

Configures the DSCP-to-CoS mapping.

(Optional) It is used to configure the rate limit for an interface.
rate-limit

Configures the traffic limit for an interface.

(Optional)ItisusedtoconfiguretheCoS-to-queuemapping,queueschedulingpoliciesand
Configuring Congestion
Management
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priority-queue cos-map

Configures the CoS-to-queue mapping.

priority-queue

Configures the output scheduling policy for a
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Configuration

Description and Command
queue to SP.
mls qos scheduler

Configures the output scheduling policy for a
queue.
Configures the round robin weight

wrr-queue bandwidth

corresponding to the WRR scheduling policy for
an output queue.
Configures the round robin weight

drr-queue bandwidth

correspondingtotheDRRschedulingpolicyfor
an output queue.
Configures the round robin weight

wfq-queue bandwidth

correspondingtotheWFQschedulingpolicyfor
an output queue.
Configures the guaranteed minimum

qos queue

bandwidth and limited maximum bandwidth
for a queue.

qos queue ecn

Enables the queue ECN function.

(Optional) It is used to prevent network congestion by setting packet discarding.
queueing wred

Enables the WRED function.

wrr-queue random-detect sample-weight

Configure the sampling weight of packets to be
discarded by WRED.

wrr-queue random-detect min-threshold
Configuring Congestion
Mitigation

wrr-queue random-detect max-threshold
wrr-queue random-detect min-threshold cell
wrr-queue random-detect max-threshold cell
wrr-queue random-detect probability
wrr-queue cos-map

Configures the lower threshold value for
packets discarded by WRED.
Configures the higher threshold for packets
discarded by WRED (in the unit of percentage).
Configures the lower threshold for packets
discarded by WRED (in the unit of cell).
Configures the higher threshold for packets
discarded by WRED (in the unit of cell).
Configures the maximum discarding probability
for packets discarded by WRED.
Configures the threshold-to-CoS mapping.

(Optional) It is used to set the queue display and configuration mode of all queues on the
Configuring Queue Display

device to 0–7.

and Configuration Mode
qos-queue compatible enable
Disabling Packet Priority
Modification

Enables the queue display and configuration
mode of all queues on the device to 0–7.

(Optional) It is used to disable packet priority modification.
mls qos remark disable

Disables packet priority modification.

2.5.1 ConfiguringStreamClassification

Configuration Effect
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Create a class and match classification rules.



Create a policy, bind a class and stream behaviors, and associate with an interface.

Notes



The class and policy names cannot comprise more than 31 characters.



InterfaceconfigurationsallowforonlyAPandEthernetinterfaceconfigurations.Certainproductssupport policiesappliedto
SVIinterfacesthroughtheservice-policycommand.WhenbothphysicalinterfacesandSVIinterfacesareconfiguredwith
policies, the priority of the physical interfaces is higher than that of the SVI interfaces.



If run the service-policy command in global configuration mode, policies will be applied to all interfaceswhich can be
configured with policies.

Configuration Steps



Creating a class and matching ACL rules



Optional.



Create a class. In the class configuration mode, match ACL, IP PRE or DSCP.



Creating a policy



Optional.



Create a policy. In the policy configuration mode, bind the class and stream behaviors.



Creating a logical interface group and adding interfaces to the logical interface group



Optional.



Create a logical interface group and add interfaces to the logical interface group.



Applying a policy to an interface



Optional.



Associate a configured policy with a specified interface or logical interface group.

Verification



Run the show class-map command to check whether the class is successfully created and whether rules are successfully
matched.



Run the show policy-map command to check whether the policy is successfully created and whether the class and stream
behaviors are successfully bound.



Run the show mls qos interface command to check whether the interface is associated with the policy.



Run the show virtual-group command to check the interfaces in the logical interface group.



Run the show mls qos virtual-group command to check whether the logical interface group is associated with the policy.

Related Commands



Creating a class

Command

www.fs.com
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Parameter

class-map-name:Indicatesthe name of a classtobe created.The name cannot comprisemore than31 characters.

Description
Command

Global configuration mode

Mode
Usage Guide



-

Matching an ACL

Command

match access-group access-list-number

Parameter

access-list-number: Indicates the number of the ACL to be matched.

Description
Command

Class configuration mode

Mode
Usage Guide



-

Creating apolicy

Command

policy-map policy-map-name

Parameter

policy-map-name:Indicatesthename ofapolicytobecreated.The name cannot comprise morethan 31 characters.

Description
Command

Global configuration mode

Mode
Usage Guide



-

Associating a class

Command

class class-map-name

Parameter

class-map-name: Indicates the name of a class to be associated.

Description
Command

Policy configuration mode

Mode
Usage Guide



-

Binding the behaviors for modifying the CoS, DSCP and VID values of streams

Command

set { ip dscp new-dscp [with cos new-cos priority] | cos new-cos [priority | none-tos ] | vid new-vid }

Parameter

ip dscp new-dscp: Changes the DSCP value of streams to new-dscp, ranging from 0 to 63.

Description

withcos new-cospriority:Configures thequeuepriority(sameas priority).
cos new-cos: Changes the CoS value of streams to new-cos, ranging from 0 to 7.
Priority: Configures the queue priority but not the CoS value.
none-tos: Does not change the DSCP value of packets when changing the CoS value of the packets.
vid new-vid: Changes the VLAN ID of streams to new-vid, ranging from 1 to 4094.

Command

Class configuration mode

Mode
Usage Guide

The availability of command set ip dscp new-dscp with cos new-cos priority varies with the chip capability of
products.



Applying ACL
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Command

apply acl

Parameter
Description
Command

Class configuration mode

Mode
Usage Guide



Only one ACL can be applied in one policy, and the behavior takes effect according to the ACL.

Binding the bandwidth limit for streams and the action for processing packets out of the limit

Command

police rate-bps burst-byte [ exceed-action { drop | dscp new-dscp | cos new-cos [ none-tos ] } ]

Parameter

rate-bps: Indicates the bandwidth limit per second (KBits). The value range is determined by products.

Description

burst-byte: Indicates the burst traffic limit (Kbytes). The value range is determined by products.
drop: Discards packets out of the bandwidth limit.
dscp new-dscp: Changes the DSCP value of packets out of the bandwidth limit to new-dscp, ranging from 0 to 63.
cos new-cos: Changes the CoS value of packets out of the bandwidth limit to new-cos, ranging from 0 to 7.
none-tos: Does not change the DSCP value of packets when changing the CoS value of the packets.

Command

Class configuration mode

Mode
Usage Guide



-

Creating a logical interface group and adding interfaces to the logical interface group

Command

virtual-group virtual-group-number

Parameter

virtual-group-number: Indicates the logical interface group number, ranging from 1 to 128.

Description
Command

Create the logical interface group in the global configuration mode, add the interface to the logical interface group

Mode

in the interface configuration mode. If no logical interface group exists, you need to create a logical interfacegroup
first and then add interfaces to the logical interface group.

Usage Guide



-

Applying a policy to an interface

Command

service-policy { input | output } policy-map-name

Parameter

input: Indicates the input direction of the interface.

Description

output: Indicates the output direction of the interface.
policy-map-name: Indicates the name of the policy applied to the interface.

Command

Interface configuration mode/Global configuration mode/Logical port group mode

Mode
Usage Guide

-

Configuration Example



Creating four stream classes and matching ACL, IP PRE and DSCP

Configuration



Create ACL rules.

Steps



Create four stream classes and match ACL, IP PRE and DSCP.

FS# configureterminal

www.fs.com

1999

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

FS(config)# access-list 11 permit host 192.168.23.61
FS(config)# class-map cmap1
FS(config-cmap)#matchaccess-group11
FS(config-cmap)# exit

Verification



Check whether the created ACL rules and stream class rules are successful.

FS# show access-lists
ip access-list standard 11
10 permit host 192.168.23.61
FS# show class-map
Class Map cmap1
Match access-group 11

2.5.2 Configuring Priority Labeling and Mapping for Packets

Configuration Effect



Configure the trust mode and default CoS value of an interface.



Configure the CoS-to-DSCP and DSCP-to-CoS mappings.

Notes



Interface configurations allow for only AP and Ethernet interface configurations.

Configuration Steps



Configuring the trust mode and default CoS value of an interface



Optional.



In the interface configuration mode, configure the trust mode and default CoS value of an interface.



Configuring the CoS-to-DSCP and DSCP-to-CoS mappings



Optional.



Configure various mappings.

Verification



Run the show mls qos interface command to display the trust mode and default CoS value of the interface.



Run the show mls qos maps command to display the CoS-to-DSCP and DSCP-to-CoS mappings.

Related Commands



Configuring the trust mode of an interface

Command

www.fs.com
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Parameter

cos: Configures the trust mode of an interface to CoS.

Description

ip-precedence: Configures the trust mode of an interface to IP PRE.
dscp: Configures the trust mode of an interface to DSCP.

Command

Interface configuration mode

Mode
Usage Guide



-

Configuring the default CoS value of an interface

Command

mls qos cos default-cos

Parameter

default-cos: Configures the default CoS value, ranging from 0 to 7. The default value is 0.

Description
Command

Interface configuration mode

Mode
Usage Guide



-

Configuring CoS-to-DSCP MAP

Command

mls qos map cos-dscp dscp1…dscp8

Parameter

dscp1….dscp8: Indicates the DSCP values mapped to the CoS values. The default CoS values 0~7 are mapped to DSCP

Description

0, 8, 16, 24, 32, 40, 48 and 56 respectively. The DSCP value ranges from 0 to 63.

Command

Global configuration mode

Mode
Usage Guide



-

Configuring DSCP-to-CoS MAP

Command

mls qos map dscp-cos dscp-list to cos

Parameter

dscp-list: Indicates the DSCP list mapped to the CoS values. The default DSCP 0~7 are mapped to CoS 0, DSCP 8~15

Description

mapped to CoS 1, DSCP 16~23 mapped to CoS 2, DSCP 24~31 mapped to CoS 3, DSCP 32~39 mapped to CoS 4, DSCP
40~47 mapped to CoS 5, DSCP 48~55 mapped to CoS 6, and DSCP 56~63 mapped to CoS 7. The DSCP value ranges
from 0 to 63.
cos: Indicates the CoS values mapped to the dscp-list, ranging from 0 to 7.

Command

Global configuration mode

Mode
Usage Guide

-

Configuration Example



Configuring the trust mode and default CoS value of an interface

Configuration



Modify the trust mode of the interface gigabitEthernet 0/0 to DSCP.

Steps



Change the default CoS value of the interface gigabitEthernet 0/1 to 7.

FS# configure terminal
FS(config)# interface gigabitEthernet 0/0
FS(config-if-GigabitEthernet 0/0)# mls qos trust dscp
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FS(config-if-GigabitEthernet 0/0)# exit
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# mls qos cos 7
FS(config-if-GigabitEthernet 0/1)# exit

Verification



Check whether the trust mode and default CoS value are successfully configured for the interface.

FS# show mls qos interface gigabitEthernet 0/0
Interface: GigabitEthernet 0/0
Ratelimit input:
Ratelimit output:
Attached input policy-map:
Attached output policy-map:
Default trust: dscp
Default cos: 0
FS# show mls qos interface gigabitEthernet 0/1
Interface: GigabitEthernet 0/1
Ratelimit input:
Ratelimit output:
Attached input policy-map:
Attached output policy-map:
Default trust:none
Default cos: 7



Configuring the CoS-to-DSCP and DSCP-to-CoS mappings

Configuration



Configure CoS-to-DSCP to map CoS 0, 1, 2, 3, 4, 5, 6, and 7 to DSCP 7, 14, 21, 28, 35, 42, 49, and 56 respectively.

Steps



Configure DSCP-to-CoS to map DSCP 0, 1, 2, 3, and 4 to CoS 4 and DSCP 11, 12, 13 and 14 to CoS 7.

FS# configure terminal
FS(config)# mls qos map cos-dscp 7 14 21 28 35 42 49 56
FS(config)# mls qos map dscp-cos 0 1 2 3 4 to 4
FS(config)# mls qos map dscp-cos 11 12 13 14 to 7
Verification



Check whether all mappings are successfully configured.

FS# show mls qos maps cos-dscp
cos dscp
--- ----
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0

7

1

14

2

21

3

28

4

35

5

42

6

49

7

56

FS# show mls qos maps dscp-cos
dscp cos
---- ---

dscp cos
---- ---

dscp cos
-------

dscp cos

---- ---

0

4

1

4

2

4

3

4

4

4

5

0

6

0

7

0

8

1

9

1

10

1

11

7

12

7

13

7

14

7

15

1

16

2

17

2

18

2

19

2

20

2

21

2

22

2

23

2

24

3

25

3

26

3

27

3

28

3

29

3

30

3

31

3

32

4

33

4

34

4

35

4

36

4

37

4

38

4

39

4

40

5

41

5

42

5

43

5

44

5

45

5

46

5

47

5

48

6

49

6

50

6

51

6

52

6

53

6

54

6

55

6

56

7

57

7

58

7

59

7

60

7

61

7

62

7

63

7

2.5.3 Configuring Interface Rate Limit

Configuration Effect



Configure the traffic limit for an interface.

Notes



The configuration is supported only by Ethernet interfaces.

Configuration Steps

www.fs.com

2003

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring the traffic limit for an interface



Optional.



Configure the limit on the traffic and burst traffic for an interface.

Verification



Run the show mls qos rate-limit command to display the rate limit information about the interface.

Related Commands



Configuring the traffic limit for an interface

Command

rate-limit { input | output } bps burst-size

Parameter

input: Indicates the input direction of the interface.

Description

output: Indicates the output direction of the interface.
bps: Indicates the bandwidth limit per second (Kbits). The value range is determined by products.
burst-size: Indicates the burst traffic limit (Kbytes). The value range is determined by products.

Command

Interface configuration mode

Mode
Usage Guide

-

Configuration Example



Typical application – Interface rate limit + priority relabeling

Configuration



Steps

For Internet access by using the output interface, configure the output traffic limit on the interface G0/24, and
set the bandwidth limit to 102,400 Kbits per second and burst traffic limit to 256 Kbytes per second.



For the dormitory building, configure the input traffic limit on the interface G0/3, and set the bandwidth limit
to 51,200 Kbits per second and burst traffic limit to 256 Kbytes per second.



For the teaching building, configure the input traffic limit on the interface G0/1, and set the bandwidth limit to
30,720 Kbits per second and burst traffic limit to 256 Kbytes per second.



For the laboratory, create the class cmap_dscp7 to match DSCP priority 7, create the policy pmap_shiyan to
associate with cmap_dscp7, bind the stream behavior of changing the DSCP value for packets whose rates
exceed 20M to 16, apply pmap_shiyan to the interface G0/2, and configure the interface to trusting DSCP.

FS# configure terminal
FS(config)# interface gigabitEthernet 0/24
FS(config-if-GigabitEthernet 0/24# rate-limit output 102400 256
FS(config-if-GigabitEthernet 0/24)# exit
FS(config)# interface gigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/3# rate-limit input 51200 256
FS(config-if-GigabitEthernet 0/3)# exit
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1# rate-limit input 30720 256
FS(config-if-GigabitEthernet 0/1)# exit
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FS(config)# class-map cmap_dscp7
FS(config-cmap)#matchipdscp7
FS(config-cmap)# exit
FS(config)# policy-map pmap_shiyan
FS(config-pmap)# class cmap_dscp7
FS(config-pmap-c)# police 20480 128 exceed-action dscp 16
FS(config-pmap-c)# exit
FS(config-pmap)# exit
FS(config)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2# service-policy input pmap_shiyan
FS(config-if-GigabitEthernet 0/2)# mls qos trust dscp
FS(config-if-GigabitEthernet 0/2)# exit

Verification



Check whether the interface rate limit is successfully configured.



Check whether the class and policy are successfully created and successfully applied to the interface.

FS# show mls qos rate-limit
Interface: GigabitEthernet 0/1
rate limit input Kbps = 30720 burst = 256
Interface: GigabitEthernet0/3
rate limit input Kbps = 51200 burst = 256
Interface: GigabitEthernet0/24
rate limit output Kbps = 102400 burst = 256
FS# show class-map cmap_dscp7

Class Map cmap_dscp7
Match ip dscp 7
FS# show policy-map pmap_shiyan

Policy Map pmap_shiyan
Classcmap_dscp7
police 20480 128 exceed-action dscp 16
FS# show mls qos interface gigabitEthernet 0/2
Interface: GigabitEthernet0/2
Ratelimit input:
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Ratelimit output:
Attached input policy-map: pmap_shiyan
Attached output policy-map:
Default trust: dscp
Default cos: 0

2.5.4 Configuring Congestion Management

Configuration Effect



Configure the CoS-to-queue mapping.



Configure the scheduling policy and round robin weight for an output queue.



Configure the guaranteed minimum bandwidth and limited maximum bandwidth for a queue.



Enables the queue ECN function.

Notes



Interface configurations allow for only AP and Ethernet interface configurations.



Both the ECN and WRED functions must be configured to enable the queue ECN function.

Configuration Steps



Configuring the CoS-to-unicast and CoS-to-multicast mappings



Optional.



Configure the CoS-to-queue mappings. On products supporting multicast queues, you can configure the CoS-to-multicast
queue mapping.



Configuring the scheduling policies and round robin weight for unicast and multicast output queues



Optional.



Configure the scheduling policy for an output queue and modify the round robin weight. On products supporting multicast
queues, you can configure the scheduling policies and round robin weights for multicast queues.



Configuring the guaranteed minimum bandwidth and limited maximum bandwidth for a queue



Optional.



Configure the guaranteed minimum bandwidth and limited maximum bandwidth for a queue.



Support global configuration mode and interface configuration mode. Function that these two modes support is different.



Enabling the queue ECN



Optional.



Enable the queue ECN function.

Verification



Run the show mls qos queueing command to display the output queue information.
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Run the show mls qos scheduler command to display the scheduling policy for the output queue.



Run the show qos bandwidth command to display the queue bandwidth.

Related Commands



Configuring CoS-to-Queue MAP

Command

priority-queue cos-map qid cos0 [ cos1 [ cos2 [ cos3 [ cos4 [ cos5 [ cos6 [ cos7 ] ] ] ] ] ] ]

Parameter

qid: Indicates the queue ID to be mapped, ranging from 1 to 8.

Description

cos0~cos7: Indicates the CoS values to be mapped to the qid. The default CoS values 0~7 are mapped to queues 1~8.
The value range is 0 to 7.

Command

Global configuration mode

Mode
Usage Guide



-

Configuring the scheduling policy for an output queue to SP

Command

priority-queue

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide



-

Configuring the scheduling policy for an output queue

Command

mls qos scheduler { sp | rr | wrr | drr | wfq }

Parameter

sp: Sets the scheduling algorithm for an output queue to SP.

Description

rr: Sets the scheduling algorithm for an output queue to RR.
wrr: Setsthescheduling algorithmfor an output queue toWRR.
drr: Sets the scheduling algorithm for an output queue to DRR.
wfq: Setsthe scheduling algorithmfor an output queue toWFQ.

Command

Global/Interface configuration mode

Mode
Usage Guide



-

Configuring the scheduling policy and round robin weight for an output queue

Command

{ drr-queue | wrr-queue | wfq-queue } bandwidth weight1...weight8

Parameter

drr-queue: Configures the round robin weight corresponding to the DRR scheduling policy for an output queue.

Description

wrr-queue: Configures the round robinweight corresponding to theWRRscheduling policy for an output queue.
wfq-queue: Configures the round robin weight corresponding totheWFQscheduling policy for an output queue.
weight1...weight8: Indicatestheweightof queues 1to8.The value range isdetermined byproducts.The value 0
indicates that the queue uses the SP scheduling algorithm. The default weight for global/interface queues is 1:1.

Command

Global/Interface configuration mode

Mode
Usage Guide



-

Configuring the guaranteed minimum bandwidth and limited maximum bandwidth for a queue
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Command

qos queue [ ucast | mcast ] queue-id bandwidth { minimum | maximum } bandwidth

Parameter

queue [ ucast | mcast ]: queue ucast configures the guaranteed minimum bandwidth or limited maximum

Description

bandwidth for devices that allow for configuring the unicast queue bandwidth limit; queue mcast configures the
guaranteed minimum bandwidth or limited maximum bandwidth for devices that allow for configuring the multicast
queue bandwidth limit; queue configures the guaranteed minimum bandwidth or limited maximum bandwidth for
devices that allow for configuring both the unicast and multicast queue bandwidth limits.
queue-id: Indicates the queue ID to be configured, ranging from 1 to 8.
minimumbandwidth:IndicatestheguaranteedminimumbandwidthKbps.Thevaluerangeisdeterminedby
products. It is not configured by default.
maximumbandwidth: Indicates the limited maximum bandwidth Kbps. The value range is determined by products.
It is not configured by default.

Command

Interface/Global configuration mode

Mode
Usage Guide



-

Enabling the queue ECN

Command

qos queue queue-id ecn

Parameter

queue-id: ID of the queue. Range: 1 to 8.

Description
Command

Interface configuration mode

Mode
Usage Guide

Both the ECN and WRED functions must be configured to enable the queue ECN function.

Configuration Example



Configuring the CoS-to-queue mapping and modifying the scheduling policy and its round robin weight

Configuration



Steps

Configure the CoS-to-queue mapping to the mapping from the CoS values 0, 1, 2, 3, 4, 5, 6, and 7 to queues 1,
2, 5, 5, 5, 5, 7, and 8.



Configure the output scheduling policy for a queue to DRR and the round robin weight to 2:1:1:1:6:6:6:8.

FS# configure terminal
FS(config)#priority-queue cos-map1255 557 8
FS(config)# mls qos scheduler drr
FS(config)# drr-queue bandwidth 2 1 1 1 6 6 6 8

Verification



Check whether the CoS-to-queue mapping is successfully created, and whether the output scheduling policy
and round robin weight are successfully configured for the queue.

FS# show mls qos scheduler
Global Multi-Layer Switching scheduling
Deficit Round Robin
FS# show mls qos queueing
CoS-to-queue map:
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cos qid
--- --0

1

1

2

2

5

3

5

4

5

5

5

6

7

7

8

wrr bandwidth weights:
qid weights
--- ------1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

drr bandwidth weights:
qid weights
--- -------
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wfq bandwidth weights:
qid weights
----------



1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

Enabling the queue ECN

Configuration
Steps



Enables ECN on queue 1 of interface gigabitEthernet 0/1.

FS# configure terminal
FS(config)# queueing wred
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# qos queue 1 ecn
FS(config-if-GigabitEthernet 0/1)# exit

Verification





Run the show run command to check the result.

Typical application – Priority relabeling + queue scheduling

Configuration



Create ACLs for accessing various servers and create classes for matching these ACLs.

Steps



Createpoliciesfor associatingwiththe classesand specifynew CoSvalues for packetsaccessingvarious
servers. Associate the CoS values with the input interfaces for the R&D and market departments and configure
the interfaces to trusting CoS.



Configure the default CoS value for the HR management department interface to the highest priority 7 to
ensure that packets from the HR management department are sent in the highest priority.



Configuretheoutput schedulingpolicytoWRandtheroundrobinweight to1:1:1:2:6:1:1:0 forthequeues.This
means that the SP scheduling algorithm is used for packets of the HR management department, and the
packetsof theR&D and marketdepartmentsfor accessingthe maildatabase,file databaseand salaryquery
database are scheduled based on the ratio of 6:2:1.
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FS# configure terminal
FS(config)# ip access-list extended salary
FS(config-ext-nacl)# permit ip any host 192.168.10.1
FS(config-ext-nacl)# exit
FS(config)# ip access-list extended mail
FS(config-ext-nacl)# permit ip any host 192.168.10.2
FS(config-ext-nacl)# exit
FS(config)# ip access-list extended file
FS(config-ext-nacl)# permit ip any host 192.168.10.3
FS(config-ext-nacl)# exit
FS(config)# class-map salary
FS(config-cmap)# match access-group salary
FS(config-cmap)# exit
FS(config)# class-map mail
FS(config-cmap)# match access-group mail
FS(config-cmap)# exit
FS(config)# class-map file
FS(config-cmap)# match access-group file
FS(config)# policy-map toserver
FS(config-pmap)# class mail
FS(config-pmap-c)# set cos 4
FS(config-pmap-c)# exit
FS(config-pmap)# class file
FS(config-pmap-c)# set cos 3
FS(config-pmap-c)# exit
FS(config-pmap)# class salary
FS(config-pmap-c)# set cos 2
FS(config-pmap-c)# end
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# service-policy input toserver
FS(config-if-GigabitEthernet 0/1)# mls qos trust cos
FS(config-if-GigabitEthernet 0/1)# exit
FS(config)# interface gigabitEthernet 0/2
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FS(config-if-GigabitEthernet 0/2)# service-policy input toserver
FS(config-if-GigabitEthernet 0/2)# mls qos trust cos
FS(config-if-GigabitEthernet 0/2)# exit
FS(config)# interface gigabitEthernet 0/3
FS(config-if-GigabitEthernet 0/3)# mls qos cos 7
FS(config)#wrr-queue bandwidth 1 1 1 2 6 1 1 0
FS(config)#mls qos scheduler wrr

Verification



Check whether the ACLs are successfully created and whether the classes are successfully associated with the
ACLs.



Check whether the policies are successfully created, whether the classes and stream behaviors are successfully
bound, and whether policies are successfully applied to the interfaces.



Check whether the default CoS value is successfully configured for the interface and whether the scheduling
policy and the round robin weight are successfully configured.

FS# show access-lists

ip access-list extended file
10 permit ip any host 192.168.10.3

ip access-list extended mail
10 permit ip any host 192.168.10.2

ip access-list extended salary
10 permit ip any host 192.168.10.1
FS# show class-map

Class Map salary
Match access-group salary
Class Map mail
Match access-group mail
Class Map file
Match access-group file
FS# show policy-map
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Policy Map toserver
Class mail
set cos 4
Class file
set cos 3
Class salary
set cos 2
FS# show mls qos interface gigabitEthernet 0/1
Interface: GigabitEthernet 0/1
Ratelimit input:
Ratelimit output:
Attached input policy-map: toserver
Attached output policy-map:
Default trust: cos
Default cos: 0
FS# show mls qos interface gigabitEthernet 0/2
Interface: GigabitEthernet 0/2
Ratelimit input:
Ratelimit output:
Attached input policy-map: toserver
Attached output policy-map:
Default trust: cos
Default cos: 0
FS# show mls qos interface gigabitEthernet 0/3
Interface: GigabitEthernet 0/2
Ratelimit input:
Ratelimit output:
Attached input policy-map:
Attached output policy-map:
Default trust:none
Default cos: 7
FS# show mls qos scheduler
Global Multi-Layer Switching scheduling
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Weighted Round Robin
FS# FS#show mls qos queueing
CoS-to-queue map:
cos qid
--- --0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

wrr bandwidth weights:
qid weights
--- ------1

1

2

1

3

1

4

2

5

6

6

1

7

1

8

0

drr bandwidth weights:
qid weights
--- -------
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6

1

7

1

8

1

wfq bandwidth weights:
qid weights
---------1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

2.5.5 Configuring Congestion Mitigation

Configuration Effect



Configure thelower and higher thresholdvalue forWRED.Whenthe length of packetsin aqueue issmallerthan the lower
threshold value, WRED does not discard packets.



Configure the maximum discarding probability.When the length of packets in the queue is between the lower and higher
thresholdvalues,WREDdiscards packets inrandom. The maximum probability for discarding packetsis configured.



Configure the CoS-to-threshold mapping.

Notes



Interface configurations allow for only AP and Ethernet interface configurations.

Configuration Steps



Enabling the WRED function



Optional.



Enable the WRED function if necessary.



Configuring the lower threshold value



Optional.



Configure the lower threshold value if necessary.
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Configuring the higher threshold



Optional.



Configure the higher threshold if necessary.



Configuring the maximum discarding probability



Optional.



Configure the maximum discarding probability if necessary.



Adjusting the average queue length for discarding probability



Optional.



Configure the sampling interval and weight of the average queue length if necessary.



Configuring the CoS-to-threshold mapping



Optional.



Configure the CoS-to-threshold mapping if necessary.

Verification



Run the show queueing wred interface command to display the WRED configuration.



Run the show qos wred-ecn statistics command to display the statistics of packets discarded by WRED and packets marked by
ECN.

Related Commands



Enabling the WRED function

Command

queueing wred

Parameter

-

Description
Command

Global configuration mode

Mode
Usage Guide



-

Configuring the lower threshold (in the unit of percentage)

Command

wrr-queue random-detect min-threshold queue_id thr1 [ thr2 ]

Parameter

queue_id: Indicates the queue ID for an interface, ranging from 1 to 8.

Description

thrN: Supports 2 groups of lower thresholds, ranging from 1 to the specified higher threshold.

Command

Interface configuration mode

Mode
Usage Guide

Because the maximum value of the configuration range is equal to the current higher threshold, you need to pay
attention to the setting of the higher threshold when configuring the lower threshold.
The threshold for packets to be discarded by WRED can be configured in the unit of percentage or cell. The latter
configured mode prevails.



Configuring the higher threshold (in the unit of percentage)
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Command

wrr-queue random-detect max-threshold queue_id thr1 [ thr2 ]

Parameter

queue_id: Indicates the ID of a queue on an interface, ranging from 1 to 8.

Description

thrN: Supports 2 groups of higher thresholds, ranging from the specified lower threshold to 100.

Command

Interface configuration mode

Mode
Usage Guide

Because the minimum value of the configured range is equal to the current lower threshold, you need to consider
the lower threshold when configuring the higher threshold.
The threshold for packets to be discarded by WRED can be configured in the unit of percentage or cell. The latter
configured mode prevails.



Configuring the lower threshold (in the unit of cell)

Command

wrr-queue random-detect cell min-threshold queue_id thr1 [ thr2 ]

Parameter

queue_id: Indicates the ID of a queue on an interface, ranging from 1 to 8.

Description

thrN: Supports 2 groups of lower thresholds, ranging from1 to the specifiedhigher threshold.
The default value is determined by products.

Command

Interface configuration mode

Mode
Usage Guide

Whether this command is available is determined by products.
Because the maximum value of the configuration range is equal to the current higher threshold, you need to pay
attention to the setting of the higher threshold when configuring the lower threshold.
The threshold for packets to be discarded by WRED can be configured in the unit of percentage or cell. The latter
configured mode prevails.



Configuring the higher threshold (in the unit of cell)

Command

wrr-queue random-detect cell max-threshold queue_id thr1 [ thr2 ]

Parameter

queue_id: Indicates the ID of a queue on an interface, ranging from 1 to 8.

Description

thrN: Supports 2 groups of higher thresholds, ranging from the set lower threshold to the maximum higher
threshold.
The default value is determined by products.

Command

Interface configuration mode

Mode
Usage Guide

Whether this command is available is determined by products.
Because the minimum value of the configuration range is equal to the current lower threshold, you need to consider
the lower threshold when configuring the higher threshold.
The threshold for packets to be discarded by WRED can be configured in the unit of percentage or cell. The latter
configured mode prevails.



Configuring the maximum discarding probability

Command
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Parameter

queue_id: Indicates the queue ID for an interface, ranging from 1 to 8.

Description

probN: Supports 2 groups of maximum discarding probabilities, ranging from 1 to 100.

Command

Interface configuration mode

Mode
Usage Guide



-

Adjusting the average queue length for discarding probability – sampling weight

Command

wrr-queue random-detect sample-weight queue_id weight

Parameter

queue_id: Indicates the ID of a queue on an interface, ranging from 1 to 8.

Description

weight: Indicates the weight factor, ranging from 0 to 15. The value range may vary with products.

Command

Interface configuration mode

Mode
Usage Guide

Whether this command is available is determined by products.
Because the configured sampling interval takes effect on the discarding function of WRED in interface configuration
mode, it is recommended to configure the sampling interval after the higher and lower thresholds for packets to be
discarded byWRED. Usethis command together with the sampling interval configuration command for packets tobe
discarded by WRED, to precisely adjust the discarding function of WRED.



Configuring the CoS-to-threshold mapping

Command

wrr-queue cos-map threshold_id cos1 [ cos2 [ cos3 [ cos4 [ cos5 [ cos6 [ cos7 [ cos8 ] ] ] ] ] ] ]

Parameter

threshold_id: Indicates the threshold group ID, ranging from 1 to 2. Two threshold groups are supported.

Description

cos1…cos8:IndicatestheCoSvaluestobemappedtothethresholdgroup,rangingfrom0to7.Bydefault,allCoS
values are mapped to the first threshold group.

Command

Interface configuration mode

Mode
Usage Guide

-

Configuration Example



Enabling the WRED function and configuring the lower threshold value, maximum discarding probability, and the
CoS-to-threshold mappings (assuming that there are 2 groups of threshold values for a product)

Configuration



Enable the WRED function.

Steps



Configure the lower threshold values for queue 2 of the interface gigabitEthernet 0/2 to 10 and 20.



Configure the higher threshold values for queue 2 of the interface gigabitEthernet 0/2 to 60 and 90.



Configure the maximum discarding probabilities for queue 2 of the interface gigabitEthernet 0/2 to 60 and 80.



Configure the CoS values 0, 1, 2, and 3 on the interface gigabitEthernet 0/2 to use the threshold group 2.

FS# configure terminal
FS(config)# queueing wred
FS(config)# interface gigabitEthernet 0/2
FS(config-if-GigabitEthernet 0/2)# wrr-queue random-detect min-threshold 2 10 20
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FS(config-if-GigabitEthernet 0/2)#wrr-queue random-detect max-threshold 2 60 90
FS(config-if-GigabitEthernet 0/2)# wrr-queue random-detect probability 2 60 80
FS(config-if-GigabitEthernet 0/2)# wrr-queue random-detect probability 2 60 80
FS(config-if-GigabitEthernet 0/2)# wrr-queue cos-map 2 0 1 2 3

Verification



Checkwhether theWREDfunctionisenabled, whether thethreshold valuesare successfullyconfigured, and
whether the CoS-to-threshold mapping is successfully configured.

FS# show running-config

Building configuration...
Current configuration : 1654 bytes

version 11.0(1C2B1)(09/11/13 00:16:26 CST -ngcf78)
queueing wred

FS# show queueing wred interface gigabitEthernet 0/2
--- --------- ---------- ----- ----- ------ --------- ---------- ----- ----- -----qid max_cell_1 min_cell 1 max_1 min_1 prob_1 max_cell_2 min_cell 2 max_2 min_2 prob_2
--- --------- ---------- ----- ----- ------ --------- ---------- ----- ----- -----1

120000

120000

0

0

0

120000

120000

1

1

1

2

120000

120000

60

10

60

120000

120000

90

20

80

3

120000

120000

0

0

0

120000

120000

1

1

1

4

120000

120000

0

0

0

120000

120000

1

1

1

5

120000

120000

0

0

0

120000

120000

1

1

1

6

120000

120000

0

0

0

120000

120000

1

1

1

7

120000

120000

0

0

0

120000

120000

1

1

1

8

120000

120000

0

0

0

120000

120000

1

1

1

--- --- -----------cos qid threshold_id
--- --- ------------
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2

5

2

3

5

2

4

5

1

5

5

1

6

7

1

7

8

1



Check the packets discarded by WRED and packets marked by ECN.

Products do not support port queue statistics display:

FS#show qos wred-ecn statistics
Wred ecn stats result:
Port

WredDropped

EcnSended

-----------------------------------------------------------------TFGigabitEthernet 0/1

0

0

TFGigabitEthernet 0/2

0

0

TFGigabitEthernet 0/3

0

0

TFGigabitEthernet 0/4

0

0

TFGigabitEthernet 0/5

0

0

TFGigabitEthernet 0/6

0

0

TFGigabitEthernet 0/7

0

0

TFGigabitEthernet 0/8

0

0

TFGigabitEthernet 0/9

0

0

TFGigabitEthernet 0/10

0

0

TFGigabitEthernet 0/11

0

0

TFGigabitEthernet 0/12

0

0

Products support port queue statistics display:
FS#show qos wred-ecn statistics
Wred ecn stats result:
port

WredDropped

EcnSended

--------------------------------------------------------------GigabitEthernet 0/3

www.fs.com

10

15

Queue 1:

1

2

Queue 2:

1

2

Queue 3:

1

2

2020

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Queue 4:

1

2

Queue 5:

1

2

Queue 6:

1

2

Queue 7:

1

2

Queue 8:

3

1

TenGigabitEthernet 0/32

10

15

Queue 1:

1

2

Queue 2:

1

2

Queue 3:

1

2

Queue 4:

1

2

Queue 5:

1

2

Queue 6:

1

2

Queue 7:

1

2

Queue 8:

3

1

2.5.6 Configuring Queue Display and Configuration Mode

Configuration Effect



Configure the queue display and configuration mode to change the display and configuration mode of all queues on the device
from 1–8 to 0–7.

Notes



After the queue display and configuration mode is configured, the configured queue-related commands change automatically.

Configuration Steps



Setting the queue display and configuration mode to 0–7



Optional.



Set the queue display and configuration mode to 0–7 if necessary.

Verification



Run the show running-config command to display the configurations.

Related Commands



Setting the queue display and configuration mode to 0–7

Command

qos-queue compatible enable

Parameter

N/A

Description
Command
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Mode
Usage Guide

N/A

Configuration Example



Setting the queue display and configuration mode to 0–7

Configuration
Steps



Enable global QOS.

FS# configure terminal
FS(config)# qos-queue compatible enable

Verification



Check whether the the configuration succeeded.

FS# show running-config

Building configuration...
Current configuration : 1654 bytes

version 11.0(1C2B1)(09/11/13 00:16:26 CST -ngcf78)

2.5.7 DisablingPacket Priority Modification

Configuration Effect



After packet priority modification is disabled, the priority of a packet when it is sent out from a device is the same as that when
the packet is sent to the device.

Notes
Configuration Steps



Disabling packet priority modification



Optional.



To ensure that the priority of a packet when it is sent out from a device is the same as that when it is sent to the device, disable
packet priority modification.

Verification



Run the show running-config command to display the configurations.

Related Commands



Disabling packet priority modification
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Command

mls qos remark disable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Disabling packet priority modification

Configuration
Steps



Disable packet prioritymodification.

FS#configure terminal
FS(config)#mls qos remark disable

2.6 Monitoring
Clearing
Description

Command

Clear the statistics of packets discarded

clear qos wred-ecn statistics [ interfaces interface-id ]

by WRED and packets marked by ECN.

For some products not supporting this command, run the clear queue-counter
[ interfaces interface-id ] command.

Displaying
Description

Command

Displays stream classification

show class-map [ class-map-name ]

information.
Displays QoS policy information.

show policy-map [ policy-map-name [ class class-map-name ] ]

Displays the policy applied to an

show policy-map interface interface-id

interface.
Displays logical interface group

show virtual-group [ virtual-group-number | summary]

information.
Displays the policy applied to a logical

show mls qos virtual-group [ virtual-group-number | policers ]

interface group.
Displays various mappings.

show mls qos maps [ cos-dscp | dscp-cos | ip-prec-dscp ]

Displays interface rate limit information. show mls qos rate-limit [ interface interface-id ]
Displays the QoS queue, scheduling

show mls qos queueing [ interface interface-id ]

policy and round robin weight
information.
Displays the scheduling information of

show mls qos scheduler [ interface interface-id ]

an output queue.
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Description

Command

Displays the configurations of WRED.

show queueing wred interface interface-id

Displays the QoS information of an

show mls qos interface interface-id [ policers ]

interface.
Displays the bandwidth information of

show qos bandwidth [ interfaces interface-id ]

an interface.
Display the statistics of packets

show qos wred-ecn statistics [ interfaces interface-id ]

discarded by WRED and packets marked
by ECN.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the QoS library.

debug qos lib [ event | message ]

Debugs theQoS communicationserver.

debug qos server [ event | message ]

Debugs QoS user command processing.

debug qos mls

Debugs VMSUP configurations.

debug qos vmsup
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3Configuring MMU
3.1 Overview
The Memory Management Unit (MMU) means that thechip buffer is distributed reasonably sothat theswitching equipment can
better deal with all kinds of burst flows.
Flows not steady all the time and various burst flows exist on the network. When the network flow is steady and the bandwidth is
sufficient, all the data flows are processed better; when burst flows exist on the network, data flows may be discarded even if the
average flow rate does not exceed the bandwidth.
Data packets that enter the switching equipment are stored in the buffer of switching equipment before being forwarded. Normally,
data packets stay for a short period of time in the buffer and will be forwarded in microseconds; when there is a burst flow, if the
instantaneous rate of burst flow exceeds the processing capacity of the switching equipment, the data packets that cannot be
processed in time will be piled up in the switching equipment and packet loss will take place once the buffer is insufficient. In this case,
the MMU can be used to reasonably configure the buffer and allocate different buffer sizes to respective services, with a view to
optimizing the network.

3.2 Applications
Application

Description

Configuring Large Buffer Application

An enterprise needs a buffer laFSe enough in the SkyDrive service to avoid packet loss for the

Based on Egress Queue

service flow.

Configuring Large Buffer Application

An enterprise needs to ensure no package loss in RDMA scenario. When the buffer reaches the

Based on Ingress PG

threshold, PAUSE frame based on PFC mechanism should be generated to ensure no package
loss.

3.2.1 ConfiguringLarge Buffer Application Based on EgressQueue

Scenario
An enterprise needs a buffer laFSe enough in the SkyDrive service to avoid packet loss for the service flow.
Asshowninthefollowingfigure,equipmentAisconnectedto5clients and35service servers,where15serviceserversvirtualize15
front end servers.
The main service flow is as follows:



The client server sends a request packet to the front end server.



The front end server sends the received request packet to the service server.



After receiving the request packet, the service server sends a response packet to the front end server.



After receiving the response packet, the front end server sends it to the client server.



After receiving the response packet, the client indicates that a session is created successfully.

A many-to-one flow transmission mode exists under this service model:



The request flows of multiple clients are sent to one front end server.



The request flows of multiple front end servers are sent to one service server.

www.fs.com

2025

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



The response flows of multiple service servers are sent to one front end server.



The response flows of multiple front end servers are sent to one client.

TheseflowsaretransmittedthroughequipmentAbasically,easilyleadingtonetworkcongestion.Suchaproblemcanbefixedby
configuring a large buffer on the equipment.
Figure 3-1

Deployment



In all the service ports (namely, the ports connecting clients to servers), configure the shared buffer of the queue where the
service is as 100%.



In all the service ports, configure the minimum value for the guaranteed buffer of the queue not in use.



In all the ports not in use, configure the minimum value for the guaranteed buffers of all the queues.
For the specific configuration, see the configuration examples in "Configuration".

3.2.2 Configuring Large Buffer Application Based on Ingress PG

Scenario
A large enterprise needs to ensure no package loss in the data center. There are three kinds of flow in the data center:



Storage flow: no package loss.



High-performance computing flow: low delay.



Ethernet flow: package loss and delay are allowed.

Thetraditional datacenterimplementsthreenetworksfor different flows,as shown below:
Figure 3-1
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As the center scale expands, Ethernet is applied to take three kinds of flow and more mechanism is added so that it can meet different
requirements, and storage package will not lose and have no effect on other 2 flows based on PFC (Priority-based Flow Control) of
ingress PG.
Deployment



Map RDMA flow to a PG.



Enable PFC on the PG to ensure no package loss of the flow.



Configure xon/xoff threshold on the PG to generate flow control frame.



For the PG not enabling PFC, the PG shared threshold should be higher than the egress threshold to ensure no packet loses on
the ingress.



For the PG enabling PFC, PG XOFF buffer threshold should be lower than the egress threshold to perform PFC function.
For more specific configuration, see Configuration Examples in Configuration.

3.3 Features
Basic Concepts



Cell

Cell is a buffer unit, i.e., the minimum unit for the switching equipment to store packets.The size of each cell varies with the product.
One packet can use multiple cells, while one cell can be used by only one packet.



Priority group (PG)

For the sake of better buffer management, BCM chip offers 8 PGs on the ingress direction for independent buffer management.
Packetswithdifferent priorities(0-7)canbe mappedtodifferent PGsor onePG, soastoprovide differentbufferallocationscheme for
packets with different priorities.



Egress queue
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Port egress queues areclassified intounicast queues and multicast queues. Logicallythe switchingchip isdivided into theingress
(incoming direction) and egress (outgoing direction). The egress queue is in the egress direction. Before packets go out of the egress,
the enqueue operation needs to be performed for them at the egress queue. Some of our products implement buffer management
based on the egress queue.\
Figure 3-2

Currently there are three types of egress queue models:



There are 8 unicast queues and 8 multicast queues at the egress. The well-known unicast packets follow the unicast queue, and
all the other packets follow the multicast queue.



There are 8 unicast queues and 4 multicast queues at the egress. The well-known unicast packets follow the unicast queue, and
all the other packets follow the multicast queue.



There are only 8 queues at the egress, without differentiating unicast and multicast.

Overview
Feature

Description

Buffer Adjustment

The buffer is adjusted based on the queue, PG and service pool. It is the foundation of MMU.

Statusr Monitoring

Status monitoring actually means monitoring the buffer use, and the number and rate of packets
forwarded/discarded by the queue, which facilitates buffer adjustment.

Exception Alarm

Exception alarm analyses the device buffer and forwarding status, and displays the alarm when an exception
occurs.

3.3.1 Configuring Buffer Adjustment

Bufferadjustment meansthat the queue of eachservicehas differentbuffer sizes through some adjustment of the queuebuffer so
that each service is treated differently and services at different priorities are served differently.
Working Principle



Working mechanism of caching in hardware

Buffer adjustment means that the queue of each service has different buffer availability through some adjustment of the chip buffer
so that each service is treated differently and services at different priorities are served differently.

Figure 3-3
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During buffer management, the input direction is adjusted to the maximum value to prevent packet loss in the input direction and
make packet loss take place in the output direction. Therefore, adjustment is not opened for the buffer in the input direction, and CLI
provides buffer adjustment in the output direction only, including the queue guaranteed buffer and queue shared buffer. Buffer
adjustment configures the guaranteed buffer threshold and shared buffer threshold of queues to allocate different buffer sizes to
queues.



Guaranteed buffer

Guaranteed buffer is also calledexclusive buffer.This part of buffer isdistributed based on each queue. The guaranteed buffer of a
queuecan be used by this queue only. Afixed guaranteed buffer is allocated toeach queue by default.This part of queue enables this
queue to forward packets at the normal line rate under the stable flow.



Shared buffer

In the total buffer of port group, the remaining part is the total shared buffer after the global guaranteed buffer and global headroom
are deducted. The shared buffer can be allocated to one or several service pools. There is only one service pool (SP0) by default. On
the input/output, a new shared service pool can be established by dividing room from SP0, and the mapping relationship between
the input PG/output queue and the shared service pool can be configured respectively. A shared queue threshold can be set for each
queue or PG. This threshold restricts the maximum shared buffer quantity that can be used by this queue. When the shared buffer
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sum configured for each queue in the port group exceeds the total shared queue of port group, the "First Come First Served" buffer
occupancy mechanism isadopted.



Headroom buffer

Headroom is the buffer on the ingress direction. PG that is enabled with flow control function will enter XOFF status after the
guaranteeandsharedbufferrunsout.Toreceivepackets,itneedstouseheadroombuffer.Headroomisusedtoensurenopacketloss
during the buffer flow control packet is sent and the rate decreases.
3.3.2 Configuring Status Monitoring

Status monitoring implements monitoring on the buffer use and the packet forwarding of each PG/queue, with a view to providing
data support for network optimization and reasonable buffer configuration.
Working Principle
Status monitoring adopts the polling mode to read the buffer use amount and the number of packets forwarded/discarded by the
queue, so as to display the equipment situation in real time.



Buffer Occupancy on Ingress

Collecttheinformationof useof PGguaranteed/shared/headroombuffer ontheingressdirectionand thebufferoccupancy ofservice
pool at the fixed time, which can be checked by CLI, MIB or other methods.



Buffer Occupancy on Egress

CollecttheinformationofuseofPGguaranteed/shared/headroombufferon theegressdirectionand thebufferoccupancyofservice
pool at the fixed time, which can be checked by CLI, MIB or other methods.



Packet Forwarding/Discarding of Egress Queue

Collectthe information of the number and byte of packets forwarded/discardedby the egress queue, and calculatethe forwarding
rate at the fixed time, which can be checked by CLI, MIB or other methods.



Buffer monitoring data sampling interval

Buffered monitoring data is sampled at a certain interval, and the interval can be configured based on user requirements.



Slice ID Numbering Mode of MMU Buffer

Configure the numbering mode of slice ID (start from 1 or 0), and switch the numbering mode of CLI/MIB.

3.3.3 Configuring Exception Alarm

Exceptionalarmmonitorsthepacketforwardinganddiscardingofeachqueue,anddisplaysalarmswhenthebufferexceeds
threshold or packet loses.
Working Principle
The queue adoptsthe polling mode toread buffer occupancy and forwarding number of queue, and offers alarms by syslog based on
the current configuration.



Queue packet loss alarm
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The device analyzes statistics on discarded packets to judge whether packet loss occurs on a queue. After packet loss occurs on a
queue, the device displays a packet loss alarm according to the packet loss alarm configuration.



Queue packet loss alarm frequency

Only N packet loss alarms can be displayed within a certain period of T. You can configure the period (T) and number of alarms (N) to
adjust the display of packet loss alarms.



PG buffer utilization alarm threshold

When the buffer utilization of PG exceeds this threshold, syslog will be printed to remind the user.



Queue buffer utilization alarm threshold

When the buffer utilization of queue exceeds this threshold, syslog will be printed to remind the user.



MMU-HA buffer crash detection

The buffer management unit of chip may crash unexpectedly at runtime. MMU-HA analyzes buffer occupancy, queue forwarding,
scheduling mode etc. to judge whether crash occurs. If crash occurs, it will display an alarm by syslog and the device will automatically
restart.

3.4 Configuration
Configuration

Description and Command
(Optional) It is used to configure buffer.

Buffer Adjustment

mmu queue-guarantee

Configures guaranteed buffer.

mmu queue-threshold

Configures shared buffer.

mmu buffer-mode

Configures buffer mode.

mmu ingress-threshold

Configures ingress PG shared buffer.

mmu xoff-threshold

Configures ingress PG flow control threshold.
Configures ingress PG flow control restoration

mmu xon-threshold-offset

threshold.

mmu headroom-threshold

Configures the PG-based headroom buffer size.

mmu pg-headroom

Configures the global headroom buffer size.

mmu guarantee-limit

Configures the global guaranteed buffer size.

mmu {ingress | egress} service-pool

Configures the ingress/egress SP size.

mmu

{priority-group

|

unicast-queue

|

Configures the mapping relation between ingress

multicast-queue } {id1[id2[idN]]} attach

PG/egress unicast/egress multicast and SP.

mmu cut-through

Configures cut-through transmission mode

(Optional) It is used to configure monitoring function.
Status Monitoring
mmu sample-period
mmu slice-id compatible
Exception Alarm
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mmu usage-warn-limit

Configures the buffer utilization alarm threshold.

mmu queue-loss-warn {unicast| multicast}

Configures the queue packet loss alarm.

mmu queue-loss-warn frequency

Configures the packet loss alarm frequency.

mmu ha

Configures MMU-HA function/reset

mmu tcb-enable

Configures the MMU-TCB function.

3.4.1 Configuring Buffer Adjustment

Configuration Effect



Configure guaranteed buffer so that the PG/queue can use this part of buffer exclusively.



ConfiguresharedbuffersoastocontrolthesharedbufferuseamountofthePG/queue.



ConfigurePGheadroombuffersoastocontroltheheadroombufferuseamount ofPG.



Configure global guaranteed buffer so as to control the guaranteed buffer amount reserved for PG/queue.



Configure global headroom buffer so as to control the headroom buffer amount reserved for PG.



Configure the size of ingress/egress service pool to control the buffer amount allocated to the service pool.



Configure the mapping relationships between PG/queue and service pool to allocate buffer from the specific pool.



Configure the cut-through transmission mode to control whether the flow has MMU buffer allocation.

Notes



Configuration in the interface mode can be made on the physical port only.

Configuration Steps



Configuring egress queue guaranteed buffer



Optional.



Ininterfaceconfigurationmode, usethe mmuqueue-guaranteecommand toconfigureguaranteedbuffer foreachqueueand
ensure that the buffer configuration range varies with the product.



Use the no or default command of this command to restore the default value of buffer.

Command

mmu queue-guarantee output { unicast | multicast } [queue-id1 [queue-id2 [queue-idN] ] set value

Parameter

output: performs buffer management on the egress queue

Description

unicast: performs buffer management on the egress unicast queue
multicast: performs buffer management on the egress multicast queue
queue-id: queue ID, in the range from 1 to 8
value: number of guaranteed buffers, in cells; range: 1-100.

Defaults

8 cells

Command

Interface configuration mode

Mode
Usage Guide

The guaranteed buffer of all queues can not exceed the global guaranteed buffer.



Configuring egress queue shared buffer



Optional.



Use the no or default command of this command to restore the default value of buffer.
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Command

mmu queue-threshold output { unicast | multicast } [queue-id1 [queue-id2 [queue-idN] ] set {thr% | cell value}

Parameter

output: performs buffer management on the egress queue

Description

unicast: performs buffer management on the egress unicast queue
multicast: performs buffer management on the egress multicast queue
queue-id: queue ID, in the range from 1 to 8
thr%: percentage, in the range from 1 to 100
cell:configuresthequeue buffer as a staticthresholdof cell
value: the quantity of cells

Defaults

100%

Command

Interface configuration mode

Mode
Usage Guide



Configuring ingress PG guarantee buffer



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command

mmu pg-guarantee pg { priority -id1 [priority-id2 [priority -idN] } set value

Parameter

priority -idN: ingress PG ID, range: 0-7

Description

Value: guarantee buffer configuration value, range: 1-100.

Defaults

The default value depends on the product.

Command

Interface configuration mode

Mode
Usage Guide

The guaranteed buffer of all PGs can not exceed the global guaranteed buffer.



Configuring ingress PG shared buffer



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command

mmu ingress-threshold pg [pg-id0 [pg-id1 [pg-id N] ] set thr%

Parameter

pg-idN: priority group ID, range: 0-7.

Description

th%: Total shared buffer x Threshold percentage = Maximum available buffer for the queue, range: 1-100

Defaults

100%

Command

Interface configuration mode

Mode
Usage Guide

1.

The effective way of this command varies with the product.

2.

The configuration takes effect only when flow control/Priority-based Flow Control (PFC) is not enabled.

3.

The user-configured value is displayed when the show running-config command is executed, even if the
user-configured value is the default value.



Configuring ingress PG headroom buffer



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command
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Parameter

pg-idN: priority group ID, range: 0-7.

Description

Value: headroom threshold value, in the unit of cell, range: 1-2000.

Defaults

The default value depends on the product.

Command

Interface configuration mode

Mode
Usage Guide

1.

The effective way of this command varies with the product.

2.

The configuration takes effect only when flow control/Priority-based Flow Control (PFC) is not enabled.

3.

The user-configured value is displayed when the show running-config command is executed, even if the
user-configured value is the default value.



Configuring flow control threshold



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command

mmu xoff-threshold pg [pg-id0 [pg-id1 [pg-id N] ] set thr%

Parameter

pg-idN: priority group ID, range: 0-7.

Description

thr: ingress PG XOFF threshold in the form of percentage, range: 1-100

Defaults

15%

Command
Mode
Usage Guide

Interface configuration mode
1.

The effective way of this command varies with the product.

2.

The configuration takes effect only when flow control/PFC is enabled.

3.

If flow control/PFC is not enabled, the shared buffer threshold of the PG is according to the value of
ingress-threshold.

4.

The user-configured value is displayed when the show running-config command is executed, even if the
user-configured value is the default value.



Configuring flow control restoration threshold



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command

mmu xon-threshold-offset pg [pg-id0 [pg-id1 [pg-id N] ] set value

Parameter

pg-idN: priority group ID, range: 0-7.

Description

Value: ingress PG XON threshold in the unit of cell, range: 1-500

Defaults

8 cells

Command

Interface configuration mode

Mode
Usage Guide

1.

The effective way of this command varies with the product.

2.

The configuration takes effect only when flow control/PFC is enabled.

3.

The user-configured value is displayed when the show running-config command is executed, even if the
user-configured value is the default value.



Configuring global headroom threshold



Optional.
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Use the no or default form of the command to restore the default value of buffer.

Command
Parameter
Description

mmu pg-headroom set value
Value: headroom threshold value, in the unit of cell, range: 1-20000.

Defaults

The default value depends on the product.

Command

Interface configuration mode

Mode
Usage Guide

1.

The effective way of this command varies with the product.

2.

The configuration takes effect only when flow control/PFC is enabled.

3.

The user-configured value is displayed when the show running-config command is executed, even if the
user-configured value is the default value.



Configuring size of global guaranteed buffer threshold



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command
Parameter
Description

mmu guarantee-limit set value
value: limit of global guaranteed buffer, in the unit of cell.

Defaults

The default value depends on the product.

Command

Global configuration mode

Mode
Usage Guide

The effective way of this command varies with the product.



Configuring size of shared service pool on the ingress/egress



Optional.



Use the no or default form of the command to restore the default value of buffer.

Command

mmu {ingress|egress} service-pool sp-id [name sp-name] set cell

Parameter

Ingress:configure the shared servicepool on the input

Description

egress:configurethesharedservicepool on theoutput
sp-id: ID of the shared service pool, range: 0-3
cell: cell quantity of the shared service pool

Defaults

By default, all shared buffer space is allocated to SP0, and the size of SP1/2/3 is 0.

Command

Global configuration mode

Mode
Usage Guide

The effective way of this command varies with the product.
It is recommended to set the same size for shared service pools on the input/output for the same traffic, or packet loss may
occur.



Configuring mapping relationship between input PG/output queue and shared service pool



Optional.



Use the no or default form of the command to restore the default value of buffer.
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Command

mmu {priority-group| unicast-queue| multicast-queue} [id1 [id2 [idN]] attach sp-id

Parameter

priority-group| unicast-queue| multicast-queue: configures the mapping relationship of input PG or output

Description

unicast/multicast queue
idN: ID of the priority group (range: 0-7) or queue (range: 1-8)
sp-id: ID of the shared service pool, range: 0-3

Defaults

All PG/queue is mapped to SP0.

Command

Global configuration mode

Mode
Usage Guide

It is recommended to map the corresponding PG/queue to the same service pool to avoid abnormal packet loss.

Verification



Run the show running-config command to check the MMU configuration



Run the show queue-buffer command to check the effect.

Configuration Examples



Configuring guaranteed buffer of egress queue

Configuration



Configure 50 cells for the guaranteed buffer of unicast queue 1 in the interface mode.

Steps



Configure 30 cells for the guaranteed buffer of multicast queue 1 in the interface mode.

FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu queue-guarantee output unicast 1 set 50
FS(config-if-TFGigabitEthernet 0/1)# mmu queue-guarantee output unicast 1 set 30
FS(config-if-TFGigabitEthernet 0/1)# end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu queue-guarantee output unicast 1 set 50
mmu queue-guarantee output multicast 1 set30
!
end
FS(config-if-TFGigabitEthernet 0/1)#



Configuring shared buffer of egress queue

Configuration



Configure 80% of the dynamic threshold for the shared buffer of unicast queue 1 in the interface mode.

Steps



Configure the static threshold as 50000 cells for the shared buffer of unicast queue 2 in the interface mode.
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FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu queue-threshold output unicast 1 set 80
FS(config-if-TFGigabitEthernet 0/1)# mmu queue-threshold output unicast 2 set cell 50000
FS(config-if-TFGigabitEthernet 0/1)# end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu queue-threshold output unicast 1 set 80
mmu queue-threshold output unicast 2 set cell 50000
!
end
FS(config-if-TFGigabitEthernet 0/1)#



Configuring PG guaranteed buffer of ingress queue

Configuration



Configure 80 cells for the guaranteed buffer of PG 1 in the interface mode.

Steps
FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu pg-guarantee pg 1 set 80
FS(config-if-TFGigabitEthernet 0/1)#end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu pg-guarantee pg 1 set 80
!
end
FS(config-if-TFGigabitEthernet 0/1)#
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Configuring PG shared buffer on ingress queue

Configuration



Configure 80% of the dynamic threshold for the shared buffer of PG 1 in the interface mode.

Steps
FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu ingress-threshold pg 1 set 80
FS(config-if-TFGigabitEthernet 0/1)#end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu ingress-threshold pg 1 set 80
!
end
FS(config-if-TFGigabitEthernet 0/1)#



Configuring PG headroom buffer on ingress queue

Configuration



Configure 500 cells for the headroom buffer of PG 1 in the interface mode.

Steps
FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu headroom-threshold pg 1 set 500
FS(config-if-TFGigabitEthernet 0/1)# end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu headroom-threshold pg 1 set 500
!
end
FS(config-if-TFGigabitEthernet 0/1)#
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Configuring flow control threshold

Configuration



Configure 30% of the dynamic threshold for the flow control threshold of PG1 in the interface mode.

Steps
FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu xoff-threshold pg 1 set 30
FS(config-if-TFGigabitEthernet 0/1)# end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu xoff-threshold pg 1 set 30
!
end
FS(config-if-TFGigabitEthernet 0/1)#



Configuring flow control restoration threshold

Configuration



Configure 300 cells for the flow control restoration threshold of PG1 in the interface mode.

Steps
FS#config
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)# mmu xon-threshold-offset pg 1 set 300
FS(config-if-TFGigabitEthernet 0/1)# end
FS#
Verification



Run the show this command

FS(config-if-TFGigabitEthernet 0/1)#show this

Building configuration...
!
mmu xon-threshold-offset pg 1 set 300
!
end
FS(config-if-TFGigabitEthernet 0/1)#
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Configuring headroom threshold

Configuration

Configure 10000 cells for the headroom threshold in the global configuration mode.



Steps
FS#config
FS(config)# mmu pg-headroom set 10000
FS(config)# exit
FS#
Verification

Run the show running-config command



FS#show running-config | include mmu
mmu pg-headroom set 10000
FS#



Configuring global guaranteed buffer threshold

Configuration



Configure 10000 cells for the global guaranteed buffer in the global configuration mode

Steps
FS#config
FS(config)# mmu guarantee-limit set 10000
FS(config)#exit
FS#
Verification



Run the show running-config command to check the configuration.

FS# show run
running-config | include mmu
mmu guarantee-limit set 10000
FS#



Configuring size of shared service pool on the input/output

Configuration



In the global configuration mode, configure the size of input and output SP1 as 10000 cells.

Steps
FS# configure
FS(config)# mmu ingress service-pool 1 set 10000
FS(config)# mmu egress service-pool 1 set 10000

Verification



Run the show running-config command to check the configuration.

FS#show run
mmu ingress service-pool 1 set 10000
mmu egress service-pool 1 set 10000
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FS#



Configuring mapping relationship between input PG/output queue and shared service pool

Configuration



Configure 10000 cells for the SP1 on the ingress/egress directions in the global configuration mode

Steps



Map ingress PG1 to ingress SP1, and map egress unicast/multicast queue 1 to the egress SP1 in the global
configuration mode

FS# configure
FS(config)# mmu ingress service-pool 1 set 10000
FS(config)# mmu egress service-pool 1 set 10000
FS(config)# mmu priority-group 1 attach service-pool 1
FS(config)#mmuunicast-queue 1attachservice-pool1
FS(config)# mmu multicast-queue 1 attach service-pool 1
FS(config)#exit
FS#
Verification



Run the show running-config command to check the configuration.

FS#show running-config | include mmu
mmuingressservice-pool 1 set10000
mmu egress service-pool 1 set 10000
mmu priority-group1 attachservice-pool 1
mmu unicast-queue 1 attach service-pool 1
mmumulticast-queue1attachservice-pool1
FS#
3.4.2 Configuring Buffer Monitoring

Configuration Effect



Configure the buffer utilization alarm threshold of port group. The log alarm will be printed when the buffer utilization of port
group exceeds this configured value.



Configure the buffer utilization alarm threshold of queue. The log alarm will be printed when the buffer utilization of queue
exceeds this configured value.



Configure the monitoring data sampling interval. The bottom layer samples and reports data according to the configured
interval.



Configure the numbering mode of slice ID starting from 1 or 0

Notes



Configuration on the interface can be made on the physical port only.

Configuration Steps



Configuring the port group buffer utilization alarm threshold



Optional.



In global configuration mode, use the mmu usage-warn-limit command to configure the buffer utilization alarm threshold for
the port group.
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Use the no or default command of this command to restore the default setting.

Command

mmu usage-warn-limit set value

Parameter

value: percentage, range: 1-100

Description
Defaults

The default value is 0, indicating that no alarm is reported.

Command

Global configuration mode

Mode
Usage Guide

This configuration takes effect for all the port groups.



Configuring the service pool buffer utilization alarm threshold



Optional.



In the interface configuration mode, use the mmu usage-warn-limit {ingress-service-pool | egress-service-pool} command
to configure the buffer utilization alarm threshold for service pool.



Use the no or default command of this command to restore the default settings.

Command

mmu usage-warn-limit {ingress-service-pool | egress-service-pool} sp-id set value

Parameter

ingress-service-pool:ingresssharedservice pool

Description

egress-service-pool: egress shared service pool
sp-id: ID of shared pool
value: percentage, range: 1-100

Defaults

The default value is 0, indicating that no alarm is reported.

Command

Global configuration mode

Mode
Usage Guide

N/A



Configuring the priority group/queue buffer utilization alarm threshold



Optional.



Intheinterfaceconfigurationmode,usethemmuusage-warn-limit{pg-headroom|priority-group|unicast|multicast}[id1
[id2 [idN] ] set value command to configure the buffer utilization alarm threshold for each priority group or queue.



Use the no or default command of this command to restore the default settings.

Command

mmu usage-warn-limit { pg-headroom | priority-group | unicast | multicast } [id1 [id2 [idN] ] set value

Parameter

priority-group: priority group

Description

pg-headroom: priority group headroom
unicast: performs buffer management on the egress unicast queue
multicast: performs buffer management on the egress multicast queue
idN: priority group/queue ID
value: percentage, range: 1-100

Defaults

The default value is 0, indicating that no alarm is reported.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the monitoring data sampling interval
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Optional.



In global configuration mode, use the mmu sample-period { buffer-counter | queue-counter } value command to configure
the monitoring data sampling interval for each queue.



Use the no or default form of the command to restore the default setting.

Command

mmu sample-period { buffer-counter | queue-counter } value

Parameter

buffer-counter: count of occupied buffer

Description

queue-counter: count of sent and discarded records in a queue
value: sampling interval in the unit of seconds, range: 1-10

Defaults

The sampling interval is 5 seconds by default.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Usetheshowrunning-configcommandtocheckwhethertheMMUunderthecorrespondinginterfaceisconfigured
successfully.



Use the show queue-buffer command to check whether the configuration succeeds.



Configuring the numbering mode of slice ID



Optional.



In global configuration mode, use the mmu slice-id compatible command to configure the numbering mode of slice ID and
switch the numbering mode of CLI/MIB.



Use the no or default form of the command to restore the default setting.

Command

mmu slice-id compatible

Parameter
Description
Defaults

By default, the number of slice ID starts from 1; run the command to start ID from 0.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show run command to display the current numbering mode.



Run the show queue-buffer command to display the range of current numbering mode.

Configuration Examples



Configuring the buffer utilization alarm limit based on port group

Configuration



On the switch, configure the buffer utilization alarm threshold of port group as 80%.

Steps
FS# configureterminal
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FS(config)# mmu usage-warn-limit set 80
FS(config)#
Verification

Check whether the buffer utilization alarm threshold has been configured successfully.



FS# show run running-config | include mmu
mmu usage-warn-limit set 80



Configuring the buffer utilization alarm limit based on egress queue

Configuration

Configure the buffer utilization alarm threshold as 70% at the unicast queues 6 and 8 of port 1/1 on the switch.



Steps
FS# configure terminal
FS(config)# int te1interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)#mmu usage-warn-limit unicast 6 8 set 70
Verification

Check whether the buffer utilization alarm threshold has been configured successfully.



FS# configure terminal
FS(config)# interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)#show this
Building configuration...
!
mmu usage-warn-limit unicast 6 set 70
mmu usage-warn-limit unicast 8 set 70
!
end
FS(config-if-TFGigabitEthernet 0/1)# show queue-buffer interface TFGigabitEthernet 0/1
Interface TFGigabitEthernet 0/1:
Slice 1:
Type

Queue Used cells Available cells Usage Usage warn limit Usage warn count Peaked cells

Service pool
Unicast

1

0

97849

0%

0%

0

0

2

0

97849

0%

0%

0

0

3

0

97849

0%

0%

0

0

4

0

97849

0%

0%

0

0

5

0

97849

0%

0%

0

0

6

0

97849

0%

70%

0

0

7

0

97849

0%

0%

0

0

8

0

97849

0%

70%

0

0

0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
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0(SP-0)
Multicast

1

0

12238

0%

0%

0

0

2

0

12238

0%

0%

0

0

3

0

12238

0%

0%

0

0

4

0

12238

0%

0%

0

0

5

0

12238

0%

0%

0

0

6

0

12238

0%

0%

0

0

7

0

12238

0%

0%

0

0

Multicast 8

0

12238

0%

0%

0

0

0(SP-0)
Multicast
0(SP-0)
Multicast
0(SP-0)
Multicast
0(SP-0)
Multicast
0(SP-0)
Multicast
0(SP-0)
Multicast
0(SP-0)
0(SP-0)
Service pool

Globalsharedcells Usage Usage warn limit Usage warn count Used cells Peaked cells

0(SP-0)

110072

0%

0%

0

0

0

1(SP-1)

0

0%

0%

0

0

0

2(SP-2)

0

0%

0%

0

0

0

3(SP-3)

0

0%

0%

0

0

0

Slot

Slice PortGroup Total cells Total usage Usage warn limit Static used cells Global shared cells

Available shared cells
0

1

1

131072

0%

100%

0

110072

110072



Configuring the monitoring data sampling interval

Configuration



Configure the monitoring data sampling interval in global configuration mode.

Steps
FS# configure terminal
FS(config)#mmusample-periodbuffer-counter8
FS(config)# mmu sample-period queue-counter 10
Verification



Check whether the sampling interval has been configured successfully.

FS#showrunning-config|includemmu
mmu sample-period buffer-counter 8
mmusample-periodqueue-counter10



Configuring the shared buffer pool buffer utilization alarm limit

Configuration
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Steps
FS# configure terminal
FS(config)# mmu usage-warn-limit ingress-service-pool 1 set 10
FS(config)# mmu usage-warn-limit egress-service-pool 2 set 20
Verification



Check whether the alarm limit has been configured successfully.

FS# show run running-config | include mmu
mmu usage-warn-limit ingress-service-pool 1 set 10
mmu usage-warn-limit egress-service-pool 2 set 20



Configuring the numbering mode of slice ID

Configuration



Configure in global configuration mode.

Steps
FS# configure terminal
FS(config)# mmu slice-id compatible
Verification



Check whether the numbering mode has been configured successfully.

FS#showrunning-config|includemmu
mmu slice-idcompatible
FS# sh queue-buffer in hu0/1
Interface HundredGigabitEthernet 0/1:
Slice 0:
Type

Queue Used cells Available cells Usage Usage warn limit Usage warn count Peaked cells

Service pool
Unicast

1

0

35481

0%

0%

0

0

2

0

35481

0%

0%

0

0

3

0

35481

0%

0%

0

0

4

0

35481

0%

0%

0

0

5

0

35481

0%

0%

0

0

6

0

35481

0%

0%

0

0

7

0

35481

0%

0%

0

0

8

0

35481

0%

0%

0

0

Multicast 1

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
0(SP-0)
Multicast 2
0(SP-0)
Multicast 3
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0(SP-0)
Multicast 4

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0(SP-0)
Multicast 5
0(SP-0)
Multicast 6
0(SP-0)
Multicast 7
0(SP-0)
Multicast 8
0(SP-0)
Service pool

Global shared cells Usage Usage warn limit Usage warn count Used cells Peaked cells

0(SP-0)

39908

0%

0%

0

0

1537

1(SP-1)

0

0%

0%

0

0

0

2(SP-2)

0

0%

0%

0

0

0

3(SP-3)

0

0%

0%

0

0

0

Slice 2:
Type

Queue Used cells Available cells Usage Usage warn limit Usage warn count Peaked cells

Service pool
Unicast

1

0

35481

0%

0%

0

0

2

0

35481

0%

0%

0

0

3

0

35481

0%

0%

0

0

4

0

35481

0%

0%

0

0

5

0

35481

0%

0%

0

0

6

0

35481

0%

0%

0

0

7

0

35481

0%

0%

0

0

8

0

35481

0%

0%

0

0

Multicast 1

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
Unicast
0(SP-0)
0(SP-0)
Multicast 2
0(SP-0)
Multicast 3
0(SP-0)
Multicast 4
0(SP-0)
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Multicast 5

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0

4442

0%

0%

0

0

0(SP-0)
Multicast 6
0(SP-0)
Multicast 7
0(SP-0)
Multicast 8
0(SP-0)
Service pool

Global shared cells Usage Usagewarnlimit Usagewarncount Used cells Peaked cells

0(SP-0)

39908

0%

0%

0

0

0

1(SP-1)

0

0%

0%

0

0

0

2(SP-2)

0

0%

0%

0

0

0

3(SP-3)

0

0%

0%

0

0

0

Slot

Slice PortGroup Total cells Total usage Usage warn limit Static used cells Global shared cells Available

shared cells
0

0

1

53248

0%

20%

0

39908

1

1

53248

0%

20%

0

39908

2

1

53248

0%

20%

0

39908

3

1

53248

0%

20%

0

39908

39908
0
39908
0
39908
0
39908
3.4.3 Configuring the Queue Packet Loss Detection

Configuration Effect



Enable/Disable the global queue packet loss alarm of all interface queues.



Enable/Disable the queue packet loss alarm on an interface. The priority of this configuration is higher than the global
configuration.



Configure the packet loss alarm frequency so that only N packet loss alarms are displayed in the period of T.

Notes



This function can be configured in global configuration mode and interface configuration mode.

Configuration Steps



Configuring the packet loss alarm



Optional.



In global or interface configuration mode, run the mmu queue-loss-warn {unicast | multicast} [qid1 [qid2 [qidN] ] ] {on | off}
command to enable/disable the packet loss alarm function on queues.



Use the no or default form of this command to restore default configuration. The packet loss alarm function is disabled by
default.
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Command

[no] mmu queue-loss-warn {unicast | multicast } [qid1 [qid2 [qidN] ] ] {on | off}

Parameter

Unicast: Indicates a unicast queue.

Description

multicast: Indicates a multicast queue.
qid: Indicates the queue ID, range: 1-8.
on: Enables the packet loss alarm.
off: Disables the packet loss alarm.

Defaults

The packet loss alarm function is disabled by default.

Command

Global configuration mode and interface configuration mode.

Mode
Usage Guide

The priority of interface configuration is higher than the global configuration.



Configuring the Packet Loss Alarm Frequency



Optional.



Inglobal configuration mode, run themmu queue-loss-warn frequency cyclevalue1 times value2 command toconfigure the
packet loss alarmfrequency.



Use the no or default form of the command to restore the default configuration.

Command

[no] mmu queue-loss-warn frequency cycle value1 times value2

Parameter

value1: Indicates the displaying period of the packet loss alarm.

Description

value2: Indicates the number of packet loss alarms that can be displayed in a period.

Defaults

Up to 30 packet loss alarms can be displayed within 60s by default.

Command

Global configuration mode

Mode
Usage Guide
Verification



Use the show running-config command to check whether the configuration takes effect.

Configuration Examples



Configuring the queue packet loss alarm

Configuration



Enable the packet loss alarm for the unicast queue 5 in the global configuration mode.

Steps



Enable the packet loss alarm for the unicast queue 7 in the interface configuration mode.

FS# configure terminal
FS(config)#mmu queue-loss-warn unicast 5 on
FS(config)#interface TFGigabitEthernet 0/1
FS(config-if-TFGigabitEthernet 0/1)#mmu queue-loss-warn unicast 7 on
Verification



Check whether the alarm is enabled.

FS# show running-config
…
mmu queue-loss-warn unicast 5 on
…
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FS#show running-config interface TFGigabitEthernet 0/1
Building configuration...
Current configuration : 68 bytes

interface TFGigabitEthernet 0/1
mmu queue-loss-warn unicast 7 on
FS#



Configuring the frequency of queue packet loss alarm

Configuration



Configure at most 100 alarm syslogs can be printed during 100s in the global configuration mode.

Steps
FS# configure terminal
FS(config)# mmu queue-loss-warn frequency cycle 100 times 100
FS(config)#
Verification



Check whether the frequency is configured.

FS# show running-config | include mmu
mmu queue-loss-warn frequency cycle 100 times 100

3.4.4 Configuring the Cut-through Mode

Configuration Effect



Enable the cut-through function to reduce the packet forwarding delay.

Notes



The cut-through function can be configured only on physical ports.

Configuration Steps



Configuring cut-through mode



Optional.



In interface configuration mode, run the mmu cut-through command to enable the cut-through function on the interface.



Use the no or default form of the command to restore the default setting.

Command

mmu cut-through

Parameter

N/A

Description
Defaults

The cut-through mode is disabled by default.

Command

Interface configuration mode

Mode
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Usage Guide

The mode can not take effect in the case of interface congestion.

Verification



Use the show running-config command to check whether the configuration takes effect.

Configuration Examples



Configuring the cut-through mode

Configuration



Enable the cut-through mode in the global configuration mode.

Steps
FS# configure terminal
FS(config)#mmu cut-through
Verification



Check whether the cut-through mode is configured.

FS# show running-config | include mmu
mmu cut-through

3.4.5 Configuring MMU-HA

Configuration Effect



Disable the MMU-HA function



Disable the MMU-HA reset function but keep the MMU buffer crash detection

Notes



This function can be configured on the physical port in global configuration mode.

Configuration Steps



Disabling MMU-HA



Optional.



In global configuration mode, run the mmu ha disable command to disable the function.



Use the no or default form of this command to restore default configuration.

Command

mmu ha disable

Parameter
Description
Defaults

The MMU-HA function is enabled by default.

Command

Global configuration mode

Mode
Usage Guide



Disabling MMU-HA reset function



Optional



In the global configuration mode, use the mmu ha reset disable command to disable MMU-HA reset function
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Use the no form of this command to restore the default settings

Command

mmu ha reset disable

Parameter

N/A

Description
Defaults

MMU-HA reset is enabled by default.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Use the show running-config command to check whether the configuration takes effect.

Configuration Examples



Disabling MMU-HAfunction

Configuration



Configure in the global configuration mode.

Steps
FS# configure terminal
FS(config)# mmu ha disable
Verification



Check whether the configuration takes effect.

FS# show running-config
mmu ha disable



Disabling MMU-HA reset function

Configuration



Configure in the global configuration mode.

Steps
FS# configure terminal
FS(config)# mmu ha reset disable
Verification



Check whether the configuration takes effect.

FS# show running-config | include mmu
mmu ha reset disable

3.4.6 Configuring MMU-TCB

Configuration Effect



Enable MMU-TCB to monitor the TCP/UDP packet loss of the unicast queue. When the packet loss occurs, the five-element tuple
of packet will be collected and reported to the GRPC server.

Notes



This function can be configured in global configuration mode.
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Configuration Steps



Configuring the packet loss monitoring



Optional.



In global configuration mode, run the mmu tcb-enable command to enable/disable the packet loss monitoring function.



Use the no or default form of this command to restore default configuration. The packet loss monitoring function is disabled by
default.

Command

[no] mmu tcb-enable

Parameter
Description
Defaults

The packet loss monitoring function is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

Only devices using TD3/TH2 support this function. The monitoring data collected by TCB is reported to the server by
GRPC.

Verification



Use the show running-config command to check whether the configuration takes effect.

Configuration Examples



Enabling MMU-TCBfunction

Configuration



Configure in the global configuration mode.

Steps
FS# configure terminal
FS(config)# mmu tcb-enable
Verification



Check whether the configuration takes effect.

FS# show running-config
mmu tcb-enable

3.5 Monitoring
Clearing
Running the clear command during operation of the equipment may lead to service interruption due to loss of important
information.
Description

Command

Clears the queue counter value.

clear queue-counter

Clears the historical peak value of the

clear mmu queue-buffer peaked

egress queue buffer
Clears the historical peak value of the

www.fs.com
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ingress PG buffer
Clears the number of times that the

clear mmu usage-warn-count

occupied buffer exceeds the warning
threshold
Displaying
Description

Command

Displays the buffer use information of

show queue-buffer interface

panel interface.
Displays the queue counter information

show queue-counter interface

of panel interface.
Displays the buffer use information of the

show pg-buffer interface

ingress PG
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2054

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Reliability Configuration
1.

Configuring REUP

2.

Configuring RLDP

3.

Configuring DLDP

4.

Configuring VRRP

5.

Configuring VRRP Plus

6.

Configuring BFD

7.

Configuring IP EventDampening

8.

Configuring VSU

9.

Configuring RNS

10.

Configuring PCAP

11.

Configuring HAM

12.

Configuring VAP
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1 Configuring REUP
1.1 Overview
The Rapid Ethernet Uplink Protection Protocol (REUP) provides a rapid uplink protection function.
Inthedual uplinknetworking, REUPisusedtoensurenormal communicationbetweenlinks,blockredundant links,avoidlinkloops,
and implement fastbackup.
TheupstreaminterfacesofREUPareconfiguredinpairs.Ifbothinterfacesarenormal,aninterfaceworksinthebackupstate.The
interface in the backup statedoes not forward data packets.When the interface in the forward state is faulty, the backup interface
switches to the forward state immediately, and provides data transmission. In addition, REUP also sends address update packets to
upstream devices so that the upstream devices can update their MAC addresses immediately. This function of REUP ensures that
layer-2 data streams can be restored within 50 ms after a link is faulty.
REUP is mutually exclusive with the Spanning Tree Protocol (STP) based on interfaces. In this case, a device runs STP downward and
runs REUP upward to implement backup and fault protection for the upstream link. REUP ensures that basic link redundancy is
provided when STP is disabled and that millisecond-level fault recovery faster than STP is also provided.
Protocols and Standards



REUP is a proprietary protocol of FS Network, and there is no standard and protocol for reference.

1.2 Applications
Application

Description

Communication in Dual Uplink

Forward packets in the dual-uplink networking.

Networking
1.2.1 Communication in Dual Uplink Networking

Scenario
For communicationin dual uplink networking, the accessswitchhas twouplink paths, as shown in
Figure 1-1.
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Figure 1-1 Dual uplink networking

Deployment



Enable REUP on interface1 and interface2 of the access switch D/E to implement fast switching when a link is faulty.



Enable MAC address update message receiving of REUP on the interfaces connected to switches A/B/C to rapidly clear the MAC
addresses on the interfaces when a link is faulty.

1.3 Features
Basic Concepts



REUP Pair
Specify an interface as the backup interface of another interface to configure an REUP pair. One
interface is theactive interfaceand the other interfaceis the backup interface.When the two interfaces
arenormal, aninterfaceisconfiguredas theforwardinterfacewhereastheother interfaceisconfigured
asthe backupinterface.Youcan determinetheinterfaceto beconfiguredas thebackupinterface.See
the related information in the section "Configuring the Preemption Mode and Delay Time of REUP".



MAC Address Update Message
MACaddressupdatemessagesrefertoFLUSHpacketssentby FSNetwork touplinkdevices through
privatemulticast.Whenan uplinkdeviceof FSNetworkenables thefunctionforreceivingMACaddress
update messages and receives MAC address update messages, the device updates the MAC addresses of
corresponding interfaces.
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MAC Address Update Group
Multipleinterfacesare added toa group. If one interfacein thegroup receives a MACaddress update
message,theMACaddressesof otherinterfacesinthe groupwillbeupdated.Inthiscase,thegroup is
called MAC address update group.



MAC Address Update Packet

Packets sent to update MAC addresses in order to support uplink devices are called MAC address update packets.



Link Tracking Group
The uplink and downstream interfacesof a device are added toagroup. If all upstream interfacesin the
group are down, all downstream interfaces in this group are forced down. In this case, this group is
called a link tracing group.

Overview
Feature

Description

Dual Link Backup of REUP

When a link is faulty, the other link can rapidly switch to the forward state.

Preemption Mode and Delay

When both links are normal, the preemption mode can be used to determine the link that is used

Time of REUP

for forwarding data and the delay time that is used to determine the waiting time before switching.

MAC Address Update

During link switching, the MAC address of an interface is updated to make packet convergence
faster.

VLAN Load Balance

When the two links are normal, the utilization of link bandwidth can be maximized.

Link State Tracking

When the upstream link is faulty, the downstream link is switched.

1.3.1 Dual Link Backup of REUP

When an active link is faulty, the link in the backup state will rapidly switch to the forward state and start
forwarding data, minimizing the service interruption caused by link failure.
Working Principle
Specifyan interface as thebackup interfaceof another interface toconfigurean REUP pair.When the
two interfaces are normal, a link is in the forward state (forwarding data packets) and the other link is in
the backup state (not forwarding data). When the active link is faulty, the link in the backup state rapidly
switches to the forward state and starts forwarding data. When the faulty link is recovered, the link
enters the backup state and does not forward data packets. Of course, you can configure the
preemption mode to specify whether a link recovered from failure preempts the link that is in the
forward state currently.
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Figure 1-2 A topology with two normal links

As shown inFigure 1-2, connect interfaces 1 and 2 of switchD (E) to the uplink switches B and C (Cand B)
and configure REUP on interfaces 1 and 2. When the links are normal, interface 1 is in the forward state
and forwards data packets and interface 2 is in the backup state and does not forward data packets.
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Figure 1-3 A topology with interface 1 of switch D (E) faulty

Onceinterface1isfaulty,interface2immediatelystartsforwardingdatapacketsandrecoverstheuplink
transmission of the switch. In the non-preemption mode, when the link of interface 1 is recovered,
interface 1 is in the backup state and does not forward data packets whereas interface 2 continues
forwarding data packets.
Related Configuration



Enabling Dual Link Backup on an interface
By default, dual link backup on an interface is disabled.

You can run the switchport backup interface command to configure a layer-2 physical interface (or layer-2 AP interface) as a backup
interface and enable the dual link backup function of REUP.
Youmust enablethe dual linkbackup functionof REUP on an interface.The function involvesthe link
switching of REUP only when an interface is faulty.
REUP, ERPS, and RERP do not share interfaces.
Devices enabled with REUP must disable the storm control function of all layer-2 interfaces.

1.3.2 Preemption Mode and Delay Time of REUP

Working Principle
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Youcan determine which link should be used first by configuring the preemption mode of REUP.If the
preemption mode is set to bandwidth first, REUP selects a link witha high bandwidth first.Youcan also
set the preemption mode to forced to select a stable and reliable link first forcibly.
To avoid frequent active/backup link switching caused by abnormal faults, REUP provides a preemption
delay function. When the two links are recovered, link switching is performed when the faulty link
becomes stable after a delay (35s by default).
Related Configuration



Configuring the Preemption Mode and Delay Time of REUP
By default, the preemption mode is disabled and the delay time is 35s.

Youcan runtheswitchport backupinterface preemptionmodecommand toconfigurethepreemptionmode.
Youcan run the switchport backup interface preemption delay command to configure the delay time.
A smaller delay means more frequent preemption switching after the faulty link is recovered.
REUPusesthevalue of theBandwidthattributeforanAP interfaceas theactual bandwidthof theAPinterface,whichisequal
to the value of the Speed attribute (the number of link up member interfaces x the number of member interfaces).
When an uplink enables STP, the preemption delay time of REUP is greater than 35s.
1.3.3 MAC Address Update

During link switching, the MAC address of an interface is updated to make packet convergence faster.
Working Principle
As shown in Figure 1-2, interface 1 and interface 2 of switch D (E) are enabled with dual link backup of
REUP. Interface 1 works as the active interface. During normal communication, switch A learns the MAC
addresses of users 1 and 2 (users 3 and 4) from the interfaces connecting to switch B (C).
When interface 1 of switch D (E) is faulty, interface 2 rapidly switches to the forward state and starts
forwarding data packets. In this case, switch A does not learn the MAC addresses of users 1 and 2 (users
3and 4) on theinterfacesconnecting toswitch B(C).The data packetssent by theserver tousers 1and
2 (users 3 and 4) are forwarded to switch C (B) by switch A, causing that the packets fromthe server to
users 1 and 2 (users 3 and 4) are lost.
Toavoid the preceding problems, you can enable the MAC address update function on switch D (E).
When interface 2 starts forwarding packets, switch D (E) sends a MAC address update message to
interface 2. After receiving the MAC address update message, switch A updates the MAC address on the
interface of switch A. In this way, switch A forwards the packets sent by the server to the users to the
interfaces of switch B (C) to make packet convergence faster.
In addition, import the setting of a MAC address update group, that is, classify multiple interfaces into
thesamegroup.Whenaninterfacein thisgroup receivesaMACaddressupdatemessage,theMAC
addresses on other interfaces in the group are updated to reduce the side effect of flooding caused by
MAC address update.
To be compatible with upstream devices not supporting MAC address update messages, switch D (E)
will send MAC address update packets for users 1 and 2 (users 3 and 4) upward when interface 2
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switchestotheforwardstate.Inthisway, switchAcanupdatetheMACaddressesofusers1and2(users
3 and 4) to the corresponding interfaces and recover the downlink data transmission of switch A.
Related Configuration



Enabling Sending of MAC Address Update Messages on an interface
By default, sending of MAC address update messages is disabled on an interface.
You can run the mac-address-table move update transit command to enable sending of MAC address
updates on all interfaces of a device.
If sending of MAC address update messages is not enabled, MAC address update messages will not be
sent when dual link backup switching of REUP is performed.



Enabling Receiving of MAC Address Update Messages on an interface
By default, receiving of MAC address update messages is disabled on an interface.
You can run the mac-address-table move update receive command to enable receiving of MAC
address updates on all interfaces of a device.
Ifreceiving ofMAC address updatemessages is not enabled, adevicecannot receiveMAC address
updatemessages fromdownlink devicesduring dual linkbackup switchingofREUP and willnot update
the MAC addresses.



Configuring a VLAN for Sending MAC Address Update Messages
By default, a VLAN for sending MAC address update messages is the default VLAN to which an interface
belongs.
Youcanrunthemac-address-tablemoveupdatetransitvlancommandtoconfiguretheVLANin
which interfaces send MAC address update messages.
If the VLAN in which interfaces send MAC address update messages is configured, the messages are sent
in the configuredVLAN; otherwise, the messages are sent in the default VLAN to which the interface
belongs.



Configuring a VLAN for Receiving MAC Address Update Messages
By default, MAC address update messages are received in all VLANs.
Youcanrunthenomac-address-tablemoveupdatereceivevlancommandtoconfigureaVLANin
which interfaces do not receive MAC address update messages. MAC address update messages are
received in remaining VLANs.
IfnoVLANinwhichinterfacesreceiveMACaddressupdatemessagesisconfigured,MACaddress
update messages are received in all the configured VLANs; otherwise, MAC address update messages
are received in the remaining VLANs.



Configuring a MAC Address Update Group
By default, there is no MAC address update group.

Youcanrunthemac-address-tableupdategroupcommandtoaddaninterfacetotheMACaddressupdategroup.Theinterfaceis
added to the first update group by default.
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IfnoMACaddressupdategroupisconfigured,MACaddressupdatewillnotbe performedwhen MAC
address update packets are received.



Configuring the Maximum Number of MAC Address Update Packets Sent Per Second
By default, the maximum number of MAC address update packets sent per second is 150.
You can run the mac-address-table move updatemax-update-rate command to configure the
maximum number of MAC address update packets sent per second.
Thelargerthenumberofpackets,themoreCPUtimeusedforsendingthepackets,and thefewer
downlink packets are lost.

1.3.4 VLANLoadBalance

Working Principle
The VLAN load balance function allows REUP to forward data packets of mutually exclusive VLANs for
two interfaces to make full use of the link bandwidth.
As shown in Figure 1-4, configure dual link backup of REUP and enable VLAN load balance of REUP on
interface1 and interface 2of switch D,and mapVLAN 1toinstance 1and VLAN 2toinstance2. Data of
VLAN 1 (instance 1) is transmitted through interface 1 and all the other data of VLAN 2 (instance 2) is
transmitted through interface 2. Perform the same processing on switch E.
Whenaninterfaceisfaulty,theotherinterfacetakesoverthetransmissionofallVALNs.Whenthefaulty
interface is recovered and does not become faulty within the preemption delay, the transmission of
VLANs is switched back to the recovered interface.
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Figure 1-4 A topology with two normal links of load balance

Related Configuration



Enabling VLAN Load Balance on an interface
By default, the VLAN load balance function on an interface is disabled.
You can run the switchport backup interface prefer instance command to enable the VLAN load
balance function.
If this function is not enabled, the link bandwidth cannot be fully used when packets are forwarded
when the two links are normal. Youmust enable theVLAN load balance function on a port so that the
interface can be involved in VLAN load balance.
The instance mapping of REUP VLAN load balance is controlled by the MSTP module in a unified manner. For details about how
to configure the instances, see the description in the Configuring MSTP.
The VLAN load balance function can be configured only on trunk, uplink or hybrid interfaces.

1.3.5 Link State Tracking

Link tracking means that when the upstream link isfaulty, services are switched tothe downstream link
so that the backup interface can continue forwarding packets.
Working Principle
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Link state tracking provides the function of notifying downlink devices for link switching when the
upstream link is faulty.Youcan configure the uplink and downstream interfaces of a link state tracking
group and bind the link status of multiple downstream interfaces to the interfaces of multiple upstream
links to implement link status synchronization. When all upstream links in a tracking group are faulty,
the interfaces of the downstream links are shut down forcibly to ensure that the transmission of the
downstream links is switched from the active link to the backup link.
As shown in Figure 1-5, when the upstream link of switch B is faulty, link state tracking rapidly shuts
down the downstream interface of switch B so that the uplink transmission of switch D is switched to
switch C.
Figure 1-5 A topology where the upstream link of the active link is faulty

Related Configuration



Enabling Link Tracking
Link tracking is disabled by default.
Youcan run the link state track [number] command to enable a link tracking group.The value of
number ranges from 1 to 2. The first link tracking group is enabled by default (the default value of
number is 1).
If link tracking is not enabled, the status of a corresponding upstream interface cannot be detected and
packet forwarding switching cannot be implemented in time.



Enabling the Downlink Delay Up Function for a Link Tracking Group
By default, the downlink delay for link tracking is 0s.

www.fs.com

2065

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Youcan run the link state track number up-delay timer command to enable a link tracking group.The
value of number ranges from 1 to 2. The first link tracking group is enabled by default (the default value
of number is 1). The value of timer ranges from 0 to 300s, which is 0s by default.
By enabling the downlink delay up function, you can avoid frequent downlink switching caused by
uplink flapping in a link tracking group. That is, when the upstream link becomes up, the downstream
link becomes up after a delay.



Adding an interface to a Link Tracking Group
By default, an interface is not added to a link tracking group.
Youcan run the link state group [number] {upstream | downstream} command to set upstream
interfacesand downstreaminterfacesof thelink tracking group.The value of number ranges from1 to
2. An interface is added to the first link tracking group by default (the default value of number is 1).
If an interface is not added to a tracking group, the status of a corresponding upstream interface cannot
be detected and packet forwarding switching cannot be implemented in time.

1.4 Configuration
Configuration
Configuring Basic Functions of
REUP

Configuring the Preemption
Mode and Delay Function of
REUP

Description and Command
(Mandatory) It is used to enable dual link backup of REUP.
switchport backup interface

Enables dual link backup of REUP.

(Optional) It is used todetermine the preemption mode and delay time.The default values are
used if they are not configured.
switchportbackup interfacepreemption mode

Sets the preemption mode.

switchport backup interface preemption delay

Sets the delay time for preemption.

(Optional) It is used to enable rapid update of MAC addresses.
mac-address-table update group
mac-address-table move update transit

Configuring MAC Address

mac-address-table move update transit vlan

Sets the MAC address update group ID of a
switch.
Enables sending of MAC address update
messages.
EnablessendingoftheVLANIDofMACaddress
update messages.
Configures the maximum number of MAC

Update
mac-address-table move update

address update packets sent per second.
The value ranges from 0 to 32000. The default
value is 150.

mac-address-table move update receive
mac-address-table move update receive vlan
Configuring VLAN Load Balance
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Enables receiving of MAC address update
messages.
ConfigurestheVLANrangeforprocessingMAC
address update messages.

(Optional) It is used to enable VLAN load balance.
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Configuration

Description and Command
switchport backup interface prefer instance

ConfiguresthelinkVLANloadbalanceofREUP.

(Optional) It is used to enable link tracking.
link state track up-delay
Configuring Link Tracking

link state track

Enables the downlink delay up for a link state
tracking group.
Enables a link state tracking group.
Addan interfaceas anupstreaminterfaceora

link state group

downstreaminterfaceof a specified linkstate
tracking group.

1.4.1 Configuring Basic Functions of REUP

Configuration Effect



When a link is faulty, the other normal link is switched to the forward state immediately for forwarding packets.

Notes



Aninterfacebelongs toonlyoneREUPpair.Eachactivelinkhasonlyone backuplink.Abackuplinkcanbe usedasthebackup
link of only one active link. The active and backup links must use different interfaces.



REUP supports layer-2 physical interfaces and AP interfaces, but does not support AP member interfaces.



Theactiveandbackupinterfacesmaybeofdifferenttypesandhavedifferentrates.Forexample,anAPinterfacecanbeusedas
the active interface whereas a physical interface is configured as the backup interface.



Interfaces configured with REUP are not involved in STP calculation.



Each device can be configured with a maximum of 16 REUP pairs.



Interfaces successfully configured with REUP cannot change interfaces to layer-3 interfaces or be added to an AP.

Configuration Steps



Enabling Dual Link Backup of REUP



Mandatory.



If there is no special requirement, dual link backup of REUP should be enabled on an interface of the receiving switch.

Verification
Runtheshowinterfacesswitchportbackup[detail]commandtocheckwhetherduallinkbackupof
REUP is configured.
Related Commands



Enabling Dual Link Backup of REUP

Command

switchport backup interface interface-id

Parameter

interface-id: Indicates the backup interface ID.

Description
Command

Interface configuration mode

Mode
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Usage Guide

If the interface where the mode resides is the active interface, the interface corresponding to the interface-id
parameter is the backup interface. When the active link is faulty, rapidly recover the transmission of the backup link.

Configuration Example



Enabling Dual Link Backup of REUP

Scenario

As shown in Figure 1-6, there are two upstream links from switch D to switch A, which are switch D > switch B >

Figure 1-6

switch A and switch D > switch C > switch A. There are two upstream links from switch E to switch A, which are switch

Dual uplink

E > switch B > switch A and switch E > switch C > switch A.

networking

Configuration
Steps
D



Configure dual link backup (the interface Gi0/1 is the active interface and Gi0/2 is the backup interface) of
REUP on the access switch D (E).

SwitchD> enable
SwitchD# configure terminal
SwitchD(config)# interface GigabitEthernet 0/1
SwitchD(config-if-GigabitEthernet 0/1)# switchport mode trunk
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface GigabitEthernet 0/2
SwitchD(config-if-GigabitEthernet 0/1)# exit

E

SwitchE> enable
SwitchE# configure terminal
SwitchE(config)# interface GigabitEthernet 0/1
SwitchE(config-if-GigabitEthernet 0/1)# switchport mode trunk
SwitchE(config-if-GigabitEthernet 0/1)#switchport backup interface GigabitEthernet 0/2
SwitchD(config-if-GigabitEthernet 0/1)# exit
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Verification



D

SwitchD#show interfaces switchport backup detail

Check the dual link backup information configured for switch D (E).

Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Standby

Interface Pair : Gi0/1, Gi0/2
Preemption Mode : off
Preemption Delay : 35 seconds
Bandwidth : Gi0/1(100000 Mbits), Gi0/2(100000 Mbits)
E

SwitchE#show interfaces switchport backup detail
Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Standby

Interface Pair : Gi0/1, Gi0/2
Preemption Mode : off
Preemption Delay : 35 seconds
Bandwidth : Gi0/1(100000 Mbits), Gi0/2(100000 Mbits)
Common Errors



Other REUP pairs are configured on a configured interface.



A configured interface is not a layer-2 physical interface or AP interface.

1.4.2 Configuring the Preemption Mode and Delay Function of REUP

Configuration Effect



Restrict the preemption mode and preemption delay time for REUP link switching.

Notes



Dual link backup of REUP must be configured.

Configuration Steps



Optional.
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If the active link needs to always forward packets or the link bandwidth needs to be used to determine the link for forwarding
packets, the corresponding preemption mode and delay time must be configured.

Verification
Runtheshowinterfacesswitchportbackup[detail]commandtocheckwhetherthepreemption
mode and delay time are consistent with the configurations.
Related Commands



Configuring the Preemption Mode of REUP

Command

switchport backup interface interface-id preemption mode {forced|bandwidth|off}

Parameter

interface-id: Indicates the backup interface ID.

Description

mode: Sets the preemption mode:
forced: Indicates the forced mode.
bandwidth: Indicates the bandwidth mode.
off: Indicates that the preemption mode is off.

Command

Interface configuration mode

Mode
Usage Guide

The preemption modes include forced, bandwidth and off. In the bandwidth mode, an interface with a high
bandwidth is selected first to transmit data; in the forced mode, the active interface is selected first to transmitdata;
in the off mode, no preemption is performed. The default mode is off.



Configuring the Delay Time of REUP

Command

switchport backup interface interface-idpreemption delay delay-time

Parameter

interface-id: Indicates the backup interface ID.

Description

delay-time: Indicates the delay time.

Command

Interface configuration mode

Mode
Usage Guide

Preemption delay indicates the delay time after a faulty link is recovered to the time when link switching is
performed again.

Configuration Example



Configuring the Preemption Mode and Delay Time of REUP

Scenario

As shown in Figure 1-6, there are two upstream links from switch D to switch A, which are switch D > switch B >
switch A and switch D > switch C > switch A. There are two upstream links from switch E to switch A, which are switch
E > switch B > switch A and switch E > switch C > switch A.

Configuration



Configure the preemption mode to bandwidth on the access switch D (E) and the delay time to 40s.

Steps
D

SwitchD> enable
SwitchD# configure terminal
SwitchD(config)# interface GigabitEthernet 0/1
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi 0/2 preemption mode bandwidth
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SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi 0/2 preemption delay 40
SwitchD(config-if-GigabitEthernet 0/1)# exit

E

SwitchE> enable
SwitchE# configure terminal
SwitchD(config)# interface GigabitEthernet 0/1
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi 0/2 preemption mode bandwidth
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi 0/2 preemption delay 40
SwitchD(config-if-GigabitEthernet 0/1)# exit

Verification



D

SwitchD#show interfaces switchport backup detail

Check the dual link backup information configured for switch D (E).

Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Standby

Interface Pair : Gi0/1, Gi0/2
PreemptionMode : bandwidth
Preemption Delay : 40 seconds
Bandwidth : Gi0/1(100000 Mbits), Gi0/2(100000 Mbits)
E

SwitchE#show interfaces switchport backup detail
Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Standby

Interface Pair : Gi0/1, Gi0/2
PreemptionMode : bandwidth
Preemption Delay : 40 seconds
Bandwidth : Gi0/1(100000 Mbits), Gi0/2(100000 Mbits)

Common Errors

www.fs.com

2071

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



A configured interface is not a layer-2 physical interface or AP interface.

1.4.3 Configuring MAC Address Update

Configuration Effect



Rapidly delete and update MAC addresses of an interface during link switching to make packet convergence faster.

Notes



Dual link backup of REUP must be configured.



Eachdevicecanbeconfiguredwithamaximumof8addressupdategroups.Eachaddressupdategroupcanhaveamaximum
of 8 member interfaces and an interface can belong to multiple address update groups.

Configuration Steps



Mandatory.



If there is no special requirement, the MAC address update function should be configured.

Verification
Runtheshowmac-address-tableupdategroup[detail]commandtoviewtheupdategroup
configuration.
Related Commands



Configuring the MAC Address Update Group ID of a Switch

Command
Parameter

mac-address-table update group [group-num]
group-num: Indicates the MAC address update group ID.

Description
Command

Interface configuration mode

Mode
Usage Guide

In order to reduce large flooding caused by MAC address update which may affect normal data transmission of the
switch, we add a setting of aMAC address update group. Only after all interfaces on a switching path are added to
the same MAC address update group, transmission of downlink data can be rapidly recovered.



Enabling Sending of MAC Address Update Messages

Command

mac-address-table move update transit

Parameter

-

Description
Command

Command Mode

Mode
Usage Guide

Toreduce link switching and loss of downlink data streams, you need to enable sending of MAC address update
messages on a switch that performs switching.



Enabling Sending of the VLAN ID of MAC Address Update Messages

Command

mac-address-table move update transit vlanvid

Parameter

vid: Indicates the VLAN ID for sending MAC address update messages.
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Description
Command

Interface configuration mode

Mode
Usage Guide

After sending of MACaddress update messages is enabled, MAC address update messages can be sent to uplink
devices during link switching.

Configure the maximum number of MAC address update packets sent per second.



Configuring the Maximum Number of MAC Address Update Packets Sent Per Second

Command

mac-address-table move update max-update-ratepkts-per-second

Parameter

pkts-per-second: Indicates the maximum number of MAC address update packets sent per second. The value ranges

Description

from 0 to 32000. The default value is 150.

Command

Configuration mode

Mode
Usage Guide

Duringlinkswitching,REUPsends MACaddressupdatepacketsof a specifiedquantitytouplink devicesper second
to recover the downlink data transmission of the uplink device.



Enabling Receiving of MAC Address Update Messages

Command

mac-address-table move update receive

Parameter

-

Description
Command

Configuration mode

Mode
Usage Guide

During switching of dual link backup, downlink data streams may be lost since the MAC address table of the uplink
switch is not updated in real time. In order to reduce loss of layer-2 data streams, you need to update the MAC
addresstableoftheuplinkswitch.Inthiscase,youneedtoenablereceivingofMACaddressupdatemessagesonthe
uplink switch.



Configuring the VLAN Range for Processing MAC Address Update Messages

Command

mac-address-table move update receive vlanvlan-range

Parameter

vlan-range: Indicates the VLAN range for processing MAC address update messages.

Description
Command

Configuration mode

Mode
Usage Guide

This command is used to disable the function for processing MAC address update messages on certain VLANs. For a
VLAN disabled with the function for processing MAC address update messages, MAC address update packets can be
usedtorecoverthedownlinktransmissionofuplinkdevices;however,theconvergenceperformanceforlinkfaults
will be decreased.

Configuration Example



Configuring MAC Address Update

Scenario

As shown in Figure 1-6, there are two upstream links from switch D to switch A, which are switch D > switch B >
switch A and switch D > switch C > switch A. There are two upstream links from switch E to switch A, which are switch
E > switch B > switch A and switch E > switch C > switch A.
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Configuration



Enable sending of MAC address update messages on the access switch D (E).

Steps



Enable receiving of MAC address update packets on switch B (C).



Add all interfaces on the REUP switching path to the same MAC address update group.



In the environment, Gi0/1 and Gi0/3 of switch B are the interfaces on the switching path of switch D's uplink,
and Gi0/3and Gi0/2aretheinterfacesontheswitchingpathof switchE'suplink.Youcanadd interfacesGi0/1,
Gi0/2 and Gi0/3 to the same address update group. Similarly, you can obtain the configuration of switch C.

D



Enable receiving of MAC address update packets on switch A.



Add all interfaces on the REUP switching path of switch A to the same MAC address update group.

SwitchD> enable
SwitchD# configure terminal
SwitchD(config)# mac-address-table move update transit
SwitchD(config)# exit

E

SwitchE> enable
SwitchE# configure terminal
SwitchE((config)# mac-address-table move update transit
SwitchE(config)# exit

B

SwitchB# configure terminal
SwitchB(config)# mac-address-table move update receive
SwitchB(config)# interface range gigabitEthernet 0/1 -3
SwitchB(config-if-range)#switchport mode trunk
SwitchB(config-if-range)# mac-address-table update group 1
SwitchB(config-if-range)# end

C

SwitchB# configure terminal
SwitchB(config)# mac-address-table move update receive
SwitchB(config)# interface range gigabitEthernet 0/1 -3
SwitchB(config-if-range)#switchport mode trunk
SwitchB(config-if-range)# mac-address-table update group 1
SwitchB(config-if-range)# end
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A

SwitchA# configure terminal
SwitchA(config)# mac-address-table move update receive
SwitchA(config)# interface range gigabitEthernet 0/1 -2
SwitchA(config-if-range)# switchport mode trunk
SwitchA(config-if-range)# mac-address-table update group 1
SwitchA(config-if-range)# end

Verification

Check the information about the address update groups on switches D, E, C, B and A.

D

SwitchD# show run | incl mac-ad
mac-address-table move update transit

E

SwitchE# show run | incl mac-ad
mac-address-table move update transit

B

SwitchB# show mac-address-table update group detail
show mac-address-table update group detailMac-address-table Update Group:1
Received mac-address-table update message count:0
Group member

Receive Count

Last Receive Switch-ID

Receive Time

--------------------------------------------------------------------------------------------

C

Gi0/1

0

0000.0000.0000

Gi0/2

0

0000.0000.0000

Gi0/3

0

0000.0000.0000

SwitchC# show mac-address-table update group detail
Mac-address-table Update Group:1
Received mac-address-table update message count:0
Group member

Receive Count

Last Receive Switch-ID

Receive Time

--------------------------------------------------------------------------------------------

A

Gi0/1

0

0000.0000.0000

Gi0/2

0

0000.0000.0000

Gi0/3

0

0000.0000.0000

SwitchA# show mac-address-table update group detail
Mac-address-table Update Group:1
Received mac-address-table update message count:0
Group member
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-------------------------------------------------------------------------------------------Gi0/1

0

0000.0000.0000

Gi0/2

0

0000.0000.0000

Common Errors



A configured interface is not a layer-2 physical interface or AP interface.

1.4.4 Configuring VLAN Load Balance

Configuration Effect



Maximize the utilization of link bandwidth.

Notes



Dual link backup of REUP must be configured.



The Access interface cannot be shared by VLAN load balance and STP.



ForinterfacessuccessfullyconfiguredwithVLANloadbalance,youcannotmodifytheattributesoftheinterfacesbutcan
modify the VLAN attributes of the interfaces.

Configuration Steps



If maximizing bandwidth utilization is not required, this configuration is optional.



If there is a requirement for VLAN load balance, corresponding configuration must be performed.

Verification
Run the show interfaces switchport backup [detail] command to check whether VLAN load balance is
configured.
Related Commands



Configuring VLAN Load Balance

Command

switchport backup interface interface-id prefer instance instance-range

Parameter

interface-id: Indicates the backup interface ID.

Description

instance-range: Indicates the load instance range of the backup interface.

Command

Interface configuration mode

Mode
Usage Guide

You can modify the mapping between instances and VLANs by using the instance mapping function of MSTP.

Configuration Example



Configuring VLAN Load Balance

Scenario

As shown in Figure 1-6, there are two upstream links from switch D to switch A, which are switch D > switch B >
switch A and switch D > switch C > switch A. There are two upstream links from switch E to switch A, which are switch
E > switch B > switch A and switch E > switch C > switch A.

Configuration
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Steps

instance 3, and VLAN 4 to instance 4. For details, see the MSTP Configuration Guide.


D

Configure the VLAN load balance function on switch D (E).

SwitchD> enable
SwitchD# configure terminal
SwitchD(config)# interface GigabitEthernet 0/1
SwitchD(config-if-GigabitEthernet 0/1)# switchport mode trunk
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi0/2 prefer instance 2
SwitchD(config-if-GigabitEthernet 0/1)# exit

E

SwitchE> enable
SwitchE# configure terminal
SwitchE(config)# interface GigabitEthernet 0/1
SwitchE(config-if-GigabitEthernet 0/1)# switchport mode trunk
SwitchD(config-if-GigabitEthernet 0/1)#switchport backup interface gi0/2 prefer instance 4
SwitchD(config-if-GigabitEthernet 0/1)# exit

Verification



D

SwitchD#show interfaces switchport backup detail

Check the dual link backup information configured for switch D (E).

Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Up

Instances Preferred on Active Interface: Instance 0-1,3-64
Mapping VLAN1,3-4094

Instances Preferred on Backup Interface: Instance 2
Mapping VLAN2

Interface Pair : Gi0/1, Gi0/2
Preemption Mode : balance
Preemption Delay : 35 seconds
Bandwidth : Gi0/1(800 kbits), Gi0/2(100000 kbits)
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E

SwitchE#show interfaces switchport backup detail
Switch Backup Interface Pairs:
Active Interface

BackupInterface

State

-------------------------------------------------------------------------Gi0/1

Gi0/2

Active Up/Backup Up

Instances Preferred on Active Interface: Instance 0-3,5-64
Mapping VLAN1-3,5-4094

Instances Preferred on Backup Interface: Instance 4
Mapping VLAN4

Interface Pair : Gi0/1, Gi0/2
Preemption Mode : balance
Preemption Delay : 35 seconds
Bandwidth : Gi0/1(800 kbits), Gi0/2(100000 kbits)

Common Errors



The mappings between VLAN IDs and instances are not configured.

1.4.5 Configuring Link Tracking

Configuration Effect



After detecting that the upstream link is disconnected, forcibly disconnect the downstream link so that link switching can be
performed.

Notes



Dual link backup of REUP must be configured.



For the link state tracking function, each interface belongs to only one link state tracking group and each device can be
configuredwithup to2 link state tracking groups.Each linkstatetracking group can have 8upstream interfacesand 256
downstream interfaces.

Configuration Steps



Mandatory.



If there is no special requirement, the uplink tracking function should be configured.

Verification
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Run the show link state group command to view the configured link tracking information.
Related Commands



Enabling a Link State Tracking Group

Command

link state track [ num]

Parameter

num: Indicates the ID of a link state tracking group.

Description
Command

Configuration mode

Mode
Usage Guide



You can create a link tracking group and then add an interface to the specified tracking group.

Enabling the Downlink Delay Up for a Link State Tracking Group

Command

link state track num up-delay timer

Parameter

num: Indicates the ID of a link state tracking group.

Description

timer: Indicates the downlink delay up time, which is 0s by default.

Command

Global configuration mode

Mode
Usage Guide



You must enable the delay function so that the downstream link can be up after the delay.

Adding an interface to a Link Tracking Group

Command

ink stategroup num {upstream | downstream}

Parameter

num: Indicates the ID of a link state tracking group.

Description

upstream: Adds the interface as an upstream interface of the tracking group.
downstream: Adds the interface as a downstream interface of the tracking group.

Command

Interface configuration mode

Mode
Usage Guide

You can create a link tracking group and then add an interface to the specified tracking group.

Configuration Example



Configuring a Link Tracking Group

Scenario

As shown in Figure 1-6, there are two upstream links from switch D to switch A, which are switch D > switch B >
switch A and switch D > switch C > switch A. There are two upstream links from switch E to switch A, which are switch
E > switch B > switch A and switch E > switch C > switch A.

Configuration



Create link tracking group 1 on switch B (C).

Steps



OnswitchB(C),add theinterfacesGi0/1and Gi0/2asdownstreaminterfacesofthelinktrackinggroupand
add the interface Gi0/3 as an upstream interface of the link tracking group.
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B

SwitchB> enable
SwitchB# configure terminal
SwitchB(config)# link state track 1
SwitchB(config)# interface GigabitEthernet 0/1
SwitchB(config-if-GigabitEthernet 0/1)#link state group 1 downstreamSwitchB(config-if-GigabitEthernet 0/1)#exit
SwitchB(config)# interface GigabitEthernet 0/2
SwitchB(config-if-GigabitEthernet 0/2)# link state group 1 downstream
SwitchB(config-if-GigabitEthernet 0/2)#exit
SwitchB(config)# interface GigabitEthernet 0/3
SwitchB(config-if-GigabitEthernet 0/3)#link state group 1 upstream
SwitchB(config-if-GigabitEthernet 0/3)#exit

C

SwitchC> enable
SwitchC# configure terminal
SwitchC(config)# link state track 1
SwitchC(config)# interface GigabitEthernet 0/1
SwitchC(config-if-GigabitEthernet 0/1)#link state group 1 downstreamSwitchC(config-if-GigabitEthernet 0/1)#exit
SwitchC(config)# interface GigabitEthernet 0/2
SwitchC(config-if-GigabitEthernet 0/2)# link state group 1 downstream
SwitchC(config-if-GigabitEthernet 0/2)#exit
SwitchC(config)# interface GigabitEthernet 0/3
SwitchC(config-if-GigabitEthernet 0/3)#link state group 1 upstream
SwitchC(config-if-GigabitEthernet 0/3)#exit

Verification
B

Check the link tracking group information configured for switch B (C).
SwitchB#show link state group
LinkStateGroup:1 Status:enabled,Down
Upstream Interfaces :Gi0/3(Down)
Downstream Interfaces : Gi0/2(Down)

Common Errors



Interfaces are added to a link tracking group when the link tracking group is not enabled.
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1.5 Monitoring
Displaying
Description

Command

Displays the dual link backup information of

show interfaces[ interface-id]switchport backup [detail]

REUP.
Displays the configurations of an MAC address show mac-address-table update group [detail]
update group.
Displays the REUP statistics about sent MAC

show mac-address-table move update

address update messages.
Displays the information about a link state

show link state group

tracking group.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Enables all REUP debugging.

debug reup all

Debugs the normal running process of REUP.

debug reup process

Debugs MAC address update messages of REUP.

debug reup packet

Debugs MACaddressupdate packetsofREUP.

debug reup macupdt

Debugs hot backup.

debug reup ha

Debugs errors occurring in REUP running.

debug reup error

Debugs received events.

debug reup evnet

Debugs statistics when show operations are

debug reup status

performed.

2 Configuring RLDP
2.1 Overview
The Rapid Link Detection Protocol (RLDP) achieves rapid detection of unidirectional link failures,
directional forwarding failures and downlink loop failures of an Ethernet. When a failure is found,
relevant ports will be closed automatically according to failure treatment configuration or the user will
be notified to manually close the ports to avoid wrong flow forwarding or an Ethernet layer-2 loop.

2.2 Applications
Application

Description

Unidirectional Link Detection

Detect a unidirectional link failure.

Bidirectional Forwarding Detection

Detect a bidirectional link failure.

Downlink Loop Detection

Detect a link loop.
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2.2.1 Unidirectional Link Detection

Scenario
As shown in the following figure, A is connected to B via optical fiber.The two lines are the Tx and Rx
lines of optical fiber. Unidirectional link detection is enabled on A and B. If any of the Tx of Port A, Rx of
Port B,Tx of Port B and Rx of Port A fails, a unidirectional failure will be detected and treated under the
RLDP.If the failure is eliminated, the administrator may manually restore the RLDP on A and B and
resume detection.
Figure 2-1

Remarks

A and B are layer-2 or layer-3 switches.
The Tx of Port A of A is connected to the Rx of Port B of B.
The Rx of Port A of A is connected to theTx of Port B of B.

Deployment



Global RLDP is enabled.



Configure unidirectional link detection under Port A and Port B and define a method for failure treatment.

2.2.2 Bidirectional Forwarding Detection

Scenario
As shown in the following figure, A is connected to B via optical fiber, and the two lines are Tx and Rx
lines of optical fiber. Unidirectional link detection is enabled on A and B. If theTx of Port A, Rx of Port B,
Rx of Port A and Tx of Port B all fail, a bidirectional failure will be detected and treated under the RLDP.If
the failure is eliminated, the administrator may manually restore the RLDP on A and B and resume
detection.
Figure2-2

Remarks

A and B are layer-2 or layer-3 switches.
TheTx of Port A of A is connected to the Rx of Port B of B.
The Rx of Port A of A is connected to theTx of Port B of B.

Deployment
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Global RLDP is enabled.



Configure BFD under Port A and Port B and define a method for failure treatment.

2.2.3 Downlink Loop Detection

Scenario
As shown in the following figure, A, B and C are connect into a loop. Downlink loop detection is enabled
on A, and a loop is detected and treated.
Figure 2-3

Remarks

A, B and C are layer-2 or layer-3 switches.
A, B and C are interconnected via exchange ports.

Deployment



Global RLDP is enabled on A.



Configure downlink loop detection on the Gi 2/0/1 and Gi 2/0/9 ports of A, and define a method for failure treatment.

2.3 Features
Most Ethernet link detection mechanisms detect link connectivity through automatic physical-layer
negotiation. However, in some cases devices are connected on the physical layer and operate normally
but layer-2linkcommunication isdisabledor abnormal.The RLDPrecognizesaneighbor deviceand
detectsalinkfailurethrough exchangingProbpackets,Echopacketsor Looppacketswiththedevice.
Basic Concepts



Unidirectional LinkFailure
Aunidirectionallinkfailureoccursincaseofacross-connectedopticalfiber,adisconnectedopticalfiber,
an open-circuit optical fiber, one open-circuit line in a twisted-pair cable, or unidirectional open circuit
of an intermediate device between two devices. In such cases, one end of a link is connected and the
other disconnected so that flow is forwarded wrongly or a loop guard protocol (for example, the STP)
fails.



Bidirectional Link Failure
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A bidirectional link failure occurs in case of two optical fibers, two open-circuit lines in a
twisted-paircable, or bidirectional open circuitof an intermediate devicebetween twodevices.Insuch
cases, the both ends of a link are disconnected so that flow is forwarded wrongly.



Loop Failure
A downlink device is wrongly connected to form a loop, resulting in a broadcast storm.



RLDP Packet
The RLDP defines three types of packets: Prob packets, Echo packets and Loop packets.



Probpacketsarelayer-2multicastpacketsforneighbornegotiation, andunidirectionalor bidirectionallinkdetection.The
defaultencapsulationformatisSNAP,whichchangesautomaticallytoEthernetIIifaneighborsendsEthernetIIpackets.



Echo packets are layer-2 unicast packets as response to Prob packets and used for unidirectional or bidirectional link detection.
Thedefaultencapsulationformat isSNAP,whichchangesautomaticallytoEthernetIIifaneighborsends EthernetIIpackets.



Loop packets are layer-2 multicast packets for downlink loop detection. They can only be received. The default encapsulation
format is SNAP.



RLDP Detection Interval and Maximum Detection Times
A detection interval and the maximum detection times can be configured for the RLDP.A detection
interval determines the period of sending Prob packets and Loop packets.When a device receives a
Prob packet, it replies with an Echo packet immediately. A detection interval and the maximum
detection times determine the maximum detection time (equal to a detection interval × the maximum
detection times + 1) for unidirectional or bidirectional link detection. If neither Prob nor Echo packet
from a neighbor can be received within the maximum detection time, the treatment of unidirectional or
bidirectional failure will be triggered.



RLDP Neighbor Negotiation
When configured with unidirectional or bidirectional link detection, a port can learn a peer-end device
as its neighbor. One port may learn one neighbor, which is variable. If negotiation is enabled,
unidirectional or bidirectional link detection starts after a port finds a neighbor through negotiation,
whichsucceedswhenaportreceivesaProbpacketfromtheneighbor.However,iftheRLDPisenabled
under a failure, the port cannot learn a neighbor so that detection cannot start. In this case, recover the
link state before enabling the RLDP.



Treatment for Failed Port under RLDP



Warning: Only print Syslog toindicate a failed port and a failuretype.



ShutdownSVI:PrintSyslog,andtheninquireanSVIaccordingtotheAccessVLANorNativeVLANofaportandshutdownthe
SVI if the port is a physical exchange port or layer-2 AP member port.



Port violation: Print Syslog, and configure a failed port as in violation state, and the port will enter Linkdown state physically.



Block: Print Syslog, and configure the forward state of a port as Block, and the port will not forward packets.



Monitor: Print Syslog, and monitor the port state in real time, and notify other modules of the port state.
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Recovery of Failed Port under RLDP



Manual reset: Manually reset all failed ports to initialized state and restart link detection.



Manualorautomaticerrdisablerecovery: Recoverallfailedportstoinitializedstatemanuallyorregularly(30sbydefaultand
configurable) and restart link detection.



Automatic recovery: Under unidirectional or bidirectional link detection, if the treatment for failed ports is not specified as port
violation, recover ports to initialized state based on Prob packets and restart link detection.



Automaticrldperror-recoverinterval:Enablethedevicetorecoverallfailedportstoinitializedstateregularly(Configurable)
and restart linkdetection.



Port State under RLDP



normal: Indicates the state of a port after link detection is enabled.



error: Indicates the state of a port after a unidirectional or bidirectional link failure or a loop failure is detected.



Overview

Feature

Description

Deploying RLDP

Enable unidirectional or bidirectional link detection or downlink loop detection for failures and implement

Detection

treatment.

2.3.1 Deploying RLDP Detection

TheRLDP providesunidirectional linkdetection, bidirectional forwarding detectionand downlink loop
detection.
Working Principle



Unidirectional Link Detection
Whenthisfunctionisenabled, aport sendsProb packetsand receivesEcho packetsfromaneighbor
regularlyaswellasreceivingProbpacketsfromaneighborand replyingwithEchopackets.Withinthe
maximum detection time, if the port receives Prob packets but no Echo packets, or none of them,
treatment for a unidirectional failure will be triggered and detection will stop.



Bidirectional Forwarding Detection
Whenthisfunctionisenabled, aport sendsProb packetsand receivesEcho packetsfromaneighbor
regularlyaswellasreceivingProbpacketsfromaneighborand replyingwithEchopackets.Withinthe
maximum detection time,if the port receives neither Prob packets nor Echo packetsfroma neighbor,
treatment for a bidirectional failure will be triggered and detection will stop.



Downlink Loop Detection
Whenthisfunctionisenabled, aport sendsLooppacketsregularly.Inthe followingcases,aloopfailure
will be triggered after the same port or a different port receives the packets: in one case, the egress and
ingress ports are the same routed port or layer-3 AP member port; in another case, the egress and
ingressports areexchange ports or layer-2 AP member ports in a same default VLAN and in Forward
state. Treatment for the failure will be implemented and detection will stop.
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Related Configuration



Configuring RLDP Detection
By default, RLDP detection is disabled.
Youmay run theglobal command rldp enable or the interface command rldpport to enable RLDP
detection and specify a detection type and treatment.
You may run the rldp neighbor-negotiation command to neighbor negotiation, the rldp
detect-interval to specify a detection interval, the rldp detect-max to specify detection times, the rldp
error-recover interval to recover failed ports regularly, or the rldp reset to recover a failed port.

2.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable RLDP detection under global configuration mode.
rldp enable

Enables global RLDP detection on all ports.

(Mandatory)It is used tospecify under interfaceconfiguration mode a detection type and
failure treatment for an interface.
rldp port

Enables RLDP detection on a port and specifies
a detection type and failure treatment.

(Optional)It is used to configure a detection interval, detection times and neighbor negotiation
Configuring Basic RLDP
Functions

under global configuration mode.
rldp detect-interval

Modifies global RLDP parameters on all ports,

rldp detect-max

such as the detection interval, maximum

rldp neighbor-negotiation
rldp error-recover interval

detection times and neighbor negotiation.
Configures the time interval for recovering
failed ports. This function is disabled by default.

(Optional) It is used under privileged mode.
rldp reset

Recovers all ports.

2.4.1 Configuring Basic RLDP Functions

Configuration Effect



Enable RLDP unidirectional link detection, bidirectional forwarding detection, or downlink loop detection to discover failures.

Notes



Loop detection is effective to all member ports of an AP when configured on one of the ports. Unidirectional link detection and
bidirectional forwarding detection are effective only on an AP member port.



The loop detection on a physical port added to an AP shall be configured the same as that of the other member ports.There are
three cases. First, if loop detection is not configured on a newly-added port but on the existing member ports, the new port
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adopts the configuration and detection results of the existing ports. Second, if a newly-added port and the existing member
ports have different loop detection configuration, the new port adopts the configuration and detection results of the existing
ports.



When configuring the RLDP on an AP port, you may configurefailure treatment only as "shutdown-port",towhich other
configurations will bemodified.



When "shutdown-port" is configured on a port, RLDP detection cannot be restored in case of a failure. After troubleshooting,
you may run the rldpreset or errdisable recovery command to restorethe port and resume detection. For configuration of the
errdisable recovery command, please refer to the SWITCH-INTF-SCG.doc.

Configuration Steps



Enabling RLDP



Mandatory.



Enable RLDP detection on all ports under global configuration mode.



Enabling Neighbor Negotiation



Optional.



Enable the function under global configuration mode, and port detection will be started under successful neighbor negotiation.



Configuring Detection Interval



Optional.



Specify a detection interval under global configuration mode.



Configuring Maximum Detection Times



Optional.



Specify the maximum detection times under global configuration mode.



Configuring a Time Interval for Recovering Failed Ports



Optional.



Configure the time interval for recovering the failed port under global configuration mode.



Configuring Detection under Port



Mandatory.



Configure unidirectional RLDP detection, bidirectional RLDP detection or downlink loop detection under interface
configuration mode, and specify failure treatment.



Restoring All Failed Ports



Optional.



Enable this function under privileged mode to restore all failed ports and resume detection.
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Verification



Display the information of global RLDP, port and neighbor.

Related Commands



Modifying Global RLDP Detection Parameters

Command

rldp { detect-interval interval | detect-max num | neighbor-negotiation }

Parameter

detect-interval interval: Indicates a detection interval.

Description

detect-max num: Indicates detection times.
neighbor-negotiation: Indicates neighbor negotiation.

Command

Global configuration mode

Mode
Usage Guide



Modify all RLDP parameters on all ports when necessary.

Configuring A Time Interval for Recovering Failed Ports

Command

rldp error-recover interval interval

Parameter

interval: Indicates a recovery interval. The unit is second.The range isfrom 30 to86400. This function isdisabled by

Description

default.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure a time interval for recovering the state (Error state) of failed ports. If the loop is
eliminated, the topology environment will be automatically recovered.



Enabling RLDP Detection on Interface

Command

rldpport { unidirection-detect | bidirection-detect | loop-detect } { warning | shutdown-svi | shutdown-port |
block | monitor }

Parameter

unidirection-detect: Indicates unidirectional link detection.

Description

bidirection-detect: Indicates bidirectional forwarding detection.
loop-detect: Indicates downlink loop detection.
warning: Indicate the failure treatment is warning.
shutdown-svi: Indicate the failure treatment is closing the SVI that the interface is on.
shutdown-port: Indicates the failure treatment is port violation.
block: Indicates the failure treatment is disabling learning and forwarding of a port.
monitor: Indicates the failure treatment is monitoring the port state.

Command

Interface configuration mode

Mode
Usage Guide

The interfaces include layer-2 switch ports, layer-3 routed ports, layer-2 AP member ports, and layer-3 AP member
ports.
PortsonwhichRLDP isenabled tohandledownlink loop failuresarerandom. For example,RLDP downlinkloop
detection is configured on both downlink ports A and B, and the configured failure handling mode of port A is
warning while that of port B is shutdown-port. When there is a downlink loop between port A and port B, port A
may detect the downlink loop failure prior to port B. After port A completes failure handling according to the
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configuration, it no longer sends packets to detect the downlink loop status. Port B fails to detect the downlink loop
failure because it does not receive a loop detection packet from port A, but the downlink loop actually persists. If a
detected downlink loop needs to be actually removed in application scenarios, downlink ports in the same loop
must be restricted to use a consistent loop failure handling mode and the loop failure handling mode cannot be
warning.
The monitor policy can be configured for the unidirectional link detection in order to correlate with ERPS (Ethernet
Ring Protection Switching).



Modifying Global RLDP Detection Parameters

Command

rldp {detect-interval interval | detect-max num | neighbor-negotiation }

Parameter

detect-interval interval: Indicates a detection interval.

Description

detect-max num: Indicates detection times.
neighbor-negotiation: Indicates neighbor negotiation.

Command

Global configuration mode

Mode
Usage Guide



Modify all RLDP parameters on all ports when necessary.

Recovering Failed Port

Command

rldp reset

Parameter

N/A

Description
Command

Privileged mode

Mode
Usage Guide



Recover all failed ports to initialized state and resume detection.

Displaying RLDP State Information

Command

show rldp [ interface interface-name ]

Parameter

interface-name: Indicates the interface to display information of.

Description
Command

Privileged mode, global configuration mode, or interface configuration mode

Mode
Usage Guide

Display RLDP state information.

Configuration Example



Enabling RLDP Detection in Ring Topology
Asshown inthefollowingfigure,theaggregationand accesssectionsareinaringtopology.The STPisenabled onall
devices to prevent loop and provide redundancy protection. To avoid a unidirectional or bidirectional link failure
resulting in STP failure, RLDP unidirectional and bidirectional link detection is enabled between aggregation devices
as well as between an aggregation deviceand the accessdevice.Toavoid loopdue to wrong downlink connection of
the aggregation devices, enable RLDP downlink loop detection on the downlink ports of the aggregation devices
and of the access device. Toavoid loop due to wrong downlink connection of the access device, enable RLDP
downlink loop detection on the downlink ports of the access device.
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Figure 2-4

Configuration



Steps

SW A and SW B are aggregation devices, and SW C is an access device. Users connected to SW C. SW A, SW B
andSWCarestructuredinaringtopology,andtheSTPisenabledoneachofthem.ForSTPconfiguration,refer
to relevant configuration guide.



EnabletheRLDP on SW A,enable unidirectional and bidirectional linkdetectionon the twoports,and enable
loop detection on the downlink port.



EnabletheRLDPon SW B,enableunidirectional and bidirectional linkdetectionon thetwoports,and enable
loop detection on the downlink port.



Enable the RLDP on SW C, enable unidirectional and bidirectional link detection on the two uplink ports, and
enable loop detection on the two downlink ports.

A

A#configure terminal
A(config)#rldp enable
A(config)#interface GigabitEthernet 2/0/1
A(config-if-GigabitEthernet2/0/1)#rldpport unidirection-detectshutdown-port
A(config-if-GigabitEthernet 2/0/1)#rldp port bidirection-detect shutdown-port
A(config-if-GigabitEthernet 2/0/1)# exit
A(config)#interface GigabitEthernet 2/0/9
A(config-if-GigabitEthernet2/0/1)#rldpport unidirection-detectshutdown-port
A(config-if-GigabitEthernet 2/0/1)#rldp port bidirection-detect shutdown-port
A(config-if-GigabitEthernet 2/0/1)#rldp port loop-detect shutdown-port
A(config-if-GigabitEthernet 2/0/1)#exit

B

Applytheconfigurationon SWA.

C

C#configure terminal
C(config)#rldp enable
C(config)#interface GigabitEthernet 0/49
C(config-if-GigabitEthernet 0/49)#rldp port unidirection-detect shutdown-port
C(config-if-GigabitEthernet 0/49)#rldp port bidirection-detect shutdown-port
C(config-if-GigabitEthernet 0/49)# exit
C(config)#interface GigabitEthernet 0/50
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C(config-if-GigabitEthernet 0/50)#rldp port unidirection-detect shutdown-port
C(config-if-GigabitEthernet 0/50)#rldp port bidirection-detect shutdown-port
C(config-if-GigabitEthernet 0/50)#exit
C(config)#interface GigabitEthernet 0/1
C(config-if-GigabitEthernet0/1)#rldpportloop-detectshutdown-port
C(config-if-GigabitEthernet 0/1)#exit
C(config)#interface GigabitEthernet 0/2
C(config-if-GigabitEthernet0/2)#rldpportloop-detectshutdown-port
C(config-if-GigabitEthernet 0/2)#exit
Verification



A

A#show rldp

Check the RLDP information on SW A, SW B and SW C. Take SW A for example.

rldp state

:enable

rldp hello interval: 3
rldp max hello

2

rldp local bridge : 00d0.f822.33aa
----------------------------------Interface GigabitEthernet 2/0/1
port state

: normal

neighbor bridge : 00d0.f800.51b1
neighbor port

:GigabitEthernet2/0/1

unidirection detect information:
action: shutdown-port
state : normal
bidirection detect information:
action: shutdown-port
state : normal

Interface GigabitEthernet 2/0/9
port state

: normal

neighbor bridge : 00d0.f800.41b0
neighbor port

: GigabitEthernet 0/49

unidirection detect information:
action: shutdown-port
state : normal
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bidirection detect information:
action: shutdown-port
state : normal
loop detect information:
action: shutdown-port
state : normal
Common Errors



RLDP functions and private multicast address authentication or TPP are enabled at the same time.



Neighbor negotiation isnot enabled when configuring unidirectional or bidirectional linkdetection. The RLDP should be
enabled on a neighbor device, or otherwise a unidirectional or bidirectional failure will be detected.



If RLDP detection is configured to be implemented after neighbor negotiation while configuring unidirectional or bidirectional
link detection, detection cannot be implemented as no neighbor can be learned due to a link failure. In this situation, you are
suggested to recover the link state first.



You are suggested not to specify the failure treatment as Shutdown SVI under a routed port.



Youare suggested not to specify the failure treatment as Block for a port, on which a loop protection protocol is enabled, for
example, the STP.

2.5 Monitoring
Displaying
Description

Command

Displays RLDP state.

show rldp [ interface interface-name ]

3 Configuring DLDP
3.1 Overview
The Data Link Detection Protocol (DLDP) is a protocol used to quickly detect faulty Ethernet links.
Atypical Ethernet linkdetection mechanismdetects physical linkconnectivitythrough autonegotiation
at the physical layer. Such amechanism has limitationswhen detecting Layer-3data communication
exceptions despite normal physical connections.
DLDP provides reliable Layer-3 link detection information. After detecting a faulty link, DLDP shuts
down the logical state of Layer-3 ports to realize fast Layer-3 protocol convergence.

3.2 Applications
Application

Description

Intra-NetworkSegmentDLDPDetection

The source IP address of the detected port and the detected IP address are in the same
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network segment.
Inter-NetworkSegmentDLDPDetection

The source IP address of the detected port and the detected IP address are in different
network segments.

3.2.1 Intra-Network Segment DLDP Detection

Scenario
This section describes the basic DLDP application scenario where the source IP address of the detected
port and the detected IP address are in the same network segment.
In Figure 3-1, the Gi 0/1 Layer-3 port on Switch A and the Gi 0/2 Layer-3 port on SwitchC are in the same
network segment. Todetect the Layer-3 link connectivity from Gi 0/1 to Gi 0/2, enable DLDP on Gi 0/1 or
Gi 0/2.
Figure 3-1

Remarks

Device A and Device C are switches.
Gi0/1and Gi 0/2 areLayer-3 portsinthesamenetworksegment.
B is a network inthe same network segment as Gi 0/1 and Gi 0/2.

Deployment



Enable DLDP on Gi 0/1 or Gi 0/2.

3.2.2 Inter-Network Segment DLDP Detection

Scenario
This section describes the DLDP application scenario where the source IP address of the detected port
and the detected IP address are in different network segments.
In Figure 3-2 the Gi 0/1 Layer-3 port on Switch A and the Gi 0/4 Layer-3 port on Switch D are in different
network segments.Todetect the Layer-3 link connectivityfromGi 0/1 to Gi 0/4, enable DLDP on Gi 0/1
and configure the DLDP next-hop IP address (IP address of the Gi 0/2 port on Switch B).
Figure 3-2

Remarks

Device A, Device B, and Device D are switches.
Gi 0/1 and Gi 0/4 are Layer-3 ports in different network segments.
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Deployment



Enable DLDP on Gi 0/1 and configure the DLDP next-hop IP address.

3.3 Features
Basic Concepts



DLDP Detection Interval and Retransmission Times
Detection interval: Indicates the interval at which DLDP detection packets (ICMP echo) are transmitted.
Retransmission times: Indicate the maximum times DLDP detection packets can be retransmitted in the
case of a DLDP detection failure.
When a network device does not receive a reply packet from the peer end within the period of the
detectioninterval multipliedby theretransmission times, thedevicedetermines that aLayer-3link
failureoccurs and shuts down the logical state of its Layer-3 port (despite the normal physical link
connection).WhenLayer-3linkconnectivityisrecovered,thedevicerestoresitsLayer-3porttoUp
logical state.



DLDP Detection Modes
Active mode and passive mode are two DLDP detection modes.
Active mode (default): ICMP detection packets are sent actively.
Passive mode: ICMP detection packets are received passively.



DLDP Next Hop
Next hop: Indicatesthe next node connected tothedetectedIPaddressininter-networksegment DLDP
detection.
In some cases, DLDP needs to detect IP reachability in non-directly connected network segments. You
need to configure the next-hop IP address for the detected port to allow DLDP to obtain the next-hop
MAC address through an ARP packet before sending a correct ICMP packet.
In this situation, you need to avoid the return of the reply packet from another link; otherwise, DLDP will
misjudge that the detected port does not receive an ICMP reply.



DLDP Recovery Times
Recovery times: Indicate the times DLDP needs to receive consecutive reply packets (ICMP reply) before
it can determine link failure recovery.
Insome cases, linkdetection may be unstable. For example, a link isonly intermittently pingable. In this
case,DLDPrepeatedlychangesthelinkstatusbetweenUpandDown,whichmayfurtherdestabilizethe
ring network.
Recovery times indicate the times DLDP needs to receive consecutive reply packets before DLDP can set
the link in Down state to Up. The default recovery times are three times, indicating that the link needs to
be successfully pinged three times before it is set to Up. The recovery times setting reduces link
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detection sensitivity but increases stability. Related parameters are adjustable according to the network
condition.



DLDP Bound MAC Address
Bound MAC address: Indicates the MAC address bound to the detected IP address.

Inacomplexnetworkenvironment,DLDPmayobtainaninvalidMACaddressifthedetectedlinkhasabnormalARPpackets
transmitted (causing ARP spoofing), which will make DLDP detection abnormal.
Toaddressthisproblem,youcanbindthedetectedIPaddress(ornext-hopIPaddress)toastaticMACaddresstoavoidaDLDPfailure
in the case of ARP spoofing.
Overview
Feature

Description

DLDP Detection

Detects Layer-3 link connectivity. When a Layer-3 link is abnormal, DLDP shuts down the Layer-3 port.

MAC Address Binding

Binds thedetectedIPaddresstotheMACaddressof thedetected devicetoavoidDLDP exceptions otherwise
caused by ARP spoofing.

Passive DLDP

When both ends of the detected link are enabled with DLDP,you can configure one end in passive mode to

Detection

save bandwidth and CPU resources.

3.3.1 DLDP Detection

DLDP detects Layer-3 link connectivity. When a Layer-3 link is abnormal, DLDP shuts down the
corresponding Layer-3 port.
Working Principle
AfterDLDPdetectionisenabled,DLDPsendsanARPpackettoobtaintheMACaddressandoutbound
port of the detected device or the next-hop device. Then DLDP periodically sends IPv4 ICMP echo
packets tothe MAC address and outbound port to detect link connectivity. If DLDP does not receive an
IPv4ICMPreplypacketfromthedetecteddevicewithinaspecificperiod, DLDPdetermines that thelink
is abnormal and sets the Layer-3 port to Down.
Related Configuration



Enabling DLDP Detection
By default, DLDP detection is disabled on ports.
Run the dldp command with the detected IP address specified to enable DLDP detection.
You can configure the next-hop IP address, MAC address of the detected device, transmission interval,
retransmission times, and recovery times based on the actual environment.

3.3.2 MAC Address Binding

TheMACaddress bindingfeature isusedtobindthedetectedIPaddress(ornext-hopIPaddress)tothe
MAC address of the detected device (or next-hop device) to avoid DLDP exceptions otherwise caused by
ARP spoofing
Working Principle
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You can bind the detected IP address (or next-hop IP address) to a static MAC address to avoid a DLDP
failure in the case of ARP spoofing.
Related Configuration
By default, no MAC address is bound in DLDP detection.
Bind the MAC address of the detected devicewhen you run the dldp command to enable DLDP
detection.If thenext-hop IPaddressisspecified,bind the MACaddress ofthenext-hop device.
After DLDP detection is enabled, DLDP sends ARP packets and ICMP packets with a fixed destination IP
address and a fixed destination MAC address. If the source IP address and MAC address in the received
packet do not match the bound IP address and MAC address, DLDP will not process the packet.
3.3.3 Passive DLDP Detection

When both ends of the detected link areenabled with DLDP,you can configure one end inpassive
mode to save bandwidth and CPU resources.
Working Principle
After the device at the local end sends an ICMP echo packet, the peer device determines link
connectivityaccordingtothe packet reception timeby usingspecificdetection parameters, whichare
the same as those at the local end, thus saving bandwidth and CPU resources.
Related Configuration
By default, passive DLDP detection is disabled.
Run the dldp passive command to enable passive DLDP detection.
After passive DLDP detection is enabled, DLDP will return an ICMP reply packet upon receiving an ICMP
echopacket,insteadofactivelysendingICMPechopacketstothepeerend.IfDLDPdoesnotreceivean
ICMP echo packet within a specific period, it determines that the link to the peer port is abnormal.

3.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable DLDP detection in interface configuration mode.
dldp

Enables DLDP detection.
(Mandatory) It is used to enable passive DLDP detection in interface configuration mode.

Enabling DLDP Detection

dldp passive

Enables passive DLDP detection.

(Optional)Itisusedtoconfigurethedetectioninterval,retransmissiontimes,andrecovery
times of DLDP detection in global configuration mode.
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3.4.1 Enabling DLDP Detection

Configuration Effect



Detect Layer-3 link connectivity. When a Layer-3 link is abnormal, DLDP shuts down the Layer-3 port.

Notes



DLDPsupports theconfiguration of multipleIP addresseson a Layer-3port. DLDP setsthe port toDown when none of the IP
addresses receives an ICMP reply. If one IP address resumes communication, DLDP sets the port to Up again.



DLDP uses the first IP address of the Layer-3 port as the source IP address of detection packets.

Configuration Steps



Enabling DLDP Detection



Mandatory.



When you enable DLDP detection in interface configuration mode, you can configure the next-hop IP address, MAC address,
transmission interval, retransmission times, and recovery times based on the actual environment.



Configuring a DLDP Detection Mode



Optional.



You can configure active or passive DLDP detection in interface configuration mode based on the actual environment.



IfDLDP detectionneeds tobe enabled at bothends of aLayer-3 link, youcan configure passiveDLDP detection at one end to
save bandwidth and CPU resources.



Configuring DLDP Parameters Globally



Optional.



Youcan modifytheparameters of DLDP detectionon all portsinglobal configuration mode based onrequirements.The
parameters include the packet transmission interval, packet retransmission times, and recovery times.

Verification



Display the device DLDP information, including the status and statistics of DLDP detection on all ports.

Related Commands



Enabling DLDP Detection

Command

dldp ip-address[ next-hop-ip ] [ mac-address mac-addr ] [ interval tick ] [ retry retry-num ] [ resume resume-num ]

Parameter

ip-address: Indicates the detected IP address.

Description

next-hop-ip: Indicates the next-hop IP address.
mac-addr:IndicatestheMACaddressofthedetecteddevicetobebound.Ifthenext-hopIPaddressisspecified,bind
the MAC address of the next-hop device.
tick:Indicates theinterval at whichdetection packetsaretransmitted.The value ranges from5 to6,000 ticks (1tick=
10 ms). The default value is 100 ticks (1s).
retry-num: The value ranges from 1 to 3,600. The default value is 4.
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resume-num: Indicates the recovery times. The value ranges from 1 to 200. The default value is 3.
Command

Interface configuration mode

Mode
Usage Guide



The port to be enabled with DLDP detection must be a Layer-3 port, such as a router port, L3AP port, and SVI port.

Configuring a DLDP Detection Mode

Command

dldp passive

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



You need to enable DLDP detection before configuring a DLDP detection mode.

Modifying DLDP Detection Parameters Globally

Command

dldp { interval tick | retry retry-num | resume resume-num }

Parameter

tick:Indicates theinterval at whichdetection packetsaretransmitted.The value ranges from5 to6,000 ticks (1tick=

Description

10 ms). The default value is 100 ticks (1s).
retry-num: Indicates the interval at which detection packets are retransmitted. The value ranges from 1 to 3,600. The
default value is 4.
resume-num: Indicates the recovery times. The value ranges from 1 to 200. The default value is 3.

Command

Global configuration mode

Mode
Usage Guide

Use this command to quickly modify the parameters of DLDP detection on all ports when the actual environment is
changed.



Displaying the DLDP Status

Command

show dldp statistic [ interface interface-name ]

Parameter

interface-name: Indicates the Layer-3 port on which the DLDP status will be displayed.

Description
Command

Privileged mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

Use this command to display the DLDP status on a specific port.
You can also use this command to display the DLDP status on all ports.

Configuration Example



Enabling DLDP Detection on Layer-3 Ports on Device A and Device B in a Layer-3 Network

Scenario
Figure 3-3
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Verification



Enable DLDP detection on the Gi 0/1 and Gi 0/2 router ports on Device A to detect the Layer-3 link connectivity
between Device A and Device B and that between Device A and Device D.


A

To control the Gi 0/2 router port of Device B, enable passive DLDP detection on the port.

A#configure terminal
A(config)#interface GigabitEthernet 0/1
A(config-if-GigabitEthernet 0/1)#dldp 192.168.1.2
A(config-if-GigabitEthernet 0/1)# exit
A(config)#interface GigabitEthernet0/2
A(config-if-GigabitEthernet 0/1)#dldp 192.168.3.4 192.168.2.3

B

B#configure terminal
B(config)#interface GigabitEthernet 0/2
B(config-if-GigabitEthernet 0/1)#dldp 192.168.1.1
B(config-if-GigabitEthernet 0/1)#dldp passive

Verification



Display the DLDP status on Device A and Device B to check whether DLDP detection is enabled and works
normally.

A

A# show dldp
Interface Type

Ip

--------- ------- ----------- -----------

B

Next-hop

Interval Retry

-------- -----

------ ------

Gi0/1

Active

192.168.1.2

100

Gi0/1

Active

192.168.3.4 192.168.2.3 100

Resume State

4
4

3

Up
Up

3

B# show dldp
Interface Type

Ip

--------- ------- ----------- ----------Gi0/2

Passive 192.168.1.1

Next-hop

Interval Retry

-------- -----

------ -----100

Resume State

4

3

Up

Common Errors



An unreachable IPv4 unicast route is misjudged as a DLDP detection failure.



DLDP detection fails because the peer device does not support ARP/ICMP replies.



No next-hop IP address is configured in inter-network segment DLDP detection.
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3.5 Monitoring
Clearing
Description

Command

Clears DLDP statistics.

clear dldp [ interface interface-name [ ip-address ] ]

Displaying
Description

Command

Displays the DLDP status.

show dldp [ interface interface-name ]

Displays the DLDP statistics on the

show dldp statistic

Up/Down port sates.

4 Configuring VRRP
4.1 Overview
Virtual Router Redundancy Protocol (VRRP) is a fault-tolerant routing protocol.
VRRP adopts the master-backup design to ensure migration of functions from a Master router to a
Backup one when the Master failed, without influencing internal and external data communication or
modifying Local Area Network (LAN) configuration. AVRRP group maps multiplerouters into a virtual
router.VRRPensuresonlyonerouteratamomentonbehalfofavirtualroutertransferspackets,whichis
theelectedMaster.IftheMasterfails,oneoftheBackuprouterswillreplaceit.UnderVRRP,itseemsthat
a host in a LAN uses only one router, and the routing remains functional even when the first-hop router
fails.



VRRP is applicable to LAN scenarios which require the redundancy of routing egresses.

Protocols and Standards



RFC2338: Virtual Router Redundancy Protocol



RFC3768: Virtual Router Redundancy Protocol (VRRP)



RFC5798: Virtual Router Redundancy Protocol (VRRP) Version 3 for IPv4 and IPv6

4.2 Applications
Application

Description

Routing Redundancy

Configure routers in a LAN as one VRRP group to achieve simple routing redundancy.

Load Balancing

Configure routers in a LAN as multiple VRRP groups to achieve traffic load balancing.

4.2.1 Routing Redundancy

Scenario
Configure routers in a LAN as one VRRP group, where hosts take the virtual IP address of this group as
the default gateway address.
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Packets from Host 1, Host 2 and Host 3 to other networks are forwarded by the elected Master router (Router A in Figure 4-1).



IfRouter Afails,theMasterwillbe re-electedbetweenRouterBand Router Ctoforwardpackets,achieving simplerouting
redundancy.
Figure 4-1

Deployment



Router A, Router B and Router C are connected to the LAN via Ethernet interfaces.



On Router A, Router B and Router C, VRRP is configured on the Ethernet interfaces connected to the LAN.



These Ethernet interfaces are in the same VRRP group whose virtual IP address is 192.168.12.1.



The gateway address for Host 1, Host 2 and Host 3 is the IP address of the VRRP group, namely 192.168.12.1.

4.2.2 Load Balancing

Scenario
Configure routers in a LAN as multiple VRRP groups. Hosts in the LAN take virtual IP addresses of the
groups as their gateways, and each router backs up for other routers in different group.



PacketsfromHost 1 and Host 2 to other networks with the default gateway address as the virtual IP address of virtual router 1
are forwarded by the Master of virtual router 1 (Router A in Figure 4-2).



PacketsfromHost 3 and Host 4 to other networks with the default gateway address as the virtual IP address of virtual router 2
are forwarded by the Master of virtual router 2 (Router B in Figure 4-2).



Routing redundancy is achieved on Router A and Router B, and the LAN traffic is shared to achieve load balancing.
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Figure 4-2

Deployment



Router A and Router B are connected to the LAN via Ethernet interfaces.



On Router A and Router B, two virtual routers are configured on the Ethernet interfaces connected to the LAN.
Router A takes the IP address 192.168.12.1 of Ethernet interface Gi0/0 as the IP address of virtual router 1.
Thus for virtual router 1, Router A becomes the Master and Router B becomes the Backup.



Router B takes the IP address 192.168.12.2 of Ethernet interface Gi0/0 as the IP address of virtual router 2. Thus for virtual router
2, Router B becomes the Master and Router A becomes the Backup.



IntheLAN, Host1and Host2taketheIPaddress192.168.12.1ofvirtualrouter1asthedefaultgatewayaddress,whileHost3
and Host 4 take the IP address 192.168.12.2 of virtual router 2 as the default gateway address.

4.3 Features
Basic Concepts



Virtual Router
A virtual router, also called a VRRP group, is regarded as a default gateway for hosts in a LAN. A VRRP
group contains a Virtual Router Identifier (VRID) and a set of virtual IP addresses.



Virtual IPAddress

Indicates the IP address of a virtual router. A virtual router can be configured with one or multiple IP addresses.



IP Address Owner

Ifa VRRP group has thevirtual IP addressas that of an Ethernet interfaceon one real router, the router isregarded as the virtual IP
addressowner.Insuchcase,therouterpriorityis255.IftheownedEthernetinterfaceisavailable,theVRRPgroupwillbeinMaster
stateautomatically.TheIPaddressownerreceivesand processesthepacketswiththedestinationIPaddressasthatofthevirtual
router.



Virtual MAC Address
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The virtual MAC address of a VRRP group is an IEEE 802 MAC address, formatted as 00-00-5E-00-01-{VRID} with the first five octets
assigned and the last two as a group VRID. A VRRP group responds to an Address Resolution Protocol (ARP) request with its virtual
MAC address instead of a real MAC address.



Master Router
In a VRRP group, only the Master router answers ARP requests and forwards IP packets. If a real router is
the IP Address Owner, it becomes the Master router.



Backup Router

InaVRRPgroup,BackuproutersonlymonitorthestateoftheMasterbutdonot respondtoARPrequestsorforwardIPpackets.When
the Master fails, Backup routers will take the chance to compete for the position.



Preemption Mode

If a VRRP group runs in Preemption mode, a higher priority Backup router will replace the lower priority Master router.
Overview
Feature

Description

VRRP

VRRP achieves redundancy for the default gateways of terminals on a multi-access media (for example,
Ethernet). It enables a Backup router to forward packets when the Master router is down, providing
transparent routing switch and promoting network service quality.

4.3.1 VRRP

Incasethat theMasterrouterisfaulty,VRRPachievesmigrationof functionsfromtheMasterroutertoa
Backup one without influencing internal and external data communication or modifying LAN
configuration.
Working Principle
Figure 4-3 Working Principle of VRRP



Working Mode of VRRP
The RFC2338, RFC3768 and RFC5798 protocols define the format and operating mechanism of VRRP
packets. Multicast VRRP packets are sent periodically with specified destination addresses by the Master
router to advertise normal operation or for Master election. VRRP allows a router in a LAN to
automaticallyreplacethe Masterwho forwards IPpacketswhen the latter fails.This helps achieve hot
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backup and fault tolerance of IP-based routing as well as ensure communication continuity and
reliabilityfor hostsin theLAN. AVRRP group achieves redundancy through multiple real routers.
However,onlyonerouteractsastheMastertoforwardpacketswhiletheothersareBackuprouters.
Router switching in a VRRP group is completely transparent to hosts in a LAN.



Master Election Process
The RFC standards stipulate the master election process as follows:



VRRP provides a simple mechanism for Master election. First, compare the VRRP priorities configured on the interfaces of the
routersinaVRRPgroup.Therouter withthehighestpriorityiselectedastheMaster.Iftheseprioritiesareequal,comparethe
primary IP addresses of these routers. The router with the biggest IP address is elected as the Master.



Afterthe Masterrouter iselected, theother routersbecome Backup routers(and enter theBackup state) and monitorthestate
of themaster router through theVRRP packetsthe master router sends. If the master router is operational, it regularly sends
VRRPmulticastpacketsknown asAdvertisementpacketstonotifythe Backuproutersofitsstatus.IftheBackup routersdo not
receivesuchpacketswithina setperiod, all ofthem willenter theMaster state.In suchcase, theprevious stepof Masterelection
is repeated. In this way, a router with the highest priority will be elected as a new master, achieving VRRP backup.
Once the Master router of a VRRP group is elected, it is responsible to forward packets for hosts in a LAN.



Communication Process
The VRRP communication process can be explained by Figure 4-3. The routers R1 and R2 are connected
to the LAN segment 192.168.12.0/24 via the VRRP-enabled Ethernet interfaces Gi0/0. Hosts in the LAN
takethe virtual IP addressof theVRRP group as the default gateway address. Only the virtual router is
recognizedbythehosts.TheMasterrouter inthegroup,however,isunknown. Forexample,when PC1
plan to communicate with PC 2, PC 1 sends packets to the default gateway with the virtual IP address;
TheMasterrouterinthegroupreceivesthepacketsandforwardsthemtoPC2.Inthisprocess,PC1only
sensesthe virtual router instead of R1 or R2. The Master router in the group iselected between R1 and
R2. When the Master fails, it will be replaced automatically by the other router.

Related Configuration



Enabling VRRP
By default, VRRP is disabled on an interface.
In the interface configuration mode, run the vrrp group ip ipaddress [ secondary ] or vrrp group ipv6
ipv6-address command to set the VRID and virtual IP address to enable VRRP.
VRRP must be enabled on an interface.



Configuring the IPv4 VRRP Authentication String
By default, VRRP is in non-authentication mode.
Run the vrrp group authentication string command to set an authentication string in MD5
authentication mode or a plain text passwordin plain text mode for an IPv4VRRP group. In the plain
text authentication mode, a password contains 8 bytes at most.
Members of a VRRP group can communicate with each other only when they are in the same
authenticationmode. In theplain text authenticationmode, all routersin aVRRPgroup should havethe
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same authentication password. The plain text authentication password cannot guarantee security but
only prevents/prompts wrong VRRP configurations.



Configuring the VRRP Advertisement Interval
By default, the advertisement interval of the Master router is 1 second.
Run the vrrp [ ipv6 ] group timers advertise { advertise-interval | csec centisecond-interval } command to
change the interval.
When VRRP learning timer is not configured, the same advertisement interval should be set for a VRRP
group, otherwise routers in Backup state will discard received VRRP packets.



Configuring the VRRP Preemption Mode
By default, a VRRP group operates in the Preemption mode.
ToenablethePreemptionmodeforaVRRPgroup, runthevrrp[ipv6]grouppreempt[delay seconds]
command. The optional parameter delay seconds is 0 by default.
If aVRRP group operates in the Preemption mode, a router will become the Mater of the group when it
finds that its priority is higher than that of the current Master. If a VRRP group operates in
Non-preemption mode, a router will not become the Master even when it finds that its priority is higher
than that of the current Master.It makes little sense toconfigure thePreemption mode when theVRRP
group uses the IP addressof an Ethernet interface, in whichcase thegroup has the highest priority and
automaticallybecomes the Master in thegroup. The optional parameter Delay Seconds defines the
delay before a backup VRRP router declares its Master identity.



Enabling the IPv6 VRRP Accept Mode
By default, the Accept mode is disabled for an IPv6 VRRP group.
To enable the Accept mode, run the vrrp ipv6 group accept_mode command.
AftertheAcceptmodeisenabled,anIPv6VRRPvirtualrouterinMasterstatereceivesandprocesses
packets with the virtual router IP address as the destination; when the Accept mode is disabled, the
virtual router discards such packets except Neighbor Advertisement (NA) packets and Neighbor
Solicitation(NS)packets.Besides, anIPv6VRRPmaster virtualrouter inOwner statereceives and
processespacketswiththe virtual router IPaddress as the destinationby default no matter whether the
Accept mode is configured or not.



Configuring the VRRP Router Priority
By default, the router priorities in a VRRP group are all 100.
To adjust the priority, run the vrrp [ ipv6 ] group priority level command.
If a router in the Preemption mode owns the group’s virtual IP address and the highest priority, it
becomes the group Master,while the other routers with lower priorities in the group become Backup (or
monitoring) routers.



Configuring the VRRP Tracked Interface
By default, no interface is tracked by a VRRP group.
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To configure such an interface, run the vrrp group track { interface-type interface-number | bfd
interface-type interface-number ipv4-addess } [ priority ] or vrrp ipv6 group track interface-type
interface-number [ priority ] command.
After an interface is configured for a VRRP group to monitor, the router priority will be adjusted
dynamicallybased on theinterface state.Oncethe interface becomes unavailable, the priority of the
router in the group will be reduced by a set value, and another functional and higher priority router in
this group will become the Master.



Configuring the VRRP Tracked IP Address
By default, no IP address is tracked by a VRRP group.
To configure such an address, run the vrrp group track ip-address [ interval interval-value ] [ timeout
timeout-value ] [ retry retry-value ] [ priority ] or vrrp ipv6 group track { ipv6-global-address |
{ ipv6-linklocal-address interface-type interface-number } } [ interval interval-value ] [ timeout
timeout-value ] [ retry retry-value ] [ priority ] command.
After an IP address is configured for a VRRP group to monitor, the router priority will be adjusted
dynamically based on the address accessibility. Once the address is inaccessible (the ping command
fails), the priority of the router in the group will be reduced by a set value, and another higher priority
router in this group will become the Master.



Configuring the VRRP Learning Timer
By default, the learning timer is disabled for a VRRP group.
To enable it, run the vrrp [ ipv6 ] group timers learn command.
Afterthe learning timer is configured, aVRRP Backup router learns the advertisement interval of NA
packetsfromtheMaster.Basedonthisinsteadofalocallysetinterval,theBackuproutercalculatesthe
interval for determining a failure of the Master. This command achieves the synchronization of
advertisement intervals between Backup routers and the Master.



Configuring the VRRP Group Description
By default, no description is configured for a VRRP group.
To configure such a string, run the vrrp [ ipv6 ] group description text command.
A VRRP description helps distinguishing VRRP groups. A description has 80 bytes at most, otherwise
wrong configuration isprompted.



Configuring the VRRP Delay
By default, no delay is configured for a VRRP group.
To enable it, run the vrrp delay { minimum min-seconds | reload reload-seconds } command. The two
types of delay range from 0 to 60 seconds.
The command configures the delay of starting a VRRP group on an interface.There are twotypes of
VRRP delay: the delay after system startup and the delay after an interface resumes. You may configure
themrespectivelyorsimultaneously.AfterthedelayisconfiguredforaVRRPgrouponaninterface,the
VRRP group starts after the delay instead of immediately upon system startup or the interface's
resumption, ensuring non-preemption. If the interfacereceives aVRRP packet during the delay, the
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delaywillbecanceledand theVRRPwillbe startedimmediately.Thisconfigurationwillbeeffectivefor
both IPv4 and IPv6 VRRP groups of an interface.



Configuring the IPv4 VRRP Version
By default, IPv4 adopts the VRRPv2 standard.
To specify the version for IPv4 VRRP, run the vrrp group version { 2 | 3 } command.
When the parameter value is set to 2, VRRPv2 is adopted; when the parameter value is set to 3, VRRPv3 is
adopted.



Specifying a Sub VLAN of a Super VLAN to Receive the IPv4 VRRP Packets
By default, IPv4 VRRP packets are sent to the first Up Sub VLAN interface of a Super VLAN.
Tospecifythe firstSubVLAN in Up stateof aSuperVLAN toreceiveIPv4VRRP packets,run the vrrp
detection-vlan first-subvlan command; to specify a Sub VLAN, run the vrrp detection-vlan subvlan-id
command.If VRRP and VRRP Plus are enabled simultaneously on a SuperVLAN interface,VRRP packets
are sent to all Up interfaces of the Sub VLANs under the Super VLAN.
Both the above configurations reduce VRRP packets and avoids influencing router performance and
occupying network bandwidth. Yet the routers constituting an IPv4 VRRP group should be
interconnectedwithinthefirstUP SubVLAN interfaceor aspecified SubVLAN of the SuperVLAN.



Configuring the BFD Support for IPv4 VRRP on an Interface
By default, the Bidirectional Forwarding Detection (BFD) protocol support for VRRP is not enabled on an
interface.
To enable it, run the vrrp group bfd ip-address command.
ForaBackuprouter,runthiscommand tocorrelateanIPv4VRRPgroupwithBFD withoutcaringthe
configuredIPaddress.FortheMaster,astheprimaryIPaddressofaBackuprouterisnotknown,the
router IP address can only be specified by the administrator.
To enable the BFD support, make sure that IP and BFD session parameters are configured on the target
interface.
After the BFD support is enabled for a specified IPv4 VRRP group, when the Master fails, a Backup router
may detect it within one second.



Configuring Global IPv4 VRRP BFD
By default, the VRRP does not adopt the global IPv4 VRRP BFD mode in detecting the state of the Master.
To enable global IPv4 VRRP BFD, run the vrrp bfd interface-type interface-number ip-address command.
After global IPv4 VRRP BFD is enabled, multiple IPv4 VRRP groups may share BFD sessions, achieving fast
detection and master-backup failover.
To enable the BFD support, make sure that IP and BFD session parameters are configured on the target
interface.
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4.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable IPv4 VRRP.
vrrp group ip ipaddress [ secondary ]

Enables IPv4 VRRP.

(Optional) It is used to configure IPv4 VRRP parameters.
vrrp group authentication string

Configures the IPv4 VRRP authentication string.

vrrpgrouptimers advertise { advertise-interval|

Configures the IPv4 VRRP advertisement

csec centisecond-interval }

interval.

vrrp group preempt [ delay seconds ]

Configures the IPv4 VRRP Preemption mode.

vrrp group priority level

Configures the IPv4 VRRP router priority.

vrrp group track { interface-type interface-number
| bfd interface-type interface-number ipv4-addess }

Configures the IPv4 VRRP tracked interface.

[ priority ]
Configuring IPv4 VRRP

vrrp group track ip-address [ interval
interval-value ] [ timeout timeout-value ] [ retry

ConfigurestheIPv4VRRPtrackedIPaddress.

retry-value ] [ priority ]
vrrp group timers learn

Configures the IPv4 VRRP learning timer.

vrrp group description text

Configures the IPv4 VRRP group description.

vrrp delay { minimum min-seconds | reload
reload-seconds }
vrrp group version { 2 | 3 }
vrrp detection-vlan {first-subvlan | subvlan-id}
vrrp group bfd ip-address
vrrp bfd interface-type interface-number
ip-address
Configuring IPv6 VRRP

Configures the IPv4 VRRP delay.
Configures the IPv4 VRRP version.
SpecifiesasubVLANofasuperVLANtoreceive
the IPv4 VRRP packets.
ConfigurestheBFDsupportforIPv4VRRPonan
Interface.
Configures global IPv4 VRRP BFD.

(Mandatory) It is used to enable IPv6 VRRP.
vrrp group ipv6 ipv6-address

Enables IPv6 VRRP on the interface.

(Optional) It is used to configure IPv6 VRRP parameters.
vrrp ipv6 group timers advertise
{ advertise-interval | csec centisecond-interval }
vrrp ipv6 group preempt [ delay seconds ]
vrrp ipv6 group accept_mode
vrrp ipv6 group priority level
vrrp ipv6 group track interface-type
interface-number[ interface–priority ]

Configures the IPv6 advertisement interval.
Configures the IPv6 VRRP Preemption mode.
Enables the Accept mode for an IPv6 VRRP
group.
Configures the IPv6 VRRP router priority.
Configures the IPv6 VRRP tracked interface.

vrrp ipv6 group track { ipv6-global-address |
{ ipv6-linklocal-address interface-type

ConfigurestheIPv6VRRPtrackedIPaddress.

interface-number } } [ interval interval-value ]
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Configuration

Description and Command
[ timeout timeout-value ] [ retry retry-value ]
[ priority ]
vrrp ipv6 group timers learn

Configures the IPv6 VRRP learning timer.

vrrp ipv6 group description text

Configures the IPv6 VRRP group description.

vrrp delay { minimum min-seconds | reload
reload-seconds }
Configuring VRRP-MSTP

Configures the IPv6 VRRP delay.

The configuration is the same as IPv4 VRRP configuration.

4.4.1 ConfiguringIPv4VRRP

Configuration Effect



Configure a VRRP group on an interface of a specific LAN segment by setting the VRID and virtual IP address.



Configure multiple VRRP groups on an interface to achieve load balancing and offer more stable and reliable network services.



Configure the VRRP tracked interfaces to monitor real-time failures, change interface priorities and realize master-backup
failover dynamically.

Notes



To achieve VRRP, the routers in a VRRP group should be configured with the same virtual IPv4 address.



Toachievemutual backup between multipleIPv4VRRPgroups,configuremultipleIPv4VRRP groups withidenticalVRRP
configuration on different interface and configure different priorities for them so that they act as the master and backup groups
mutually.



Enable VRRP on Layer-3 interfaces.

Configuration Steps



Enabling IPv4VRRP



By default, IPv4 VRRP is disabled on an interface. You can enable it based on your demand.



Configuring the IPv4 VRRP Authentication String



By default, VRRP is in non-authentication mode. You can enable plain text authentication mode based on your demand.



Configuring the IPv4 VRRP Advertisement Interval



Bydefault,theMasterroutersendsadvertisementpacketseveryonesecond.Youcanmodifytheintervalbasedonyour
demand.



Configuring the IPv4 VRRP Preemption Mode



By default, a VRRP group operates in Preemption mode with a zero-second delay.



Configuring the IPv4 VRRP Router Priority



The default router priority for a VRRP group is 100. You can modify the priority based on your demand.



Configuring the IPv4 VRRP Tracked Interface
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Bydefault,anIPv4VRRPgroup monitorsno interfaceand thevalue of prioritychange is10.Toachieve faultmonitoring through
interface monitoring, please configure this item.



Configuring the IPv4 VRRP Learning Timer



Bydefault,thelearningtimerisdisabledforaVRRPgroup.EnablethisfunctioniftheBackuproutersneedtolearntheMaster’s
advertisement interval.



Configuring the IPv4 VRRP Group Description



By default, no description is configured for a VRRP group. To distinguish VRRP groups clearly, configure descriptions.



Configuring the IPv4 VRRP Delay



By default, the IPv6 VRRP delay is not configured. To guarantee an effective non-preemption mode, configure the delay.



Configuring the IPv4 VRRP Version



By default, IPv4 adopts the VRRPv2 standard. To change it, use the corresponding command.



Specifying a Sub VLAN of a Super VLAN to Receive the IPv4 VRRP Packets



By default, IPv4 VRRP packets are only sent to the first UP Sub VLAN interface of a Super VLAN, but you may configure a specific
Sub VLAN.



Configuring the BFD Support for IPv4 VRRP on an Interface



By default, the BFD support is not configured on an interface. To configure it, use the corresponding command.



Configuring Global IPv4 VRRP BFD



By default, global IPv4 VRRP BFD is not enabled. To implement it, use the corresponding command.

Verification



Run the show vrrp command to verify the configuration.

Related Commands



Enabling IPv4VRRP

Command

vrrp group ip ipaddress [ secondary ]

Parameter

group: Indicates the VRID of a VRRP group, the range of which varies with product models.

Description

ipaddress: Indicates the IP address of a VRRP group.
secondary: Indicates the secondary IP address of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

If no virtual IP address is specified, routers cannot join aVRRP group. If no secondary IP address is applied, the
configured IP address will be the primary IP address of a VRRP group.



Configuring the IPv4 VRRP Authentication String

Command

vrrp group authentication string

Parameter

group: Indicates the VRID of a VRRP group.

Description

string: Indicates the authentication string of a VRRP group (a plain text password consists of 8 bytes at most).
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Command

Interface configuration mode

Mode
Usage Guide

In a VRRP group, the same authentication password should be configured for routers. The plain text authentication
password cannot guarantee security but only prevents/prompts wrong VRRP configurations. This command is only
applicable to VRRPv2 instead of VRRPv3.
Authentication is abolished for VRRPv3 (IPv4 VRRP and IPv6 VRRP) packets. If VRRPv2 is chosen for an IPv4 VRRP
group, the command is effective; if VRRPv3 is chosen, the command is ineffective.



Configuring the IPv4 VRRP Advertisement Interval

Command

vrrp group timers advertise { advertise-interval | csec centisecond-interval }

Parameter

group: Indicates the VRID of a VRRP group.

Description

advertise-interval: Indicates the advertisement interval of a VRRP group (unit: second).
csec centisecond-interval: An interval for a master router in a backup group to send VRRP packets. It is an integer from
50to99.Theunitiscentisecond.Nodefaultvalueisprovided.ThecommandisonlyeffectiveforVRRPv3packets.Ifit
is configured for VRRPv2 packets, the default interval is one second.

Command

Interface configuration mode

Mode
Usage Guide

If a router is elected as the Master in a VRRP group, it sends VRRP advertisement packets at the set interval to
announce its VRRP state, priority and other information.
AccordingtotheRFCstandards,ifanIPv4VRRPgroupadoptsVRRPv3forsendingmulticastpackets,themaximum
advertisementintervalis40seconds.Therefore,iftheintervalissetlongerthan40seconds,thismaximuminterval
will be applied, though the configuration is effective.



Configuring the IPv4 VRRP Preemption Mode

Command

vrrp group preempt [ delay seconds ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

delayseconds: Indicates thepreemptiondelay forthe Master router toclaimitsstatus.The default value is0second.

Command

Interface configuration mode

Mode
Usage Guide

If aVRRP group runs in Preemption mode, a higher priority router will take the place of the lower priority Master. If a
VRRPgroup runs inNon-preemption mode, a router withthepriorityhigher than that of the Master remains Backup.
It makes little sense to configure the Preemption mode when theVRRP group uses the IP address of an Ethernet
interface, in which case the group has the highest priority and automatically becomes the Master in the group.



Configuring the IPv4 VRRP Router Priority

Command

vrrp group priority level

Parameter

group: Indicates the VRID of a VRRP group.

Description

level: Indicates the priority of an interface in a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide



This command is used to manually configure the VRRP router priority.

Configuring the IPv4 VRRP Tracked Interface
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Command

vrrpgroup track {interface-typeinterface-number |bfd interface-type interface-number ipv4-addess} [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

interface-type interface-number: Indicates the interface to be tracked.
bfd interface-type interface-number ipv4-address: A specified adjacent IP address tracked through BFD.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes. The default
value is 10.

Command

Interface configuration mode

Mode
Usage Guide

AtrackedinterfacemustbearoutableLayer-3logicinterface(forexample,aRoutedport,anSVIinterface,a
Loopback interface, or a Tunnel interface).
The priority of the router owns the virtual IP address associated with a VRRP group must be 255, and no tracked
interface can be configured on it.



Configuring the IPv4 VRRP Tracked IP Address

Command

vrrp group track ipv4-address [ interval interval-value ] [ timeout timeout-value ] [ retry retry-value ] [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

ipv4-addres: Indicates the IPv4 address to be tracked.
interval interval-value: Indicates the probe interval. The unit is second. Unless configured manually, the value is 3
seconds by default.
timeouttimeout-value: Indicatesthe probe timeout of waiting for responses.If no response isreceived when the
timeoutisup,itisregardedthatthedestinationisinaccessible.Theunitissecond.Unlessconfiguredmanually,the
value is 1 second by default.
retry retry-value: Indicates the probe retries. If the probe packet is sent continually for retry-value times but no
response is received, it is regarded that the destination is inaccessible. The unit is times. Unless configured, the value
is 3 times by default.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes. The default
value is 10.

Command

Interface configuration mode

Mode
Usage Guide

To monitor a host, specify its IPv4 address for an IPv4 VRRP group.
IfaVRRPgroup ownstheactualIPaddressofanEthernetinterface,thegrouppriorityis255, andno monitoredIP
address can be configured.



Configuring the IPv4 VRRP Learning Timer

Command

vrrp group timers learn

Parameter

group: Indicates the VRID of a VRRP group.

Description
Command

Interface configuration mode

Mode
Usage Guide

OncethelearningtimerisenabledonaVRRProuter,aBackuprouterlearnstheadvertisementintervaloftheMaster
duringthe timer.Based on this, the Backup router calculates the interval for determining the Master router as failed
instead of using the locally configured advertisement interval. This command achieves synchronization with the
learning timer between the Master and Backup routers.
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Configuring the IPv4 VRRP Group Description

Command

vrrp group description text

Parameter

group: Indicates the VRID of a VRRP group.

Description

text: Indicates the description of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

A VRRP description helps distinguishing VRRP groups. A description has 80 bytes at most, otherwise wrong
configuration is prompted.



Configuring the IPv4 VRRP Delay

Command

vrrp delay { minimum min-seconds | reload reload-seconds }

Parameter

minimum min-seconds: Indicates the VRRP delay after an interface state changes.

Description

reload reload-seconds: Indicates the VRRP delay after the system starts.

Command

Interface configuration mode

Mode
Usage Guide

After the delay is configured for a VRRP group on an interface, the VRRP group starts after the delay instead of
immediatelyuponsystemstartuportheinterface'sresumption,ensuringnon-preemption.Iftheinterfacereceivesa
VRRPpacketduringthedelay,thedelaywillbecanceledandtheVRRPwillbestartedimmediately.Thetwotypesof
delayshareavaluerangeof0to60seconds.ThisconfigurationwillbeeffectiveforbothIPv4andIPv6VRRP groups
of an interface.



Configuring the IPv4 VRRP Version

Command

vrrp group version { 2 | 3 }

Parameter

2: Indicates VRRPv2.

Description

3: Indicates VRRPv3.

Command

Interface configuration mode

Mode
Usage Guide

Considering the compatibility between VRRPv2 and VRRPv3, specify a standard for IPv4 VRRP based on the actual
network condition. VRRPv2 is developed in RFC3768, while VRRPv3 is described in RFC5798.
This command is only applicable to IPv4 VRRP.



Specifying a Sub VLAN of a Super VLAN to Receive the IPv4 VRRP Packets

Command

vrrp detection-vlan {first-subvlan | subvlan-id}

Parameter

first-subvlan: Sends IPv4 VRRP packets only to the first UP Sub VLAN interface in a Super VLAN.

Description

subvlan-id: Sends IPv4 VRRP packets to a specified Sub VLAN.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to specify a Sub VLAN of a Super VLAN to receive the IPv4 VRRP packets. IPv4 VRRP packets are
sent in a Super VLAN using the following three methods. Packets are sent to the first UP Sub VLAN interface in a
Super VLAN, or to a specified Sub VLAN interface in a Super VLAN, or to all the Sub VLAN interfaces in a Super VLAN. If
VRRP and VRRP Plus are enabled simultaneously on a SuperVLAN interface,VRRP packets are sent to all Up interfaces
of the Sub VLANs under the Super VLAN.
This command is configured on a VLAN interface and effective only to Super VLAN interfaces.
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Configuring the BFD Support for IPv4 VRRP on an Interface

Command

vrrp group bfd ip-address

Parameter

group: Indicates the VRID of a VRRP group.

Description

ip-address: Indicates the interface IP address.

Command

Interface configuration mode

Mode
Usage Guide

ForaBackuprouter,runthis command tocorrelatean IPv4VRRP group withBFDwithout caringtheconfigured IP
address.FortheMaster,astheprimaryIPaddressofaBackuprouterisnotknown,therouterIPaddresscanonlybe
specified by the administrator.
If global IPv4 VRRP BFD is configured, this configuration cannot be performed.
Toenable the BFD support, make sure that IP and BFDsessionparameters are configuredon the target interface.



Configuring Global IPv4 VRRP BFD

Command

vrrp bfd interface-type interface-number ip-address

Parameter

interface-type interface-number: Indicates interface type and ID.

Description

ip-address: Indicates the interface IP address..

Command

Global configuration mode

Mode
Usage Guide

If global IPv4 VRRP BFD is configured, the configured BFD support will be deleted.
To enable the BFD support, make sure that IP and BFD session parameters are configured on the target interface.
A global IPv4 VRRP BFD session is only applicable to an IPv4 VRRP group consisting of two routers.

Configuration Example



Configuring an IPv4 VRRP Group and Tracked Interface

Scenario
Figure 4-4

Configuration
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Steps

the VRRP group constituted by the routers R1 and R2 as the gateway address to communicate with Work
Station B (192.168.12.0 /24).

R3



GigabitEthernet 2/1 on R1 is configured as the tracked interface.



No VRRP but an ordinary routing function is configured on R3.

R3#configure terminal
R3(config)#interface GigabitEthernet 0/0
// The command“no switchport”is only required for a switch.
R3(config-if-GigabitEthernet 0/0)#no switchport
R3(config-if-GigabitEthernet 0/0)#ip address 192.168.12.217 255.255.255.0
R3(config-if-GigabitEthernet 0/0)#exit
R3(config)#interface GigabitEthernet 1/1
// The command“no switchport”is only required for a switch.
R3(config-if-GigabitEthernet 1/1)#no switchport
R3(config-if-GigabitEthernet 1/1)#ip address 60.154.101.5 255.255.255.0
R3(config-if-GigabitEthernet 1/1)#exit
R3(config)#interface GigabitEthernet 2/1
// The command“no switchport”is only required for a switch.
R3(config-if-GigabitEthernet 2/1)#no switchport
R3(config-if-GigabitEthernet 2/1)#ip address 202.101.90.61 255.255.255.0
R3(config-if-GigabitEthernet 2/1)#exit
R3(config)#router ospf
R3(config-router)#network 202.101.90.0 0.0.0.255 area 10
R3(config-router)#network 192.168.12.0 0.0.0.255 area 10
R3(config-router)#network 60.154.101.0 0.0.0.255 area 10

R1

R1#configure terminal
R1(config)#interface GigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)#ip address 192.168.201.217 255.255.255.0
R1(config-if-GigabitEthernet 0/0)#vrrp 1 priority 120
R1(config-if-GigabitEthernet 0/0)#vrrp 1 timers advertise 3
R1(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.201.1
R1(config-if-GigabitEthernet 0/0)#vrrp 1 track GigabitEthernet 2/1 30
R1(config-if-GigabitEthernet 0/0)#exit
R1(config)#interface GigabitEthernet 2/1
R1(config-if-GigabitEthernet 2/1)#ip address 202.101.90.63 255.255.255.0
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R1(config-if-GigabitEthernet 2/1)#exit
R1(config)#router ospf
R1(config-router)#network 202.101.90.0 0.0.0.255 area 10
R1(config-router)#network 192.168.201.0 0.0.0.255 area 10
R2

R2#configure terminal
R2(config)#interface GigabitEthernet 0/0
R2(config-if-GigabitEthernet 0/0)#ip address 192.168.201.213 255.255.255.0
R2(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.201.1
R2(config-if-GigabitEthernet 0/0)#vrrp 1 timers advertise 3
R2(config-if-GigabitEthernet 0/0)#exit
R2(config)#interface GigabitEthernet 1/1
// The command“no switchport”is only required for a switch.
R2(config-if-GigabitEthernet 1/1)#noswitchport
R2(config-if-GigabitEthernet 1/1)#ip address 60.154.101.3 255.255.255.0
R2(config-if-GigabitEthernet 1/1)#exit
R2(config)#router ospf
R2(config-router)#network 60.154.101.0 0.0.0.255 area 10
R2(config-router)#network 192.168.201.0 0.0.0.255 area 10

Verification

Run the show vrrp command to verify the configuration.



Check whether R1, which acts as the Master, reduces its VRRP priority from 120 to 90 when GigabitEthernet2/1
connected to the Wide Area Network (WAN) is unavailable. If yes, R2 becomes the Master.



Check whether R1 resumes itsVRRP priority from 30 to 120 when GigabitEthernet 2/1 connected to theWAN
recovers. If yes, R1 is re-elected as the Master.

R1

R1#show vrrp
GigabitEthernet0/0-Group1
State is Master
Virtual IP address is 192.168.201.1 configured
Virtual MAC address is 0000.5e00.0101
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is 192.168.201.217 (local), priority is 120
Master Down interval is 10.59 sec
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Tracking state of 1 interface, 1 up:
up
R2

GigabitEthernet 2/1 prioritydecrement=30

R2#show vrrp
GigabitEthernet0/0-Group1
State is Backup
Virtual IP address is 192.168.201.1 configured
Virtual MAC address is 0000.5e00.0101
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is 192.168.201.217 , priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.82 sec

Common Errors



Different virtual IP addresses are configured on the routers in a VRRP group, resulting in multiple Master routers in the group.



Different VRRP advertisement intervals are configured on the routers in a VRRP group and the learning timer is not configured,
resulting in multiple Master routers in the group.



Different VRRP versions are configured on the routers in a VRRP group, resulting in multiple Master routers in the group.



ForVRRPv2,theEthernetinterfacesoftheroutersinaVRRPgroupareallinplaintextauthenticationmodebut inconsistentin
authentication strings, resulting in multiple Master routers in the group.

Configuration Example



Configuring Multiple IPv4 VRRP Groups

www.fs.com

2117

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 4-5

Configuration



Steps

Theuser workstationcluster(192.168.201.0/24) uses thebackup group constitutedby therouters R1and R2.
Thegatewayforpartialworkstations(Aforexample)pointstothevirtualIPaddress192.168.201.1ofthe
backup group 1, while that for other partial workstations (C for example) points to the virtual IP address
192.168.201.2 of the backup group 2. IPv4 multicast routing is enabled on all the routers.

R3



R1 acts as the master router in the group 2 and as a backup router in the group 1.



R2 acts as a backup router in the group 2 and as a master router in the group 1.

R3#configure terminal
R3(config)#interface GigabitEthernet 0/0
// The command“no switchport”is only required for a switch.
R3(config-if-GigabitEthernet 0/0)#noswitchport
R3(config-if-GigabitEthernet 0/0)#ip address 192.168.12.217 255.255.255.0
R3(config-if-GigabitEthernet 0/0)#exit
R3(config)#interface GigabitEthernet 1/1
// The command“no switchport”is only required for a switch.
R3(config-if-GigabitEthernet 1/1)#noswitchport
R3(config-if-GigabitEthernet 1/1)#ip address 60.154.101.5 255.255.255.0
R3(config-if-GigabitEthernet 1/1)#exit
R3(config)#interface GigabitEthernet 2/1
// The command “no switchport” is only required for a switch.
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R3(config-if-GigabitEthernet 2/1)#no switchport
R3(config-if-GigabitEthernet 2/1)#ip address 202.101.90.61 255.255.255.0
R3(config-if-GigabitEthernet 2/1)#exit
R3(config)#router ospf
R3(config-router)#network 202.101.90.0 0.0.0.255 area 10
R3(config-router)#network 192.168.12.0 0.0.0.255 area 10
R3(config-router)#network 60.154.101.0 0.0.0.255 area 10
R1

R1#configure terminal
R1(config)#interface GigabitEthernet 0/0
R1(config-if-GigabitEthernet 0/0)#ip address 192.168.201.217 255.255.255.0
R1(config-if-GigabitEthernet 0/0)#vrrp 1 timers advertise 3
R1(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.201.1
R1(config-if-GigabitEthernet 0/0)#vrrp 2 priority 120
R1(config-if-GigabitEthernet 0/0)#vrrp 2 timers advertise 3
R1(config-if-GigabitEthernet 0/0)#vrrp 2 ip 192.168.201.2
R1(config-if-GigabitEthernet 0/0)#vrrp 2 track GigabitEthernet 2/1 30
R1(config-if-GigabitEthernet 0/0)#exit
R1(config)#interface GigabitEthernet 2/1
R1(config-if-GigabitEthernet 2/1)#ip address 202.101.90.63 255.255.255.0
R1(config-if-GigabitEthernet 2/1)#exit
R1(config)#router ospf
R1(config-router)#network 202.101.90.0 0.0.0.255 area 10
R1(config-router)#network 192.168.201.0 0.0.0.255 area 10

R2

R2#configure terminal
R2(config)#interface GigabitEthernet 0/0
R2(config-if-GigabitEthernet 0/0)#ip address 192.168.201.213 255.255.255.0
R2(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.201.1
R2(config-if-GigabitEthernet 0/0)#vrrp 1 timers advertise 3
R2(config-if-GigabitEthernet 0/0)#vrrp 1 priority 120
R2(config-if-GigabitEthernet 0/0)#vrrp 2 ip 192.168.201.2
R2(config-if-GigabitEthernet 0/0)#vrrp 2 timers advertise 3
R2(config-if-GigabitEthernet 0/0)#exit
R2(config)#interface GigabitEthernet 1/1
R2(config-if-GigabitEthernet 1/1)#ip address 60.154.101.3 255.255.255.0

www.fs.com

2119

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

R2(config-if-GigabitEthernet 1/1)#exit
R2(config)#router ospf
R2(config-router)#network 60.154.101.0 0.0.0.255 area 10
R2(config-router)#network 192.168.201.0 0.0.0.255 area 10

Verification

Run the show vrrp command to verify the configuration.



Check whether R1, whichacts as a master router in thegroup 2, reduces itsVRRP group priorityfrom 30 to90
when it finds that the interfaceGigabitEthernet 2/1 connected toaWANis unavailable. If yes, R2 in the group 2
becomes a master router.



Check whether R1 increases itsVRRP group priorityfrom30 to120 when it finds the interface GigabitEthernet
2/1 connected to a WANbecomes available again. If yes, R1 becomes a master router again in the group 2.

R1

R1#show vrrp
GigabitEthernet0/0-Group1
State is Backup
Virtual IP address is 192.168.201.1 configured
Virtual MAC address is 0000.5e00.0101
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is 192.168.201.213 , priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.82 sec
GigabitEthernet 0/0 - Group 2
State is Master
Virtual IP address is 192.168.201.2 configured
Virtual MAC address is 0000.5e00.0102
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is 192.168.201.217 (local), priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.59 sec
Tracking state of 1 interface, 1 up:
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up
R2

GigabitEthernet 2/1 prioritydecrement=30

R2#show vrrp
GigabitEthernet0/0-Group1
State is Master
Virtual IP address is 192.168.201.1 configured
Virtual MAC address is 0000.5e00.0101
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is 192.168.201.213 (local), priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.59 sec
GigabitEthernet 0/0 - Group 2
State is Backup
Virtual IP address is 192.168.201.2 configured
Virtual MAC address is 0000.5e00.0102
Advertisement interval is 3 sec
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is 192.168.201.217 , priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.82 sec

4.4.2 ConfiguringIPv6VRRP

Configuration Effect



Configure an IPv6 VRRP group on an interface of a specific LAN segment by setting the VRID and virtual IPv6 address.



Configure multiple IPv6 VRRP groups on an interface to achieve load balance and achieve more stable and reliable network
services.



Configure the VRRP tracked interfaces to monitor real-time failures, change interface priorities and realize master-backup
failover dynamically.

Notes



To achieve VRRP, the routers in a VRRP group should be configured with the same virtual IPv6 address.
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Toachievemutual backupfor multipleIPv6VRRPbackupgroups,youneedtoconfiguremultipleIPv6VRRP groups with
identicalVRRP configuration onan interfaceandconfiguredifferentprioritiesforthemtomakeroutersmasterand backup
mutually.



VRRP must be enabled on Layer-3 interfaces.

Configuration Steps



Enabling IPv6VRRP



By default, IPv6 VRRP is not enabled on an interface. You can enable it based on your demand.



Configuring the IPv6 VRRP Advertisement Interval



Bydefault,theMasterroutersendsadvertisementpacketseveryonesecond.Youcanmodifytheintervalbasedonyour
demand.



Configuring the IPv6 VRRP Preemption Mode



By default, a VRRP group operates in Preemption mode with a zero-second delay.



Enabling the Accept Mode for an IPv6 VRRP Group



By default, the Accept mode is disabled for an IPv6 VRRP group. To require an IPv6 VRRP VRRP group in Master state to receive
and process packets with the destination IP address as that of the virtual router, enable Accept mode.



Configuring the IPv6 VRRP Router Priority



The default router priority for a VRRP group is 100. You can modify the priority based on your demand.



Configuring the IPv6 VRRP Tracked Interface



By default, no tracked interface is configured. You can modify the interval based on your demand.



Configuring the IPv6 VRRP Tracked IP Address



Bydefault,no trackedIPv6 addressisconfigured andthe value of prioritychange is10.Youcanconfigurethisfunctionbased on
your demand.



Configures the IPv6 VRRP Learning Timer



Bydefault,thelearningtimerisdisabledforaVRRPgroup.EnablethisfunctioniftheBackuproutersneedtolearntheMaster’s
advertisement interval.



Configuring the IPv6 VRRP Group Description



By default, no description is configured for a VRRP group. To distinguish VRRP groups clearly, configure descriptions.



Configuring the IPv4 VRRP Delay



By default, the IPv6 VRRP delay is not configured. To guarantee an effective non-preemption mode, configure the delay.

Verification



Run the show vrrp command to verify the configuration.

Related Commands
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Enabling IPv6VRRP

Command

vrrp group ipv6 ipv6-address

Parameter

group: Indicates the VRID of a VRRP group, the range of which varies with product models.

Description

ipv6-address: Indicates the IPv6 address of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

IPv6 VRRP groups and IPv4VRRP groups share aVRID range from 1 to 255. One VRID is applicable to an IPv4 VRRP
group and an IPv6 VRRP group at the same time. The first configured address should be a link-local address, which
can be deleted only after other virtual addresses.



Configuring the IPv6 VRRP Advertisement Interval

Command

vrrp ipv6 group timers advertise { advertise-interval | csec centisecond-interval }

Parameter

group: Indicates the VRID of a VRRP group.

Description

advertise-interval: Indicates the advertisement interval of a VRRP group (unit: second).
csec centisecond-interval: An interval for a master router in a backup group to send VRRP packets. It is an integer from
50to99.Theunitiscentisecond.Nodefaultvalueisprovided.ThecommandisonlyeffectiveforVRRPv3packets.Ifit
is configured for VRRPv2 packets, the default interval is one second.

Command

Interface configuration mode

Mode
Usage Guide

If a router is elected as the Master in a VRRP group, it sends VRRP advertisement packets at the set interval to
announce its VRRP state, priority and other information.
AccordingtotheRFCstandards,ifanIPv6VRRPgroupadoptsVRRPv3forsendingmulticastpackets,themaximum
advertisementintervalis40seconds.Therefore,iftheintervalissetlongerthan40seconds,thismaximuminterval
will be applied, though the configuration is effective.



Configuring the Preemption Mode

Command

vrrp ipv6 group preempt [ delay seconds ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

delayseconds: Indicates thepreemptiondelay forthe Master router toclaimitsstatus.The default value is0second.

Command

Interface configuration mode

Mode
Usage Guide

If aVRRP group runs in Preemption mode, a higher priority router will take the place of the lower priority Master. If a
VRRPgroup runs inNon-preemption mode, a router withthepriorityhigher than that of the Master remains Backup.
It makes little sense to configure the Preemption mode when theVRRP group uses the IP address of an Ethernet
interface, in which case the group has the highest priority and automatically becomes the Master in the group.



Enabling the Accept Mode for an IPv6 VRRP Group

Command

vrrp ipv6 group accept_mode

Parameter

group: Indicates the VRID of a VRRP group.

Description
Command

Interface configuration mode

Mode
Usage Guide
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asthat of theVRRPgroup. However, itreceives NA and NS packetsno matter whether Accept mode isconfigured.
Besides, the IP Address Owner in Master state receives and processes the packets with the destination IPv6 address as
that of the VRRP group no matter whether Accept mode is configured or not.



Configuring the IPv6 VRRP Router Priority

Command

vrrp ipv6 group priority level

Parameter

group: Indicates the VRID of a VRRP group.

Description

level: Indicates the priority of a VRRP router.

Command

Interface configuration mode

Mode
Usage Guide



This command is used to manually configure the VRRP router priority.

Configuring the IPv6 VRRP Tracked Interface

Command

vrrp ipv6 group track interface-type interface-number [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

interface-type interface-number: Indicates the interface to be tracked.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes. The default
value is 10.

Command

Interface configuration mode

Mode
Usage Guide

AtrackedinterfacemustbearoutableLayer-3logicinterface(forexample,aRoutedport,anSVIinterface,a
Loopback interface, or a Tunnel interface).
The priority of the router owns the virtual IP address associated with a VRRP group must be 255, and no tracked
interface can be configured on it.



Configuring the IPv6 VRRP Tracked IP Address

Command

vrrp ipv6 group track { ipv6-global-address | ipv6-linklocal-address interface-type interface-number } [ interval
interval-value ] [ timeout timeout-value ] [ retry retry-value ] [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

ipv6-global-addres: Indicates the IPv6 global unicast address.
ipv6-linklocal-address: Indicates the IPv6 link-local address.
interface-type interface-number: Indicates the interface to be tracked.
interval interval-value: Indicates the probe interval. The unit is second. Unless configured manually, the value is 3
seconds by default.
timeouttimeout-value: Indicatesthe probe timeout of waiting for responses.If no response isreceived when the
timeoutisup, itisregardedthatthedestinationisinaccessible.Theunitissecond.Unlessconfiguredmanually,the
value is 1 second by default.
retry retry-value: Indicates the probe retries. If the probe packet is sent continually for retry-value times but no
response is received, it is regarded that the destination is inaccessible. The unit is times. Unless configured, the value
is 3 times by default.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes.The default
value is 10.

Command

Interface configuration mode

Mode
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Usage Guide

To monitor a host, specify its IPv6 address for an IPv6 VRRP group.
If the host IP address being tracked is a link-local address, specify a network interface.
IfaVRRP groupownstheactualIPaddressofanEthernet interface, thegroup priorityis255, and nomonitoredIP
address can be configured.



Configures the IPv6 VRRP Learning Timer

Command

vrrp ipv6 group timers learn

Parameter

group: Indicates the VRID of a VRRP group.

Description
Command

Interface configuration mode

Mode
Usage Guide

OncethelearningtimerisenabledonaVRRProuter,aBackuprouterlearnstheadvertisementintervaloftheMaster
duringthe timer.Based on this, the Backup router calculates the interval for determining the Master router as failed
instead of using the locally configured advertisement interval. This command achieves synchronization with the
learning timer between the Master and Backup routers.



Configuring the IPv6 VRRP Group Description

Command

vrrp ipv6 group description text

Parameter

group: Indicates the VRID of a VRRP group.

Description

text: Indicates the description of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

A VRRP description helps distinguishing VRRP groups. A description has 80 bytes at most, otherwise wrong
configuration is prompted.



Configuring the IPv4 VRRP Delay

Command

vrrp delay { minimum min-seconds | reload reload-seconds }

Parameter

minimum min-seconds: Indicates the VRRP delay after an interface state changes.

Description

reload reload-seconds: Indicates the VRRP delay after the system starts.

Command

Interface configuration mode

Mode
Usage Guide

After the delay is configured for a VRRP group on an interface, the VRRP group starts after the delay instead of
immediatelyuponsystemstartuportheinterface'sresumption,ensuringnon-preemption.Iftheinterfacereceivesa
VRRPpacketduringthedelay,thedelaywillbecanceledandtheVRRPwillbestartedimmediately.Thetwotypesof
delayshareavaluerangeof0to60seconds.ThisconfigurationwillbeeffectiveforbothIPv4andIPv6VRRP groups
of an interface.

Configuration Example



Configuring an IPv6 VRRP Group and Tracked Interface
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Scenario
Figure 4-6

Configuration



Host A and Host B access the Internet resources through the default gateway 2000::1/64.

Steps



FS A and FS B belong to the IPv6 VRRP group 1, and their virtual addresses are 2000::1/64 and FE80::1
respectively.



FS A tracks the interface GigabitEthernet 0/2 connected to the Internet. When GigabitEthernet 0/2 is
unavailable, FS A reduces its priority and FS B acts as a gateway.

FSA

FSA#configure terminal
FSA(config)#interface GigabitEthernet 0/1
FSA(config-if-GigabitEthernet 0/1)#no switchport
FSA(config-if-GigabitEthernet 0/1)#ipv6 address 2000::2/64
FSA(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 FE80::1
FSA(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 2000::1
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 priority 120
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 timers advertise 3
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 track GigabitEthernet 0/2 50
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 accept_mode

FSB

FSB#configure terminal
FSB(config)#interface GigabitEthernet 0/1
FSB(config-if-GigabitEthernet 0/1)#no switchport
FSB(config-if-GigabitEthernet 0/1)#ipv6 address 2000::3/64
FSB(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 FE80::1
FSB(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 2000::1
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 priority 100
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 timers advertise 3
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 accept_mode

Verification

Run the show vrrp command to verify the configuration.
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findsthat theinterfaceGigabitEthernet 0/2 connected toWANisunavailable. Ifyes,FS Bbecomes the Master.



CheckwhetherFSAincreasesitsVRRPgrouppriorityfrom50to120whenitfindstheinterfaceGigabitEthernet
0/2 connected to WAN becomes available again. If yes, FS A becomes the Master again.

FSA

FSA#show ipv6 vrrp 1
GigabitEthernet0/1-Group1
State is Master
Virtual IPv6 address is as follows:
FE80::1
2000::1
Virtual MAC address is 0000.5e00.0201
Advertisement interval is 3 sec
Accept_Mode is enabled
Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is FE80::1234 (local), priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.59 sec
Trackingstateof1interface,1up:
up GigabitEthernet 0/2 priority decrement=50

FSB

FSB#show ipv6 vrrp 1
GigabitEthernet0/1-Group1
State is Backup
Virtual IPv6 address is as follow:
FE80::1
2000::1
Virtual MAC address is 0000.5e00.0201
Advertisement interval is 3 sec
Accept_Mode is enabled
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is FE80::1234, priority is 120
Master Advertisement interval is 3 sec
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Master Down interval is 10.82 sec
Configuration Example



Multiple VRRP Backup Groups (under IPv6)

Scenario
Figure 4-7

Configuration



Steps

Host A and Host B access the Internet resources through the gateways 2000::1/64 and 2000::100/64
respectively.



FS A and FS B belong to the IPv6 VRRP group 1, and their virtual addresses are 2000::1/64 and FE80::1
respectively.



FSAandFSBbelongtothebackupgroup2ofavirtualIPv6router,andtheirvirtualaddressesare2000::100/64
and FE80::100 respectively.


FSA

FS A and FS B act as gateways and forward flows, being a backup router to each other.

FSA#configure terminal
FSA(config)#interface GigabitEthernet 0/1
FSA(config-if-GigabitEthernet 0/1)#no switchport
FSA(config-if-GigabitEthernet 0/1)#ipv6 address 2000::2/64
FSA(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 FE80::1
FSA(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 2000::1
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 priority 120
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 timers advertise 3
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 accept_mode
FSA(config-if-GigabitEthernet 0/1)#vrrp 2 ipv6 FE80::100
FSA(config-if-GigabitEthernet 0/1)# vrrp 2 ipv6 2000::100
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 priority 100
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 timers advertise 3
FSA(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 accept_mode
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FSB

FSB#configure terminal
FSB(config)#interface GigabitEthernet 0/1
FSB(config-if-GigabitEthernet 0/1)#no switchport
FSB(config-if-GigabitEthernet 0/1)#ipv6 address 2000::3/64
FSB(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 FE80::1
FSB(config-if-GigabitEthernet 0/1)#vrrp 1 ipv6 2000::1
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 priority 100
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 timers advertise 3
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 1 accept_mode
FSB(config-if-GigabitEthernet 0/1)#vrrp 2 ipv6 FE80::100
FSB(config-if-GigabitEthernet 0/1)# vrrp 2 ipv6 2000::100
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 priority 120
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 timers advertise 3
FSB(config-if-GigabitEthernet 0/1)#vrrp ipv6 2 accept_mode

Verification
FSA

Run the show vrrp command to verify the configuration.
FSA#show ipv6 vrrp
GigabitEthernet0/1-Group1
State is Master
Virtual IPv6 address is as follows:
FE80::1
2000::1
Virtual MAC address is 0000.5e00.0201
Advertisement interval is 3 sec
Accept_Mode is enabled
Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is FE80::1234 (local), priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.59 sec
GigabitEthernet 0/1 - Group 2
State is Backup
Virtual IPv6 address is as follows:
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FE80::100
2000::100
Virtual MAC address is 0000.5e00.0202
Advertisement interval is 3 sec
Accept_Mode is enabled
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is FE80::5678, priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.82 sec
FSB

FSB#show ipv6 vrrp
GigabitEthernet0/1-Group1
State is Backup
Virtual IPv6 address is as follow:
FE80::1
2000::1
Virtual MAC address is 0000.5e00.0201
Advertisement interval is 3 sec
Accept_Mode is enabled
Preemption is enabled
min delay is 0 sec
Priority is 100
Master Router is FE80::1234, priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.82 sec
GigabitEthernet0/1-Group2
State isMaster
Virtual IPv6 address is as follows:
FE80::100
2000::100
Virtual MAC address is 0000.5e00.0202
Advertisement interval is 3 sec
Accept_Mode is enabled
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Preemption is enabled
min delay is 0 sec
Priority is 120
Master Router is FE80::5678(local), priority is 120
Master Advertisement interval is 3 sec
Master Down interval is 10.59 sec

4.4.3 Configuring VRRP-MSTP

Configuration Effect



Link-level and gateway-level backup are achieved and network robustness is improved greatly when MTSP and VRRP are
applied simultaneously.

Notes



configure the routers in a VRRP backup group with the same virtual IPv4 address.



Enabled VRRP on a Layer 3 interface.

Configuration Steps



Enabling IPv4VRRP



By default, IPv4 VRRP is not enabled on an interface. To enable IPv4 VRRP, please configure this item.



Configuring the IPv4 VRRP Authentication String



By default, VRRP is in a non-authentication mode. To enable plain text password authentication for VRRP, please configure this
item.



Configuring the IPv4 VRRP Advertisement Interval



By default, a master router sends VRRP GWADV packets at an interface of one second. To manually set a value, please configure
this item.



Configuring the IPv4 VRRP Preemption Mode



By default, VRRP groups work in the preemption mode with zero-second delay.



Configuring the IPv4 VRRP Router Priority



The default router priority for a VRRP group is 100. You can modify the priority based on your demand.



Configuring the IPv4 VRRP Tracked Interface



By default, an IPv4 VRRP group monitors no interface. To achieve fault monitoring through monitoring an interface, please
configure this item.



Configuring the IPv4 VRRP Learning Timer



By default, timed learning is not enabled for a VRRP backup group. To enable backup routers to learn the VRRP GWADV packets
from a master router, please configure this item.
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Configuring the IPv4 VRRP Group Description



By default, no description is configured for a VRRP group. To distinguish VRRP groups conveniently, please configure this item.



Configuring the IPv4 VRRP Delay



By default, the VRRP delay for a VRRP group is not configured. Configure the delay to guarantee a stable transition from
Non-preemption mode to Preemption mode.



Configuring the IPv4 VRRP Version



By default, the VRRPv2 standard is adopted for IPv4 VRRP packets. To modify it manually, please configure this item.



Specifying a Sub VLAN of a Super VLAN to Receive the IPv4 VRRP Packets



By default, IPv4 VRRP packets are only sent to the first UP Sub VLAN interface in a Super VLAN, but you may configure a specific
Sub VLAN interface to send such packets.



Configuring the BFD Support for IPv4 VRRP on an Interface



By default, the linkage between an IPv4 VRRP and BFD is not configured on an interface. To enable such linkage, please
configure this item.



Configuring Global IPv4 VRRP BFD



By default, global IPv4 VRRP BFD is not used to detect whether a master router is active. To enable this, please configure this
item.

Verification



Run the show vrrp command to verify the configuration.

Related Commands



Enabling IPv4VRRP

Command

vrrp group ip ipaddress [ secondary ]

Parameter

group: Indicates the VRID of a VRRP group, the range of which varies with product models.

Description

Ipaddress: The IP address of a VRRP group.
secondary: Indicates the secondary IP address of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

If no virtual IP address is specified, routers cannot join aVRRP group. If no secondary IP address is applied, the
configured IP address will be the primary IP address of a VRRP group.



Configuring the IPv4 VRRP Authentication String

Command

vrrp group authentication string

Parameter

group: Indicates the VRID of a VRRP group.

Description

string: Indicates the authentication string of a VRRP group (a plain text password consists of 8 bytes at most).

Command

Interface configuration mode

Mode
Usage Guide
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password cannot guarantee security but only prevents/prompts wrong VRRP configurations. This command is only
applicable to VRRPv2 instead of VRRPv3.
Authentication is abolished for VRRPv3 packets. If VRRPv2 is chosen for an IPv4 VRRP group, the command is effective;
if VRRPv3 is chosen, the command is ineffective.



Configuring the IPv4 VRRP Advertisement Interval

Command

vrrp group timers advertise { advertise-interval | csec centisecond-interval }

Parameter

group: Indicates the VRID of a VRRP group.

Description

advertise-interval: Indicates the advertisement interval of a VRRP group (unit: second).
csec centisecond-interval: An interval for a master router in a backup group to send VRRP packets. It is an integer from
50to99.Theunitiscentisecond.Nodefaultvalueisprovided.ThecommandisonlyeffectiveforVRRPv3packets.Ifit
is configured for VRRPv2 packets, the default interval is one second.

Command

Interface configuration mode

Mode
Usage Guide

If a router is elected as the Master in a VRRP group, it sends VRRP advertisement packets at the set interval to
announce its VRRP state, priority and other information.
According to the RFC standards, if an IPv4 VRRP group adopts VRRPv3 for sending multicast packets, the maximum
advertisementintervalis40seconds.Therefore,iftheintervalissetlongerthan40seconds,thismaximuminterval
will be applied, though the configuration is effective.



Configuring the IPv4 VRRP Preemption Mode

Command

vrrp group preempt [ delay seconds ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

delayseconds: Indicates thepreemptiondelay forthe Master router toclaimitsstatus.The default value is0second.

Command

Interface configuration mode

Mode
Usage Guide

If aVRRP group runs in Preemption mode, a higher priority router will take the place of the lower priority Master. If a
VRRPgroup runs inNon-preemption mode, a router withthepriorityhigher than that of the Master remains Backup.
It makes little sense to configure the Preemption mode when theVRRP group uses the IP address of an Ethernet
interface, in which case the group has the highest priority and automatically becomes the Master in the group.



Configuring the IPv4 VRRP Router Priority

Command

vrrp group priority level

Parameter

group: Indicates the VRID of a VRRP group.

Description

level: Indicates the priority of an interface in a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide



This command is used to manually configure the priority of a VRRP group.

Configuring the IPv4 VRRP Tracked Interface

Command

vrrpgroup track {interface-typeinterface-number |bfd interface-type interface-number ipv4-addess} [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

interface-type interface-number: Indicates the interface to be tracked.
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bfd interface-type interface-number ipv4-address: A specified adjacent IP address tracked through BFD.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes. The default
value is 10.
Command

Interface configuration mode

Mode
Usage Guide

AtrackedinterfacemustbearoutableLayer-3logicinterface(forexample,aRoutedport,anSVIinterface,a
Loopback interface, or a Tunnel interface).
The priority of the router owns the virtual IP address associated with a VRRP group must be 255, and no tracked
interface can be configured on it.



Configuring the IPv4 VRRP Tracked IP Address

Command

vrrp group track ipv4-address [ interval interval-value ] [ timeout timeout-value ] [ retry retry-value ] [ priority ]

Parameter

group: Indicates the VRID of a VRRP group.

Description

ipv4-addres: Indicates the IPv4 address to be tracked.
interval interval-value: Indicates the probe interval. The unit is second. Unless configured manually, the value is 3
seconds by default.
timeouttimeout-value: Indicatesthe probe timeout of waiting for responses.If no response isreceived when the
timeoutisup,itisregardedthatthedestinationisinaccessible.Theunitissecond.Unlessconfiguredmanually,the
value is 1 second by default.
retry retry-value: Indicates the probe retries. If the probe packet is sent continually for retry-value times but no
response is received, it is regarded that the destination is inaccessible. The unit is times. Unless configured, the value
is 3 times by default.
priority: Indicates the scale of VRRP priority change when the state of a monitored interface changes. The default
value is 10.

Command

Interface configuration mode

Mode
Usage Guide

To monitor a host, specify its IPv4 address for an IPv4 VRRP group.
IfaVRRPgroup ownstheactualIPaddressofanEthernetinterface,thegrouppriorityis255, andno monitoredIP
address can be configured.



Configuring the IPv4 VRRP Learning Timer

Command

vrrp group timers learn

Parameter

group: Indicates the VRID of a VRRP group.

Description
Command

Interface configuration mode

Mode
Usage Guide

OncethelearningtimerisenabledonaVRRProuter,aBackuprouterlearnstheadvertisementintervaloftheMaster
duringthe timer.Based on this, the Backup router calculates the interval for determining the Master router as failed
instead of using the locally configured advertisement interval. This command achieves synchronization with the
learning timer between the Master and Backup routers.



Configuring the IPv4 VRRP Group Description

Command

vrrp group description text

Parameter

group: Indicates the VRID of a VRRP group.
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Description

text: Indicates the description of a VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

A VRRP description helps distinguishing VRRP groups. A description has 80 bytes at most, otherwise wrong
configuration is prompted.



Configuring the IPv4 VRRP Delay

Command

vrrp delay { minimum min-seconds | reload reload-seconds }

Parameter

minimum min-seconds: Indicates the VRRP delay after an interface state changes.

Description

reload reload-seconds: Indicates the VRRP delay after the system starts.

Command

Interface configuration mode

Mode
Usage Guide

After the delay is configured for a VRRP group on an interface, the VRRP group starts after the delay instead of
immediatelyuponsystemstartuportheinterface'sresumption,ensuringnon-preemption.Iftheinterfacereceivesa
VRRPpacketduringthedelay,thedelaywillbecanceledandtheVRRPwillbestartedimmediately.Thetwotypesof
delayshareavaluerangeof0to60seconds.ThisconfigurationwillbeeffectiveforbothIPv4andIPv6VRRP groups
of an interface.



Configuring the IPv4 VRRP Version

Command

vrrp group version { 2 | 3 }

Parameter

2: Indicates VRRPv2.

Description

3: Indicates VRRPv3.

Command

Interface configuration mode

Mode
Usage Guide

Considering the compatibility between VRRPv2 and VRRPv3, specify a standard for IPv4 VRRP based on the actual
network condition. VRRPv2 is developed in RFC3768, while VRRPv3 is described in RFC5798.
This command is only applicable to IPv4 VRRP.



Specifying a Sub VLAN of a Super VLAN to Receive the IPv4 VRRP Packets

Command

vrrp detection-vlan {first-subvlan | subvlan-id}

Parameter

first-subvlan: Sends IPv4 VRRP packets only to the first UP Sub VLAN interface in a Super VLAN.

Description

subvlan-id: Sends IPv4 VRRP packets to a specified Sub VLAN.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to specify a Sub VLAN of a Super VLAN to receive the IPv4 VRRP packets. IPv4 VRRP packets are
sent in a Super VLAN using the following three methods. Packets are sent to the first UP Sub VLAN interface in a
Super VLAN, or to a specified Sub VLAN interface in a Super VLAN, or to all the Sub VLAN interfaces in a Super VLAN. If
both VRRP and VRRP PLUS are enabled on a Super VLAN interface, VRRP packets are sent to all the UP Sub VLAN
interfaces of the Super VLAN interface.
This command is configured on a VLAN interface and effective only to Super VLAN interfaces.



Configuring the BFD Support for IPv4 VRRP on an Interface

Command

vrrp group bfd ip-address

Parameter

group: Indicates the VRID of a VRRP group.
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Description

ip-address: Indicates the interface IP address.

Command

Interface configuration mode

Mode
Usage Guide

ForaBackuprouter,runthis command tocorrelatean IPv4VRRP group withBFDwithout caringtheconfigured IP
address.FortheMaster,astheprimaryIPaddressofaBackuprouterisnotknown,therouterIPaddresscanonlybe
specified by the administrator.
If global IPv4 VRRP BFD is configured, this configuration cannot be performed.
Toenable the BFD support, make sure that IP and BFDsessionparameters are configuredon the target interface.



Configuring Global IPv4 VRRP BFD

Command

vrrp bfd interface-type interface-number ip-address

Parameter

interface-type interface-number: Indicates interface type and ID.

Description

ip-address: Indicates the interface IP address.

Command

Global configuration mode

Mode
Usage Guide

If global IPv4 VRRP BFD is configured, the configured BFD support will be deleted.
To enable the BFD support, make sure that IP and BFD session parameters are configured on the target interface.
A global IPv4 VRRP BFD session is only applicable to an IPv4 VRRP group consisting of two routers.

Configuration Example



Configuring VRRP+MSTP

Scenario
Figure 4-8

Configuration



Steps

Enable MSTP on routers (switches A, B, C, D, E and F in this example). Configure VLAN-Instance mapping
(mapping VLAN 10 and VLAN 20 to Instance 1, VLAN 30 and VLAN 40 to Instance 2, and the rest VLANs to
Instance 0), and configure gateways (Switch A and Switch B in this example) as the root bridges of
corresponding instances.



Addthe SVIsof allVLANs tocorrespondingVRRP backupgroups,and configure gateways as the masterand
backup routers for corresponding backup groups See configuration details in the following table.

Gateway
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Switch A
Switch B
Switch A
Switch B
Switch A
Switch B
Switch A
Switch B



10

20

30

40

192.168.10.2
192.168.10.3
192.168.20.2
192.168.20.3
192.168.30.2
192.168.30.3
192.168.40.2
192.168.40.3

VRRP 10

192.168.10.1

VRRP 20

192.168.20.1

VRRP 30

192.168.30.1

VRRP 40

192.168.40.1

Master
Backup
Master
Backup
Backup
Master
Backup
Master

Configure the uplink port (port Gi 0/1 of Switch A and Switch B) of master routers as a monitored interface of
master router.



Step1:CreateVLAN.CreateVLAN10,VLAN20,VLAN30andVLAN40respectivelyonSwitchAandSwitchB.



Step 2: Configure MST regions. Map VLAN 10 and VLAN 20 to Instance 1, VLAN 30 and VLAN 40 to Instance 2,
and the rest VLANs to Instance 0.



Step 3: Configure Switch A as the root bridge for MST 0 and MST 1, and Switch B as the root bridge for MST 2.



Step 4: EnableMSTP.



Step 5: Configure SVIs of all the VLANs, add the SVIs to corresponding backup groups, and configure virtual IP
addresses for the groups. See configuration in the above table.



Step 6: Configure master routers and backup routers for all the groups.



Step7:ConfiguretheuplinkportsofmasterroutersasmonitoredportsofVRRPgroups.Caution:Monitored
ports should be Layer 3 ports.

Step 8: Configure the Internet interfaces of the core routers as AP interfaces.

SwitchA

//Create VLAN 10, VLAN 20, VLAN 30 and VLAN 40 on Switch A.
SwitchA#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchA(config)#vlan range 10,20,30,40
SwitchA(config-vlan-range)#exit
//Map VLAN 10 and VLAN 20 to Instance 1, VLAN 30 and VLAN 40 to Instance 2, and the rest VLANs to Instance 0.
SwitchA(config)#spanning-tree mst configuration
SwitchA(config-mst)#instance 1 vlan 10,20
%Warning:you must create vlans before configuring instance-vlan relationship
SwitchA(config-mst)#instance 2 vlan 30,40
%Warning:you must create vlans before configuring instance-vlan relationship
SwitchA(config-mst)#exit
//On Switch A, configure the priority of MST 0 and MST 1 as 4096, and that of MST 2 as 8192.
SwitchA(config)#spanning-tree mst 0 priority 4096
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SwitchA(config)#spanning-tree mst 1 priority 4096
SwitchA(config)#spanning-tree mst 2 priority 8192
//Enabling MSTP
SwitchA(config)#spanning-tree
Enable spanning-tree.
//Configure SVIs of all the VLANs, add the SVIs to corresponding backup groups, and configure virtual IP addresses for
the groups.
SwitchA(config)#interface vlan 10
SwitchA(config-if-VLAN 10)#ip address 192.168.10.2 255.255.255.0
SwitchA(config-if-VLAN 10)#vrrp 10 ip 192.168.10.1
SwitchA(config-if-VLAN 10)#exit
SwitchA(config)#interface vlan 20
SwitchA(config-if-VLAN 20)#ip address 192.168.20.2 255.255.255.0
SwitchA(config-if-VLAN 20)#vrrp 20 ip 192.168.20.1
SwitchA(config-if-VLAN 20)#exit
SwitchA(config)#interface vlan 30
SwitchA(config-if-VLAN 30)#ip address 192.168.30.2 255.255.255.0
SwitchA(config-if-VLAN 30)#vrrp 30 ip 192.168.30.1
SwitchA(config-if-VLAN 30)#exit
SwitchA(config)#interface vlan 40
SwitchA(config-if-VLAN 40)#ip address 192.168.40.2 255.255.255.0
SwitchA(config-if-VLAN 40)#vrrp 40 ip 192.168.40.1
SwitchA(config-if-VLAN 40)#exit
//Increase the priority of the VRRP 10 and VRRP 20 of Switch A to 120.
SwitchA(config)#interface vlan 10
SwitchA(config-if-VLAN 10)#vrrp 10 priority 120
SwitchA(config-if-VLAN 10)#exit
SwitchA(config)#interface vlan 20
SwitchA(config-if-VLAN 20)#vrrp 20 priority 120
SwitchA(config-if-VLAN 20)#exit
//Configure the Gi 0/1 port of Switch A as Route Port and its IP address as10.10.1.1/24.
SwitchA(config)#interface gigabitEthernet 0/1
SwitchA(config-if-GigabitEthernet 0/1)#no switchport
SwitchA(config-if-GigabitEthernet 0/1)#ip address 10.10.1.1 255.255.255.0
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SwitchA(config-if-GigabitEthernet 0/1)#exit
//ConfiguretheGi0/1portofSwitchAasamonitoredportforVRRP10andVRRP20,andaPrioritydecrementof30.
SwitchA(config)#interface vlan 10
SwitchA(config-if-VLAN 10)#vrrp 10 track gigabitEthernet 0/1 30
SwitchA(config-if-VLAN 10)#exit
SwitchA(config)#interface vlan 20
SwitchA(config-if-VLAN 20)#vrrp 20 track gigabitEthernet 0/1 30
SwitchA(config-if-VLAN 20)#exit
//Configureports Gi 0/2and Gi0/3 asAP ports,whichareTrunk ports.
SwitchA#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchA(config)#interface range gigabitEthernet 0/2-3
SwitchA(config-if-range)#port-group 1
SwitchA(config)#interface aggregateport 1
SwitchA(config-if-AggregatePort 1)#switchport mode trunk
SwitchB

//Create VLAN 10, VLAN 20, VLAN 30 and VLAN 40 on Switch B.
SwitchB#configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchB(config)#vlan range10,20,30,40
SwitchB(config-vlan-range)#exit
//Map VLAN 10 and VLAN 20 to Instance 1, VLAN 30 and VLAN 40 to Instance 2, and the rest VLANs to Instance 0.
SwitchB(config)#spanning-tree mst configuration
SwitchB(config-mst)#instance 1 vlan 10,20
%Warning:you must create vlans before configuring instance-vlan relationship
SwitchB(config-mst)#instance 2 vlan 30,40
%Warning:you must create vlans before configuring instance-vlan relationship
SwitchB(config-mst)#exit
//OnSwitchB,configurethepriorityofMST2as4096, and thatofMST0and MST1 as8192.
SwitchB(config)#spanning-tree mst 2 priority 4096
SwitchB(config)#spanning-tree mst 0 priority 8192
SwitchB(config)#spanning-tree mst 1 priority 8192
//Enabling MSTP
SwitchB(config)#spanning-tree
Enable spanning-tree.
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//Configure SVIs of all the VLANs, add the SVIs to corresponding backup groups, and configure virtual IP addresses for
the groups.
SwitchB(config)#interface vlan 10
SwitchB(config-if-VLAN 10)#ip address 192.168.10.3 255.255.255.0
SwitchB(config-if-VLAN 10)#vrrp 10 ip 192.168.10.1
SwitchB(config-if-VLAN 10)#exit
SwitchB(config)#interface vlan 20
SwitchB(config-if-VLAN 20)#ip address 192.168.20.3 255.255.255.0
SwitchB(config-if-VLAN 20)#vrrp 20 ip 192.168.20.1
SwitchB(config-if-VLAN 20)#exit
SwitchB(config)#interface vlan 30
SwitchB(config-if-VLAN 30)#ip address 192.168.30.3 255.255.255.0
SwitchB(config-if-VLAN 30)#vrrp 30 ip 192.168.30.1
SwitchB(config-if-VLAN 30)#exit
SwitchB(config)#interface vlan 40
SwitchB(config-if-VLAN 40)#ip address 192.168.40.3 255.255.255.0
SwitchB(config-if-VLAN 40)#vrrp 40 ip 192.168.40.1
SwitchB(config-if-VLAN 40)#exit
//Increase the priority of VRRP 30 and VRRP 40 of Switch B to 120.
SwitchB(config)#interface vlan 30
SwitchB(config-if-VLAN 30)#vrrp 30 priority 120
SwitchB(config-if-VLAN 30)#exit
SwitchB(config)#interface vlan 40
SwitchB(config-if-VLAN 40)#vrrp 40 priority 120
SwitchB(config-if-VLAN 40)#exit
//Configure the Gi 0/1 port of Switch B as Route Port and its IP address as 10.10.1.1/24.
SwitchB(config)#interface gigabitEthernet 0/1
SwitchB(config-if-GigabitEthernet 0/1)#no switchport
SwitchB(config-if-GigabitEthernet 0/1)#ip address 10.10.2.1 255.255.255.0
SwitchB(config-if-GigabitEthernet 0/1)#exit
//Configure the Gi 0/1 port of Switch B as a monitored port for VRRP 30 and VRRP 40, and the Interface-Priority as 30.
SwitchB(config)#interface vlan 30
SwitchB(config-if-VLAN 30)#vrrp 30 track gigabitEthernet 0/1 30
SwitchB(config-if-VLAN 30)#exit
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SwitchB(config)#interface vlan 40
SwitchB(config-if-VLAN 40)#vrrp 40 track gigabitEthernet 0/1 30
SwitchB(config-if-VLAN 40)#exit
//Configureports Gi 0/2and Gi0/3 asAP ports,whichareTrunk ports.
SwitchB #configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
SwitchB (config)#interface range gigabitEthernet 0/2-3
SwitchB (config-if-range)#port-group 1
SwitchB (config)#interface aggregateport 1
SwitchB (config-if-AggregatePort 1)#switchport mode trunk
Verification
Switch A

Check the configuration.
SwitchA#show running-config
!
vlan 10
!
vlan 20
!
vlan 30
!
vlan 40
!
spanning-tree
spanning-tree mst configuration
instance 0 vlan 1-9, 11-19, 21-29, 31-39, 41-4094
instance 1 vlan 10, 20
instance 2 vlan 30, 40
spanning-treemst0priority4096
spanning-treemst1priority4096
spanning-treemst2priority8192
interface GigabitEthernet 0/1
no switchport
no ip proxy-arp
ip address 10.10.1.1 255.255.255.0
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!
interface GigabitEthernet 0/2
port-group 1
!
interface GigabitEthernet 0/3
port-group 1
!
interface AggregatePort 1
switchport mode trunk
!
interface VLAN 10
no ip proxy-arp
ip address 192.168.10.2 255.255.255.0
vrrp 10 priority 120
vrrp 10 ip 192.168.10.1
vrrp 10 track GigabitEthernet 0/1 30
!
interface VLAN 20
no ip proxy-arp
ip address 192.168.20.2 255.255.255.0
vrrp 20 priority 120
vrrp 20 ip 192.168.20.1
vrrp 20 track GigabitEthernet 0/1 30
!
interface VLAN 30
no ip proxy-arp
ip address 192.168.30.2 255.255.255.0
vrrp 30 ip 192.168.30.1
!
interface VLAN 40
no ip proxy-arp
ip address 192.168.40.2 255.255.255.0
vrrp 40 ip 192.168.40.1
//Check VRRP status.
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SwitchA#show vrrp brief
Interface Grp Pri timer Own Pre State

Master addr

Group addr

VLAN 10

10

120 3

-

P

Master 192.168.10.2 192.168.10.1

VLAN 20

20

120 3

-

P

Master 192.168.20.2 192.168.20.1

VLAN 30

30

100 3

-

P

Backup 192.168.30.3 192.168.30.1

VLAN 40

40

100 3

-

P

Backup 192.168.40.3 192.168.40.1

//Disconnect the uplink of Switch A, and check VRRP status.
SwitchA#show vrrp brief
Interface Grp Pri timer Own Pre State

Switch B

Master addr

Group addr

VLAN 10

10

90

3

-

P

Backup 192.168.10.3 192.168.10.1

VLAN 20

20

90

3

-

P

Backup 192.168.20.3 192.168.20.1

VLAN 30

30

100 3

-

P

Backup 192.168.30.3 192.168.30.1

VLAN 40

40

100 3

-

P

Backup 192.168.40.3 192.168.40.1

//Check the configuration.
SwitchB#show running-config
!
vlan 10
!
vlan 20
!
vlan 30
!
vlan 40
!
spanning-tree
spanning-tree mst configuration
instance 0 vlan 1-9, 11-19, 21-29, 31-39, 41-4094
instance 1 vlan 10, 20
instance 2 vlan 30, 40
spanning-treemst0priority8192
spanning-treemst1priority8192
spanning-treemst2priority4096
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interface GigabitEthernet 0/1
no switchport
no ip proxy-arp
ip address 10.10.2.1 255.255.255.0
!
interface GigabitEthernet 0/2
port-group 1!
interface GigabitEthernet 0/3
port-group 1
!
interface AggregatePort 1
switchport mode trunk
!
interface VLAN 10
no ip proxy-arp
ip address 192.168.10.3 255.255.255.0
vrrp 10 ip 192.168.10.1
!
interface VLAN 20
no ip proxy-arp
ip address 192.168.20.3 255.255.255.0
vrrp 20 ip 192.168.20.1
!
interface VLAN 30
no ip proxy-arp
ip address 192.168.30.3 255.255.255.0
vrrp 30 priority 120
vrrp 30 ip 192.168.30.1
vrrp 30 track GigabitEthernet 0/1 30
!
interface VLAN 40
no ip proxy-arp
ip address 192.168.40.3 255.255.255.0
vrrp 40 priority 120
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vrrp 40 ip 192.168.40.1
vrrp 40 track GigabitEthernet 0/1 30
//Check VRRP status.
SwitchB#show vrrp brief
Interface Grp Pri timer Own Pre State

Master addr

Group addr

VLAN 10

10

100 3

-

P

Backup 192.168.10.2 192.168.10.1

VLAN 20

20

100 3

-

P

Backup 192.168.20.2 192.168.20.1

VLAN 30

30

120 3

-

P

Master 192.168.30.3 192.168.30.1

VLAN 40

40

120 3

-

P

Master 192.168.40.3 192.168.40.1

//Disconnect the uplink of Switch B, and check VRRP status.
SwitchB#show vrrp brief
Interface Grp Pri timer Own Pre State

Master addr

Group addr

VLAN 10

10

100 3

-

P

Master 192.168.10.3 192.168.10.1

VLAN 20

20

100 3

-

P

Master 192.168.20.3 192.168.20.1

VLAN 30

30

120 3

-

P

Master 192.168.30.3 192.168.30.1

VLAN 40

40

120 3

-

P

Master 192.168.40.3 192.168.40.1

4.5 Monitoring
Displaying
Description

Command

Displays the brief or detailed

show [ ipv6 ] vrrp [ brief | group ]

information of IPv4/IPv6 VRRP.
Displays the information of an IPv4/IPv6

show [ ipv6 ] vrrp interface type number [ brief ]

VRRP group on a specified interface.
DisplaysthestatisticsofVRRPpackets.

show vrrp packet statistics [ interface-type interface-number ]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs VRRP errors, events, packets and

debug [ ipv6 ] vrrp

status.
Debugs VRRP errors.

debug [ ipv6 ] vrrp errors

Debugs VRRP events.

debug [ ipv6 ] vrrp events

Debugs VRRP packets.

debug vrrp packets [ acl acl-id | [ icmp | protocol ] interface type number [ group ] ]
debug ipv6 vrrp packets [ acl acl-name | [ icmp | protocol ] interface type number
[ group ] ]

Debugs VRRP status.
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5 Configuring VRRP Plus
5.1 Overview
Virtual Router Redundancy Protocol Plus (VRRP Plus) is an extension ofVRRP.It uses VRRP to implement
gateway backup and load balancing in the IEEE 802.3 local area network (LAN).
A disadvantage of VRRP is that the router inbackup statecannot forward packets.TouseVRRP to
implementloadbalancing,youneedtomanuallyconfiguremultipleVRRPgroupsandsetthegateway
addresses of hosts in the LAN to virtual IPaddresses of differentVRRP groups.This increases the
workload of the network administrator. VRRP Plus is designed to address this issue.
With VRRP Plus, load balancing is automatically implemented. That is, traffic of different hosts is
automatically distributed to members of the VRRP Plus group, and it is unnecessary to configure
multiple VRRP groups orset the gateway addresses of hosts in the LAN to virtual IP addresses of different
VRRP groups. This greatly reduces the workload of the network administrator.

5.2 Applications
Application

Description

EnablingLoadBalancingWithinaVRRP

Implement load balancing within a VRRP group without configuring multiple groups or

Group

configuring different default gateways for hosts.

5.2.1 Enabling Load Balancing Within a VRRP Group

Scenario
EnableloadbalancingwithinaVRRPgroupwithoutconfiguringwithoutconfiguringmultipleVRRP
groups or configuring different default gateways for hosts.
As shown in Figure 5-1, configure data as follows:



Configure a VRRP group that consists of Router A and Router B, and enable the VRRP Plus function.



Configure the default gateway of each host as the master virtual IP address of the VRRP group.
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Figure 5-1 Application topology of IPv4 VRRP Plus

58.

Two layer-3 (L3) devices, Router A and Router B, form a VRRP Plus group, and the virtual IP address of the group is
192.168.12.1. Router A is the master device of VRRP and functions as a balancing virtual gateway (BVG). Router B is
the backup device of VRRP and functions as a balancing virtual forwarder (BVF).

59.

Host 1 to Host 4 are hosts in the LAN with the network segment 192.168.12.0/24. Their default gateway addresses are
set to the virtual IP address 192.168.12.1 of the VRRP Plus group.

60.

The load balancing policy is configured on the device to respond to the ARP requests sent from different hosts. For
example,whenHost1andHost2requestthegatewayARP,theMACaddress0000.5e00.0101 isreturnedtoHost1
and Host 2. When Host 3 and Host 4 request the gateway ARP,the MAC address 001A.A916.0201 is returned to Host 3
and Host 4. In this way, packets exchanged between Host 1/Host 2 and the external network are sent to Router A,
andpacketsexchanged betweenHost3/Host4 andtheexternal networkaresenttoRouter B,thereby implementing
load balancing.
Figure 5-2 Application topology of IPv6 VRRP Plus
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Remarks

61.

TwoL3devices,RouterAandRouterB,formanIPv6VRRPPlusgroup,andthevirtualIPv6addressesarefe80::8and
2000::8. Router A is the master device of IPv6 VRRP and functions as a BVG. Router B is the backup device of IPv6 VRRP
and functions as a BVF.

62.

Host 1 to Host 4 are hosts in the LAN, and all their IPv6 gateway addresses are set to 2000::8.

63.

WhenHost1andHost2requesttheneighbor discovery(ND)ofthegateway,theMACaddress0000.5e00.0201is
returned to Host 1 and Host 2. When Host 3 and Host 4 request the ND of the gateway, the MAC address
1414.4B72.7701 is returned to Host 3and Host 4. In this way, packetsexchanged between Host 1/Host 2 and the
external networkaresenttoRouterA, and packetsexchangedbetweenHost 3/Host4and theexternal networkare
sent to Router B, thereby implementing load balancing.

Deployment



Deploy VRRP Plus on Router A and Router B to implement load balancing on the local host.

5.3 Features
Basic Concepts



BVG

The BVG allocates virtual MAC addresses to members of the VRRP Plus group. It responds to the gateway ARP/ND requests in the LAN,
and forwards packets of hosts in the LAN.



BVF

The BVF forwards packets of hosts in the LAN. If a virtual MAC address is allocated to a BVF, the BVF participates in packet forwarding;
otherwise, the BVF does not participate in packet forwarding.
Overview
Feature

Description

VRRP Plus

Extend VRRP and use VRRP to implement gateway backup and load balancing in the IEEE 802.3 LAN.

5.3.1 VRRP Plus

WithVRRPPlus, load balancing isautomatically implemented.That is,traffic of different hosts is
automaticallydistributed to members of theVRRP Plus group, and it is unnecessary toconfigure
multipleVRRPgroupsorsetthegatewayaddressesofhostsintheLANtothevirtualIPaddressesof
different VRRPgroups.
Basic Principles
HostsinaLANusetheunifiedgatewayIPaddress(thatis,virtualIPaddressoftheVRRPgroup).When
different hosts request the gateway ARP, the BVG responds with different virtual MAC addresses. In this
way, traffic of different hosts are distributed to different members of the VRRP Plus group, thereby
implementing load balancing.



Relationship Between VRRP Plus and VRRP
VRRP Plus relies on VRRP, and runs in the following way:
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A master device inVRRP corresponds to a BVG inVRRP Plus, and a backup device inVRRP corresponds to
aBVF inVRRPPlus.Gatewayaddressesof hostsintheLAN aresettothevirtual IPaddressofVRRP.



MAC Address Allocation Rules of the BVG and BVF
The BVG allocates virtual MAC addresses to BVFs. For an IPv4 VRRP Plus group, the BVG directly uses the
virtualMACaddressofVRRPtoensurecompatibilitybetweenIPv4VRRPPlusandVRRP.Thatis,the
virtual MAC address used by the BVG is 00-00-5E-00-01-{VRID}, where VRID is the VRRP group number.
ThevirtualMACaddressusedbyaBVFis00-1A-A9-16-{MemberID}-{VRID},whereMemberIDisthe
member ID of the BVF in the VRRP Plus group. Currently, aVRRP Plus group can have up to four
members. The BVG uses the member ID 01, and the other BVFs use the member IDs 02 to 04. For an IPv6
VRRPPlusgroup,theBVGdirectlyusesthevirtualMACaddressofIPv6VRRPtoensurecompatibility
between IPv6 VRRP Plus and VRRP.That is, the virtual MAC address used by the BVG is
00-00-5E-00-02-{VRID}, where VRID is the IPv6VRRP group number.The virtual MAC address used by a
BVF is 14-14-4B-72-{76 + MemberID }-{VRID}, where MemberID ranges from 01 to 03.



Load Balancing Policy of VRRP Plus
The BVG responds to the gateway ARP/NS requests sent from hosts in a LAN. Based on the specific load
balancing policy, the BVG responds hosts with different virtual MAC addresses. There are three types of
load balancing policies:



Host-dependent policy: A specified virtual MAC address is used to respond to the requests sent by aspecified host.



Round-robinpolicy:VirtualMACaddressesinthebackupgroupareusedinacyclicmannertorespondtothegatewayARP/NS
requests sent by hosts.



Weighted policy: The ARP/NA requests are responded based on the forwarding capability of each device.
If the load balancing mode is changed, load balancing is always implemented in the new load balancing
mode. For example, if the polling response mode is previously used, and later the weighted mode is
used, load balancing isimplementedin weightedmode regardless of the earlier responses of the device.
If the weighted policy is used, and the total weight of virtual routers in a VRRP Plus group is 0, the
ARP/NS requests are not responded.



Proxy of the Virtual MAC Address
When a devicewith a virtual MAC address becomes faulty inthe backup group, trafficof hosts that use
this virtual MAC address as the gateway MAC address will be interrupted.
The BVG intheVRRP Plus backup group can quickly detect the fault, and automatically allocatesthe
virtualMACaddressofthe faultyBVFtoanother deviceinthebackupgroup.The new deviceactsas the
proxy of the faulty device to forward packets of the virtual MAC address. In addition, this proxy device
takes over traffic of original hosts to prevent traffic interruption. The virtual MAC address allocatedto a
deviceinthebackupgroupcanbecalledmastervirtualMACaddress,andthevirtualMACaddressused
by this device on behalf of another device is called proxy virtual MAC address.



Redirection Time and Timeout of the Proxy Virtual MAC Address
VRRPPlusprovidestheproxy functionforthevirtualMACaddresssothatanotherdevicecantakethe
placeof afaultydevice witha virtual MACaddress toforward packets.If the BVF isrecovered fromthe
fault, its forwarding role is recovered and the BVF continues to forward packets of the virtual MAC
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address allocated to this BVF.If the faulty BVF is not recovered, the backup group stops redirecting
trafficto this virtual MAC address.That is, when ARP requests are received again, this virtual MAC
address is no longer responded. After a sufficient long period of time, it is believed that hosts that use
theMACaddressasthegatewayMACaddressalreadyupdatetheARP/NDtableentryofthegateway
address,andthetrafficisalreadytakenoverbyother devices.Atthistime,thisvirtualMACaddresscan
be deleted, and packets sent to this virtual MAC address are dropped.
VRRP Plus supports configuration of the redirection time and timeout of the backup group. When a
device is faulty, the backup group allocates the virtual MAC address of the faulty device to another
device. Within the redirection time, the backup group continues to use this virtual MAC address to
respondtheARP/NSrequests.Whentheredirectiontimeexpires,thebackupgroupnolonger usesthis
virtualMACaddresstorespond therequests.Whenthe timeoutelapses, thebackupgroupdeletes this
virtual MAC address and stops using this virtual MAC address for proxy forwarding. Figure 1-3 shows the
changes to the role of the virtual MAC address within the redirection time and timeout.
Figure 5-3 Changes to the Role of the Virtual MAC Address Within the Redirection Time and Timeout



Weight-based Forwarding
VRRPPlussupportstheweightconfiguration ofthebackupgroup.Differentweightsareconfiguredfor
different devices. In this way, more traffic is distributed to the device with a greater weight and less
traffic is distributed to the device with a smaller weight, thereby fully utilizing the forwarding
performance of different devices. When the weight of a BVF in the backup group is smaller than the
lowerthreshold, theBVF automaticallyexitsfromtheforwardingrole.Whenthe weight recoversand is
greaterthan theupper threshold, theBVFautomaticallyapplies forthe forwardingrole.Theforwarding
role can be recovered when one or more remaining virtual MAC addresses or proxy virtual MAC
addresses exist.



Association of VRRP Plus with BFD
VRRP Plus supports association with bidirectional forwarding detection (BFD) to adjust the weight
based on the link status. Each device in a backup group can associate its weight with the link status.
When alink isabnormal or interrupted, the deviceautomatically decreases itsweight.Whenthe weight
is too low, the device automatically exits from the forwarding role. If the backup group is currently using
the weighted load balancing policy, traffic can be distributed based on the new weight. When the
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associatedlinkrecovers,thedevicecanautomaticallyrestoreitsoriginalweightandtheforwardingrole.
If the backup group is currently using the weighted load balancing policy, traffic can be distributed
based on the recovered weight. IPv6 VRRP Plus currently does not support association with BFD.



Weight-based Forwarding Seizure
VRRPPlussupports thefunctionofseizingtheforwardingrole.InVRRPPlus,atmostfour devicescan
participate in load balancing. That is, aVRRP Plus backup group generates at most four virtual MAC
addresses.If more than four devices areadded toaVRRP Plus group, only four devices participate in
packet forwarding. The remaining devices only listen to the status of other devices and do not
participate in packet forwarding. Only when a device participating in packet forwarding is faulty,
another device that originally does not participate in packet forwarding will take the place of the faulty
device to forward packets. Assume that a VRRP Plus backup group already has four devices and all these
devices participate in packet forwarding; a fifth device is added to the VRRP Plus group, and the
forwarding capability of this device is strong or the original forwarding role encounters a link failure and
consequentlydegradation of forwarding performance. In thiscase, if the seizure mode is enabled, the
fifth device can seize the forwarding role from a device with a smaller weight (that is, with lower
forwarding capability). A greater weight is configured for a device with stronger forwarding capability.
When the weight of a device in listening state is found greater than that of a forwarding device, the
devicein listening stateautomaticallyseizes theforwarding rolefromtheforwarding device.That is, the
devicewith stronger forwarding capabilityforwards packets,whereas thedevicewithlower forwarding
capability is in listening state. This can minimize the waste of resources.
The BVG in a backup group is responsible for allocation of virtual MAC addresses. Therefore, the BVG role
cannotbe seized, and onlytheforwardingroleofaBVFcanbeseized. IftheBVGdeviceisfaulty,VRRP
re-elects a new master device, which assumes the BVG role.



Factors Affecting the Forwarding Policy

64.

After VRRP Plus is configured, the ARP/NS requests are received from hosts can be responded based on different load balancing
policiestoimplement loadbalancing among thesehosts.However, load balancing cannot be implemented forhoststhat have
learned the VRRP virtual gateway addresses before configuration of VRRP Plus. Therefore, if VRRP Plus is configured after the
VRRPstateischangedtoMaster,realload balancingcannot be implementedbeforeaging of theARP/NDs learned byhosts.
Load balancing is implemented only after the gateway ARP/NDs recorded by the hosts age and the hosts request for new
gateway addresses.

65.

Periodical sending of gratuitous ARPs on an interface also affect the load balancing function of VRRP Plus. When VRRP Plus is
enabled,thefunctionofsendinggratuitousARPsofVRRPvirtualIPaddresseswillbedisabled.WhenanvirtualIPaddress
overlaps with an actual IP address, gratuitous ARPs of this address are no longer sent.

66.

When an address conflict occurs between a host and the local device, the ARP/NA module will broadcast gratuitous ARP/NA
packetsofthisaddress.Ifaconflictof theVRRPPlusvirtualaddressoccurs,sending gratuitous ARP/NApacketwillresult
re-learning of the host's gateway MAC address, which negatively affects the load balancing function of VRRP Plus. Therefore, the
load balancing function of VRRP Plus is currently not supported in this scenario.

5.4 Configuration
Configuration Item
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Configuration Item

Description and Command
(Mandatory) It is used to enable the VRRP Plus function.
vrrp balance

Enables theVRRP Plus functionof aVRRP backup group with
the specified group ID in interface configuration mode.

(Optional) It is used to configure parameters of a VRRP Plus backup group.
vrrp load-balancing
Configuring VRRP Plus

Configuresthe load balancing policyof VRRP Plus in interface
configuration mode.
Configures the redirection time and timeout of the proxy

vrrp timers redirect

virtual MAC address in a VRRP Plus backup group in interface
configuration mode.

vrrp weighting
vrrp forwarder preempt
vrrpweighting track

Configures the weight and upper and lower thresholds of a
VRRP Plus backup group in interface configuration mode.
Configures the forwarding seizure function of a VRRP Plus
backup group in interface configuration mode.
Configures a weight tracking object of a VRRP Plus backup
group in interface configuration mode.

5.4.1 Configure VRRP Plus

Configuration Effect



Enable the VRRP Plus function. (By default, this function is disabled.)



Configure a weight tracking object of a VRRP Plus backup group.

Notes



To enable the VRRP Plus function, you must configure the VRRP virtual IP address for the corresponding backup group.

Configuration Steps



Enabling VRRP Plus on an Interface



By default, VRRP Plus is enabled. Perform this configuration if VRRP Plus is required.



Configuring the Load Balancing Policy of VRRP Plus



After VRRP Plus is enabled, the host-dependent load balancing policy is used by default.



Configuring the Redirection Time and Timeout of the Proxy Virtual MAC Address in a VRRP Plus Backup Group



After VRRP Plus is enabled, the redirection time is set to 300s and timeout is set to 14,400s by default.



Configuring the Weight and Upper and Lower Thresholds of a VRRP Plus Backup Group



AfterVRRP Plus is enabled, the weight of the backup group is set to 100, the lower threshold to 1, and the upper threshold to
100 by default.



Configuring the Forwarding Seizure Function of a VRRP Plus Backup Group



After VRRP Plus is enabled, the forwarding seizure function is enabled by default.
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Configuring the Weight Tracking Object of a VRRP Plus Backup Group



Theweighttracking objectof aVRRP Plusbackupgroup isdisabledby default.Performthisconfiguration ifthetracking
function is required.

Verification



Run theshow [ipv6 ]groupvrrpbalancecommand todisplay theVRRP backup group configuration. If the backupgroup has
thepacketforwardingtasks,"local"isdisplayedintheforwarderscolumn,andthevirtualMACaddressallocatedtothisbackup
group is also displayed.

Related Commands



Enabling VRRP Plus on an Interface

Command

vrrp [ ipv6 ]group balance

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

group: Indicates the ID of the VRRP group. The value range of the group ID varies according to the product model.

Command

Interface configuration mode

Mode
Usage Guide



VRRP Plus can be enabled only after a VRRP group is configured.

Configuring the Load Balancing Policy of a VRRP Plus Backup Group

Command

vrrp [ ipv6 ]group load-balancing{host-dependent | round-robin | weighted }

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

group: Indicates the ID of the VRRP group.
host-dependent: Indicates the host-dependent load balancing policy.
round-robin: Indicates the round-robin load balancing policy.
weighted: Indicates the weighted load balancing policy.

Command

Interface configuration mode

Mode
Usage Guide

After VRRP Plus is enabled, the host-dependent load balancing policy is used by default. The load balancing policy of
the entire backup group is determined by the policy configured on the BVG. If you wish to use the same load
balancing policy after the role of the BVG device changes, configure the same policy on all devices in the backup
group.



Configuring the Redirection Time and Timeout of the Proxy Virtual MAC Address in a VRRP Plus Backup Group

Command

vrrp [ ipv6 ]group timers redirectredirecttimeout

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

group: Indicates the ID of the VRRP group.
redirect: Indicates the redirection time. The value ranges from 0 to 3,600s. The default value is 300s, that is, 5 minutes.
timeout:Indicatesthetimeouttime.Thevaluerangesfrom(redirect+600)to64,800s.Thedefaultvalueis14400,that
is, 4 hours.

Command

Interface configuration mode

Mode
Usage Guide

AfterVRRP Plus is enabled, the redirection time is set to300s and timeout isset to14,400s by default.Whena device
is faulty, the backup group allocates the virtual MAC address of the faulty device to another device. Within the
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redirection time, the backup group continues to use this virtual MAC address to respond the ARP/NS requests. When
the redirection time expires, the backup group no longer uses this virtual MAC address to respond the requests.
When the timeout elapses, the backup group deletes this virtual MAC address.



Configuring the Weight and Upper and Lower Thresholds of a VRRP Plus Backup Group

Command

vrrp [ ipv6 ]group weightingmaximum [ lowerlower ] [ upperupper ]

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

maximum: Indicatesthe weight of the backup group.The value ranges from2 to254.The defaultvalue is100.
lowerlower:Indicatesthelowerthresholdofthebackupgroup.Thevaluerangesfrom1to(maximum -1).The
default value is 1.
upperupper: Indicates the upper threshold of the backup group. The value ranges from lower to maximum. The
default value is 100.

Command

Interface configuration mode

Mode
Usage Guide

After VRRP Plus is enabled, the weight and upper and lower thresholds of a VRRP Plus backup group are configured
by default. You can use this command to configure different weights for different devices so that more traffic is
distributed to the device with a greater weight and less traffic is distributed to the device with a smaller weight.
When the weight of a BVF in the backup group is lower than the lower threshold, the BVF automatically exits from
the forwarding role.When the weight recovers and is higher than the upper threshold, the forwarding role of the BVF
is automatically restored.



Configuring the Forwarding Seizure Function of a VRRP Plus Backup Group

Command

vrrp[ ipv6 ]group forwarder preempt

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

group: Indicates the ID of the VRRP group.

Command

Interface configuration mode

Mode
Usage Guide

After VRRP Plus is enabled, the forwarding seizure function is enabled by default. VRRP Plus supports configuration of
the forwarding seizure function of a backup group. When the weight of a device in listening state is found greater
than that of a forwarding device, the device in listening state automatically seizes the forwarding role from the
forwardingdevice.That is,thedevicewithstronger forwardingcapabilityforwards packets,whereas thedevicewith
lower forwarding capability is in listening state.



Configuring the Weight Tracking Object of a VRRP Plus Backup Group

Command

vrrp [ ipv6 ] group weighting track object-number [ decrement value ]

Parameter

ipv6: Indicates that this configuration applies to IPv6. By default, the configuration applies to IPv4.

Description

group: Indicates the ID of the VRRP group.
object-number: Indicates the number of the tracking object. The value ranges from 1 to 700.
decrementvalue:Indicatesthedecrementweightwhenthetrackingobjectisdown.Thedecrementvalueranges
from 1 to 255. The default value is 10.

Command

Interface configuration mode

Mode
Usage Guide

After VRRP Plus is enabled, no tracking object is configured by default. After the tracking object is configured, the
decrement value is 10 by default.
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Configuration Example



Enabling Load Balancing Within an IPv4 VRRP Group

Scenario

Configuration



Steps

Configurea tracking object respectively on Router Aand Router Btotrackthe status of the local
GigabitEthernet 0/14 interface.



Configure a VRRP group and enable VRRP Plus respectively on Router A and Router B. Configure the local IP
addresses so that Router A becomes a BVG (master) device, and Router B becomes a BVF (backup) device.



Configurethe weighted load balancing policy.Configure the weight tracking object, and set the decrement
value to 100.



Retaindefault configurations of theweight, upper and lower thresholds, redirection time,timeout, and
forwarding seizure of the backup group.



Set the default gateway addresses of Host 1 to Host 4 in the LAN to the virtual IP address of VRRP,that is,
192.168.12.1.

Router A

FSA#config
FSA(config)#track 1 interface GigabitEthernet0/14 line-protocol
FSA(config)#interface GigabitEthernet0/0
// ‘no switchport’ is used on the switch.
FSA(config-if-GigabitEthernet 0/0)#no switchport
FSA(config-if-GigabitEthernet 0/0)#ip address 192.168.12.3 255.255.255.0
FSA(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.12.1
FSA(config-if-GigabitEthernet 0/0)#vrrp 1 balance
FSA(config-if-GigabitEthernet 0/0)#vrrp 1 load-balancing weighted
FSA(config-if-GigabitEthernet 0/0)#vrrp 1 weighting track 1 decrement 100

Router B

FSB#config
FSB(config)#track 1 interface GigabitEthernet0/14 line-protocol
FSB(config)#interface GigabitEthernet0/0
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FSB(config-if-GigabitEthernet 0/0)#no switchport
FSB(config-if-GigabitEthernet 0/0)#ip address 192.168.12.2 255.255.255.0
FSB(config-if-GigabitEthernet 0/0)#vrrp 1 ip 192.168.12.1
FSB(config-if-GigabitEthernet 0/0)#vrrp 1 balance
FSB(config-if-GigabitEthernet 0/0)#vrrp 1 load-balancing weighted
FSB(config-if-GigabitEthernet 0/0)#vrrp 1 weighting track 1 decrement 100

Verification

Run the show vrrp balance command to display the configuration of theVRRP Plus group. If the backup group has
thepacketforwardingtasks,"local"isdisplayedintheforwarderscolumn,andthevirtualMACaddressallocatedto
this backup group is also displayed.

Router A

FSA# show vrrp balance interface GigabitEthernet0/0
State is BVG
Virtual IP address is 192.168.12.1
Hello time 1 sec, hold time 3 sec
Load balancing:weighted
Redirect time 300 sec, forwarder time-out 14400 sec
Weighting 100 (configured 100), thresholds: lower 1, upper 100
Track object 1, state: up, decrement weight: 100
There are 2 forwarders
Forwarder 1 (local)
MAC address:
0000.5e00.0101
Owner ID is 0000.0001.0006
Preemption disabled (BVG cannot be preempted)
Forwarder 2
MAC address:
001a.a916.0201
Owner ID is 00d0.f822.33a3
Preemption enabled

Router B

FSB# show vrrp balance interface GigabitEthernet0/0
State is BVF
Virtual IP address is 192.168.12.1
Hello time 1 sec, hold time 3 sec
Load balancing: weighted
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Redirect time 300 sec, forwarder time-out 14400 sec
Weighting 100 (configured 100), thresholds: lower 1, upper 100
Track object 1, state: up, decrement weight: 100
There are 2 forwarders
Forwarder 1
MAC address:
0000.5e00.0101
Owner ID is 0000.0001.0006
Preemption disabled (BVG cannot be preempted)
Forwarder 2 (local)
MAC address:
001a.a916.0201
Owner ID is 00d0.f822.33a3
Preemption enabled



Enabling Load Balancing Within an IPv6 VRRP Group

Scenario
Figure 5-5

Configuration



Configure an IPv6 VRRP group and enable IPv6 VRRP Plus respectively on Router A and Router B. Configure the
prioritiessothat Router Abecomes aBVG (master)device,and RouterB becomes aBVF(backup) device.

Steps



Configure the weighted load balancing policy for the IPv6 VRRP Plus backup group.



Retaindefault configurations of theweight, upper and lower thresholds, redirection time,timeout, and
forwarding seizure of the backup group.


Router A

Set the default gateway addresses of Host 1 to Host 4 in the LAN to 2000::8.

RouterA#config
RouterA(config)#interface GigabitEthernet0/0
// ‘no switchport’ is used on the switch.
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RouterA(config-if-GigabitEthernet 0/0)#no switchport
RouterA(config-if-GigabitEthernet 0/0)#ipv6 address 2000::6/64
RouterA(config-if-GigabitEthernet 0/0)#vrrp 1 ipv6 fe80::8
RouterA(config-if-GigabitEthernet 0/0)#vrrp 1 ipv62000::8
RouterA(config-if-GigabitEthernet 0/0)#vrrp ipv6 1 priority 120
RouterA(config-if-GigabitEthernet 0/0)#vrrp ipv6 1 load-balancing weighted
RouterA(config-if-GigabitEthernet 0/0)#vrrp ipv6 1 balance
Router B

RouterB#config
RouterB(config)#interface GigabitEthernet0/0
RouterB(config-if-GigabitEthernet 0/0)#no switchport
RouterB(config-if-GigabitEthernet 0/0)# ipv6 address 2000::7/64
RouterB(config-if-GigabitEthernet 0/0)#vrrp 1 ipv6fe80::8
RouterB(config-if-GigabitEthernet 0/0)#vrrp 1 ipv62000::8
RouterB(config-if-GigabitEthernet 0/0)#vrrp ipv6 1 load-balancing weighted
RouterB(config-if-GigabitEthernet 0/0)#vrrp ipv6 1 balance

Verification

Run theshow ipv6vrrpbalance commandtodisplay theconfiguration of theVRRP Plus group. If thebackup group
has the packet forwarding tasks, "local" is displayed in the forwarders column, and the virtual MAC address allocated
to this backup group is also displayed.

Router A

RouterA# show ipv6 vrrp balance interface GigabitEthernet0/0
GigabitEthernet 0/0 - Group 1
State is BVG
Virtual IPv6 address is as follows:
FE80::8
2000::8
Hello time 1 sec, hold time3 sec
Load balancing:weighted
Redirect time 300 sec, forwarder time-out 14400 sec
Weighting 100 (configured 100), thresholds: lower 1, upper 100
There are 2 forwarders
Forwarder 1 (local)
MAC address:
0000.5e00.0201
Owner ID is 00d0.f8fb.96f3
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Preemption disabled (BVG cannot be preempted)
Forwarder 2
MAC address:
1414.4b72.7701
Owner ID is 00d0.f8fb.6c42
Preemption enabled
Router B

RouterB# show ipv6 vrrp balance interface GigabitEthernet0/0
GigabitEthernet 0/0 - Group 1
State is BVF
Virtual IPv6 address is as follows:
FE80::8
2000::8
Hello time 1 sec, hold time3 sec
Load balancing:weighted
Redirect time 300 sec, forwarder time-out 14400 sec
Weighting 150 (configured 150), thresholds: lower 1, upper 100
There are 2 forwarders
Forwarder 1
MAC address:
0000.5e00.0201
Owner ID is 00d0.f8fb.96f3
Preemption disabled (BVG cannot be preempted)
Forwarder 2 (local)
MAC address:
1414.4b72.7701
Owner ID is 00d0.f8fb.6c42
Preemption enabled

Common Errors



VRRP Plus does not take effect because the VRRP virtual IP address is not configured for the related group.

5.5 Monitoring
Displaying
Description
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Displays the brief or detailed

show [ ipv6 ] vrrp balance

configuration of VRRP Plus.
Displays the actions of the VRRP Plus
group on a specified interface.

show [ ipv6 ]vrrp balance interface

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the VRRP Plus function.

debug[ ipv6 ] vrrp balance

Debugs errors.

debug[ ipv6 ] vrrp balance error

Debugs events of the VRRP Plus group.

debug [ ipv6 ]vrrp balance event

DebugsthemessagesbetweentheVRRPmodule

debug[ ipv6 ] vrrp balance messages

and the track module.
Debugs the VRRP Plus packets.

debug[ ipv6 ]vrrp balance packets

Debugs the VRRP Plus group status.

debug [ ipv6 ] vrrp balance state

Debugs the timers of the VRRP Plus group.

debug vrrp balance timer

6 Configuring BFD
6.1 Overview
Communication failures will interrupt networking and thus affect services.Therefore, it is essential to
rapidly locate communication failures on links with adjacent devices to ensure a timely action and
serviceavailability. Bidirectional Forwarding Detection (BFD) providesa method of rapidly detecting
connectivity of the forwarding path between two adjacent routers in an underloaded way. It can quickly
spot faults on the bidirectional forwarding path between two routers for upper-layer protocols such as
routingprotocols and Multi-Protocol Label Switching (MPLS).As a result,a standby forwardingpath is
adopted to maintain the performance of the existing network.
Protocols and Standards



draft-ietf-bfd-base-09: Bidirectional Forwarding Detection



draft-ietf-bfd-generic-05: Generic Application of BFD



draft-ietf-bfd-mib-06: Bidirectional Forwarding Detection Management Information Base



draft-ietf-bfd-v4v6-1hop-09: BFD for IPv4 and IPv6 (Single Hop)



draft-ietf-bfd-multihop-07: BFD for IPv4 and IPv6 (Multi-hop)



draft-ietf-bfd-mpls-07: BFD For MPLS LSPs

Currently, draft-ietf-bfd-mib-06 and draft-ietf-bfd-multihop-07 are not supported.

6.2 Applications
Application

Description

BFD Support for OSPF

OSPF utilizes BFD to rapidly detect the neighbor status.
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BFD Support for Static Routing

Static routing utilizes BFD to rapidly detect the next-hop reachability of a route.

6.2.1 BFDSupport for OSPF

Scenario
The Open Shortest Path First (OSPF) protocol dynamically discovers a neighbor by using hello packets.
After BFD is enabled, a BFD session is established with the neighbor in the full adjacency to detect the
neighbor status.When theneighbor fails, OSFP immediately performs network convergence. The
convergence time can be shortened from 120 seconds (by default, on a non-broadcast network, OSPF
hello packets are transmitted at an interval of 30 seconds and the neighbor failure time is four times the
interval, that is, 120 seconds) to 1 second.
Usethefollowingfigureasanexample.RouterAandRouterBareconnectedthroughaLayer-2switch,
OSPF is configured on the routers to establish routes, and BFD support for OSPF is enabled on the
interfaces of Router A and Router B. When the link between Router B and the Layer-2 switch
malfunctions, BFD can rapidly detect the fault and advertise it to OSPF, so as to trigger fast OSPF
convergence.
Figure 6-1

Remarks

A and B are routers.
Switch is a Layer-2 switch.
A and B are connected through the Layer-2 switch.

Deployment



Configure IP addresses for interconnected interfaces of Router A and Router B.



Run OSPF on Router A and Router B.



Set BFD parameters on interconnected interfaces of Router A and Router B.



Enable BFD support for OSPF on Router A and Router B.

6.2.2 BFD Support for Static Routing

Scenario
BFD support for static routing prevents routers from selecting a faulty static route as the forwarding
path and enables rapid routing failover by using an available backup forwarding path.
Different from dynamic routing protocols, static routing does not have the neighbor discovery (ND)
mechanism.WhenBFD support for static routing isconfigured, the next-hop reachability of a static
routerelieson the BFD session status. Ifa BFDsession fails, the next hop of a staticroute is thought
unreachable and will not be added to the routing information base (RIB).
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Usethefollowingfigureasanexample.RouterAandRouterBareconnectedthroughaLayer-2switch,
static routing is configured on the routers to establish forwarding paths, and BFD support for static
routing is enabled on the interfacesof Router A and Router B. When the link between Router B and the
Layer-2switch malfunctions, BFD can rapidly detect the fault and advertise it to static routing, so as to
trigger the system to delete the static route from the RIB, thereby preventing routing errors.
Figure 6-2

Remarks

A and B are routers.
Switch is a Layer-2 switch.
A and B are connected through the Layer-2 switch.

Deployment



Configure IP addresses for interconnected interfaces of Router A and Router B.



Configure static routing on Router A and Router B.



Set BFD parameters for interconnected interfaces of Router A and Router B.



Enable BFD support for static routing on Router A and Router B.

6.3 Features
Basic Concepts



Packet Format
Detection packets transmitted by BFD are User Datagram Protocol (UDP) packets, which are classified
intocontrolpackets and echo packets. Echo packetsconcern only thelocal systemof aBFD session.
Therefore, their formats are not specified. BFD specifies the format of only control packets. Currently,
therearetwo versions(version 0and version 1) for the formatof controlpackets.Version1 isadopted by
defaultforestablishingaBFDsession.Ifadevicereceivespacketsofversion0fromthepeersystem,the
device automatically switches to version 0.
Figure 6-3
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Field

Description

Vers

Indicates the BFD protocol version number, which is 1 currently.
Indicates the cause for the local system's last change in session state, including:
0 -- No Diagnostic.
1 -- Control Detection Time Expired
2 -- Echo Function Failed

Diag

3 -- Neighbor Signaled Session Down
4 -- Forwarding Plane Reset
5 --Path Down
6 -- Concatenated Path Down
7--Administratively Down
Indicates the BFD local session state, including:
0 -- AdminDown.

Sta

1 -- Down.
2 -- Init.
3 -- Up.

P
F

Indicates that the transmitter in a BFD session adds this bit in a verification request upon parameter
changes, waiting for the peer response.
Indicates the bit that must be set in the response packet for responding to the P bit.
Indicates the control plane independent. If set, changes of the control plane do not affect BFD

C

detection. For example, if the control plane is OSPF, when OSPF is restarted or experiences graceful
restart (GR), BFD can continue to detect the link status.

A

Indicates the authentication present. If set, a session is to be authenticated.

D

Indicates the demand request. If set, the transmitter desires to detect links in Demand mode.

M

Indicates the multipoint bit to be used in point-to-multipoint extensions. It must be set to 0currently.

Detect Mult

Indicates the detection timeout multiplier. It is used by the detector to calculate the detection timeout
time.

Length

Indicates the packet length.

My Discriminator

Indicates the discriminator of the local end connected by a BFD session.

Your Discriminator

Indicates the discriminator of the remote end connected by a BFD session.

Desired Min Tx Interval

Indicates the minimum interval of transmitting BFD packets supported by the local end.

Required Min RX Interval

Indicates the minimum interval of receiving BFD packets supported by the local end.

Required Min Echo RX

Indicates the minimum interval of receiving echo packets supported by the local end. It is set to 0 if the
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Field

Description

Interval

local end does not support the echo function.
(Optional) Indicates the authentication type, including:
Simple Password
Keyed MD5

Auth Type

Meticulous Keyed MD5
Keyed SHA1
Meticulous Keyed SHA1

Auth Length

Indicates the authentication data length.

Authentication Data

Indicates the authentication data area.



Session Status
A BFD session can be in any of the four basic states: Down, Init, Up, and AdminDown.

67.

Down: Indicates that a session is in the Down state or is established just now.

68.

Init: Indicates that the local system has communicated with the peer system and desires to bring the session to the Up state.

69.

Up: Indicates that a session has been negotiated successfully.

70.

AdminDown: Indicates that a session is in the AdminDown state.
BFD migrates the state machine based on the local session state and received BFD packets from the
peer end.
A BFD state machine is established and torn down using a three-way handshake mechanism, to ensure
that both ends know the status change.



Transmission Interval and Detection Time
Both ends negotiate BFD parameters during the establishment of a BFD session, to determine the
transmission interval and detection time.
After a BFD session is established, both ends can dynamically negotiate BFD parameters (for example,
minimumtransmission interval and minimumreceiving interval). After protocols at both ends transmit
relevant negotiation packets, they adopt the new transmission interval and detection time, without
affecting the current state of the session.

Overview
Feature

Description

BFD Session Establishment

Establishes a BFD session.

BFD Session Detection

Rapidly detects a bidirectional forwarding path.

BFD Support for Applications

Rapidly advertises the BFD detection result.

BFD Protection

Protects BFD from attacks for stability.

BFD Flapping Dampening

Protects stability of associated applications in the case of line instability.

6.3.1 BFD Session Establishment

BFD detection starts from the establishment of a BFD session.
Working Principle

www.fs.com

2164

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Session Establishment Process
BFDitselfisunable todiscover neighbors. Itneeds an upper-layer protocol tospecifyaneighbor to
establish a session.
Asshowninthefollowingfigure,tworoutersrunningOSPFand BFDareconnectedthroughaLayer-2
switch.
Figure 6-4

BFD session establishment process:
71.

OSPF discovers a neighbor and establishes a connection with the neighbor.

72.

OSPF instructs BFD to establish a session with the neighbor.

73.

BFD establishes a session with the neighbor.



BFD Session Establishment Mode
The BFD protocol specifies that a BFD session can be established in two modes:



Active mode
Before the establishment of a session, BFD actively transmits a control packet for establishing a BFD session regardless of
whether it receives a control packet for establishing a BFD session from the peer end.



Passive mode
BFDdoesnotactivelytransmitacontrolpacketforestablishingaBFDsessionbeforeasessionisestablishedbutwaittillit
receives a control packet for establishing a BFD session from the peer end.
The passive mode is not supported currently.



Negotiation of BFD Session Parameters
Both ends negotiate BFD session parameters during the establishment of a BFD session, to determine
the transmission interval and detection time. Pay attention to the following points:

74.

BFD session parameters (including Desired Min Tx Interval, Required Min RX Interval, and Detect Mult) must be set for
interfaces at both ends. Otherwise, a BFD session cannot be established.

75.

Interfaces at both ends negotiate BFD session parameters and detect the session based on the parameters during the
establishment of a BFD session.

76.

After a BFD session is established, both ends can dynamically negotiate BFD parameters (for example, minimum transmission
interval and minimum receiving interval). After protocols at both ends transmit relevant negotiation packets, they adopt the
new transmission interval and detection time, without affecting the current state of the session.
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6.3.2 BFD Session Detection

LinkdetectionstartsaftertheestablishmentofaBFDsession.BFDperiodicallytransmitsBFDcontrol
packets. If it fails to receive BFD packets from the peer end within the detection time, it deems that the
session is Down and notifies the associated application to accelerate the convergence.
Working Principle



Detection Process
Asshowninthefollowingfigure,tworoutersrunningOSPFand BFDareconnectedthroughaLayer-2
switch.
Figure 6-5

Handling procedure after a BFD session is Down:
77.

The link between Router A and Switch fails.

78.

The BFD session between Router A and Router B is Down.

79.

BFD notifies the local OSPF that the forwarding path to the neighbor is faulty.

80.

OSPF processes the neighbor Down situation. If a backup forwarding path is available, it starts protocol convergence to enable
the alternative forwarding path.



Detection Mode
BFD supports the following detection modes:



Asynchronous mode
In asynchronous mode, systems transmit BFD control packets periodically to each other. If a system fails
to receive BFD control packets from the peer end within the detection time, it advertises that the
session is Down.



Query mode
In query mode, it is assumed that each system has an independent method for confirming its
connectionwithothersystems.AfteraBFD sessionisestablished, thesystemstopstransmittingBFD
controlpacketsunlessitneedstoexplicitlyverifytheconnectivity.Insuchacase,thesystemtransmitsa
shot-sequence BFD control packet. If a system fails to receive a returned packet within the detection
time, it advertises that the session is Down. If it receives a response from the peer end, the forwarding
path is reachable.



Echo mode
In echo mode, the local system periodically transmits BFD echo packets and a remote system receives
and loops back the packets through the forwarding path. If the local system fails to receive several

www.fs.com

2166

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

consecutive echo packets within the detection time, it advertises that the session is Down. The echo
function can be used together the preceding two detection modes. The echo packet detection function
does not require the involvement of the control plane of the remote system. Packets are returned by the
forwarding plane of the remote system, which reduces the delay and ensures faster fault detection in
comparison with transmission of control packets.The enabling of the echo function in asynchronous
modecangreatly reducetransmissionof controlpacketsbecause thedetectionisaccomplishedby the
echo function. The enabling of the echo function in query mode can thoroughly cancel transmission of
controlpackets afterasession isestablished.The echofunctionmust be enabled atboth endsof aBFD
session. Otherwise, the echo function does not take effect.
The query mode isnot supported and cannot beconfigured at present.
Only BFD session version 1 supports the BFD echo mode.
The echo mode is not supported for an IPv6 BFD session with the link-local address as the source or destination address.
6.3.3 BFD Support for Applications

ByBFDsupport, theassociatedapplications canutilizethefastfaultdetectionof BFDtoimprovethe
protocol convergence performance. In general, the fault detection timecan be shortened within 1
second.
Working Principle
After BFD support for a certain application is enabled, a BFD session is established based on the BFD
configuration. When a link fault occurs, BFD can rapidly identify the fault and notify the associated
applicationtoprocess,thereby improvingitsconvergence.Currently,BFDsupportsthefollowing
applications:



BFD support for RIP
AfterBFDsupportfortheRoutingInformationProtocol(RIP)isenabled,RIPcanutilizetheBFDfaultdetection,whichisfaster
than the ND mechanismof RIP,to improve the protocol convergence. In general, the fault detection time can be shortened
within 1 second.
For more details about BFD support for RIP, see Configuring RIP.



BFD support forOSPF
After BFD support for OSPF is enabled, OSPF can utilize the BFD fault detection, which is faster than the ND mechanism of OSPF,
to improve the protocol convergence. In general, the fault detection time can be shortened within 1 second.
For more details about BFD support for OSPF, see Configuring OSPF.



BFD support forOSPFv3
After BFD support for OSPFv3 is enabled, OSPFv3 can utilize the BFD fault detection, which is faster than the ND mechanism of
OSPFv3, to improve the protocol convergence. In general, the fault detection time can be shortened within 1 second.
For more details about BFD support for OSPFv3, see Configuring OSPFv3.



BFD support forBGP
After BFD support for the Border Gateway Protocol (BGP) is enabled, BGP can utilize the BFD fault detection, which is faster than
the ND mechanism of BGP,to improve the protocol convergence. In general, the fault detection time can be shortened within 1
second.
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For more details about BFD support for BGP, see Configuring BGP.



BFD support forIS-IS
The Intermediate System to Intermediate System (IS-IS) protocol dynamically discovers a neighbor by using hello packets. After
BFDisenabled,IS-ISusesBFDtoestablishaBFDsessionwithaneighborthatisintheUpstateanddetecttheneighborstatus.
When a BFD neighbor fails, IS-IS immediately performs network convergence. The convergence time can be shortened from 30
seconds (by default, on a point-to-point network, IS-IS hello packets are transmitted at an interval of 10 seconds and the
neighbor failure time is triple the interval, that is, 30 seconds) to 1 second.
For more details about BFD support for IS-IS, see Configuring IS-IS.



BFD support for static routing
AfterBFDsupportforstaticroutingisenabled,BFDpreventsroutersfromselectinganunavailablestaticrouteastheforwarding
path during routing and enables routers to rapidly switch to an available backup forwarding path.
Different fromdynamic routing protocols, static routing does not have the ND mechanism.Therefore, after BFD support for
staticroutingisconfigured,thenext-hopreachabilityofastaticroutereliesontheBFDsessionstate.IfaBFDsessiondetectsa
fault, the next hop of a static route is unreachable and the static route is not added to the RIB.
If the remote system deletes a BFD session during the establishment of a BFD session, the BFD session becomes Down. In this
case, the system ensures that the forwarding behavior of static routing is not affected.
For more details about BFD support for static routing, see Configuring NSM.



BFD support forPBR
AfterBFDsupportforPBRisconfigured,BFDpreventsroutersfromselectinganunavailablepolicyrouteastheforwardingpath
during routing and enables routers to rapidly switch to an available backup forwarding path.
BFD support for PBR is equivalent to that for static routing. BFD tracks and detects the forwarding path to a specified neighbor.
WhenaBFDsessionfails, BFDnotifiesthePBRthat thenext hop isunreachable.Then,the policyroutetothe next hop doesnot
take effect.
If the remote system deletes a BFD session during the establishment of a BFD session, the BFD session becomes Down. In this
case, the system ensures that the PBR forwarding behavior is not affected.
For more details about BFD support for PBR, see Configuring PBR.



BFD support for VRRP
The BFD support for the Virtual Router Redundancy Protocol (VRRP) can replace the ND mechanism of VRRP to rapidly detect
therunning statusof theactiveand standby routers.Whenafault occurs,itaccelerates theactive/standbyrouter switchingand
improves network performance. In general, the fault detection time can be shortened within 1 second.
VRRP canalso utilize BFD totracka specified neighbor.If the forwarding path totheneighbor fails during a BFD session, it
automaticallylowerstheVRRPprioritytoacertainextenttotriggeractive/standbyrouter switching.Thisconfigurationtakes
effect only when the dynamic routing protocol or other applications notify BFD to establish a session with a neighbor.
For more details about BFD support for VRRP, see Configuring VRRP.



BFD support for VRRP Plus
The BFD support for VRRP Plus can replace the BVF detection conducted by the balancing virtual gateway (BVG) of VRRP Plus to
rapidlydetect the running statusof balancing virtual functions (BVFs).Whena faultoccurs,itaccelerates theforwarding entity
switching and improves network performance. In general, the fault detection time can be shortened within 1 second.
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VRRP Plus is based on the VRRP protocol. Therefore, no additional configuration is required for BFD support and only VRRP
needs to be enabled on devices at both ends and a BFD session is correctly associated.
For more details about BFD support for VRRP Plus, see Configuring VRRP Plus.



BFD support forMPLS
The BFD support for Multiple protocol Label Switching (MPLS) refers that label switched paths (LSPs) use BFD to rapidly detect
the neighbor status. The following detection modes are supported:

1.

BFD detects static LSPs.

2.

BFD detects LSPs generated by the Label Distribution Protocol (LDP).

3.

BFD can detect reverse links of LSPs by using the IP protocols.
For more details about BFD support for MPLS, see Configuring MPLS.



BFD support for Layer-3 interfaces
BFD supports changing status of Layer-3 interfaces. In interface configuration mode, use the bfd bind peer-ip command to
detect thedirect addressof aspecifiedLayer-3interface.After thisCLI command isexecuted, aBFDsessioniscreatedand the
statusofaLayer-3interfacecanbechangedbasedonthedetectionresultoftheBFDsession,forexample,BFDDownorBFDUp.
Thisfunction is often usedin various types of fastreroute (FRR), which usesBFD to detect the interfacestatus toimplement fast
FRR switching.
Only LDP FRR switching is supported in BFD support for Layer-3 interfaces.



BFD support for L3AP member ports
After BFD support for Layer-3 access point (L3AP) member ports is enabled, BFD can rapidly detect a fault occurring on a
member port link so that traffic on this link is rapidly distributed to other effective member links. In general, the fault detection
time can be shortened within 1 second.
For more details about BFD support for L3AP member ports, see Configuring AP.

6.3.4 BFD Protection

The BFD protection is used to protect BFD against session flapping caused by attacks (for example, a
large number of ping packets attack devices).
Working Principle
The BFD protocol is very sensitive. If a BFD-enabled device is attacked (for example, attacked by a large
number of ping packets) and BFD sessions flap, the BFD protection can be configured to provide
protection.IfbothBFDandBFDprotectionareenabledonadevice,thedevicediscardstheBFDpacket
fromtheprevious hop, affecting theestablishment of aBFD sessionbetween theprevious-hop device
and other devices.
6.3.5 BFD Flapping Dampening

A BFD session may frequently switchover between Down and Up due to link instability. As a result,an
associatedapplication(suchas staticrouting) mayfrequentlyswitchforwardingpathsandtherunning
services are affected. The BFD flapping dampening can solve this problem.
Working Principle
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ABFD session may frequently switchover between Down and Up.This function allows usersto set the
delayforstatuschangeadvertisement.AfteraBFDsessionisUpforacertainperiodoftime,BFDnotifies
anassociatedapplicationofBFDUp.Otherwise,BFDnotifiesanassociatedapplicationofBFDDown.

6.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to establish a BFD session.
bfd interval

Sets BFD parameters.
Configures the BFD support for applications.
The configuration command varies withthe

N/A

associated applications. For details, see their

Configuring BFD Basic

configuration guides.

Functions

(Optional)Itisusedtoconfigure theBFDdetectionmode,slowtimer,and BDF support
forLayer-3 interfaces.
bfd echo

Configures the BFD echo mode.

bfd slow-timer

Configures the BFD slow timer.

bfd bind peer-ip

Configures the BFD support for Layer-3 interfaces.

(Optional) It is used to protect BFD against attacks.

Configuring BFD Protection

bfd cpp
Configuring BFD Flapping
Dampening

Enables BFD protection.

(Optional) It is used to protect associated protocols against BFD flapping.
bfd up-dampening

Configures BFD flapping dampening.

6.4.1 Configuring BFD Basic Functions

Configuration Effect



Configure BFD support for applications.



Establish a BFD session.



A BFD session detects link faults.

Notes



Pay attention to the following points when setting BFD session parameters:

1.

Itisrecommended that parametersettings be consistent at both ends of aBFD session, toensurethat application protocols
associatedwithBFDtakeeffectsimultaneouslyand prevent occurrence ofone-way forwarding due todifferent dampening
time at both ends.

2.

Take into account of transmission bandwidth differences of different interfaces when setting parameters. If the minimum
transmissioninterval andminimumreceivinginterval aresettovery smallvalues,datatransmissionmaybeaffectedduetovery
large BFD bandwidth occupancy.



Pay attention to the following points when configuring BFD support for applications:
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1.

Ensure that it is enabled on neighbors of a BFD session. Otherwise, a BFD session cannot be established. If a dynamic routing
protocol or another application requires BFD to establish a session with a neighbor, the BFD session can also be established.

2.

IftheinterfacespecifiedbyaBFDsessionisdifferentfromthe actual BFDpacketoutbound interfacebecauseof IProuting, or if
theinterfacespecifiedduring BFD sessioncreation isdifferent fromtheactual BFD packetinbound interface,aBFD session
cannot be established.



Pay attention to the following points when configuring the BFD detection mode:

1.

In the process that the forwarding plane of the peer device returns echo packets transmitted by the local end to the local end,
theechopacketsmaybe lostdue to congestionof the peer device, causing asessiondetection failure.In this case,configure
Quality of Service (QoS) policies to ensure that echo packets are processed preferentially or disable the echo function.

2.

The echo detection function of BFD does not support multi-hop detection. Ensure that the echo function is disabled when
configuring multi-hops.

3.

The echo mode takes effect only after this mode is enabled at both ends of a BFD session.

4.

Before enabling the echo mode of BFD, run the no ip redirects command on the neighbors of a BFD session to disable the
functionof ICMPpacketredirection, and runthe noipdeny landcommandtodisablethe Distributed Denial ofService(DDoS)
function (prevent the Land-based attack).

Configuration Steps



Setting BFD Parameters



Mandatory.



BFD parameters need to be set at BFD session egresses of routers at both ends detected by BFD if no special requirements are
raised.



Take into account of transmission bandwidth differences of different interfaces when setting parameters. If the minimum
transmissioninterval andminimumreceivinginterval aresettovery smallvalues,datatransmissionmaybeaffectedduetovery
large BFD bandwidth occupancy.

Command

bfd interval milliseconds min_rx milliseconds multiplier interval-multiplier

Parameter

interval milliseconds: Indicates the minimum TX interval, with the unit of milliseconds.

Description

min_rx milliseconds: Indicates the minimum RX interval, with the unit of milliseconds.
multiplier interval-multiplier: Indicates the detection timeout multiplier.

Defaults

No BFD session parameter is configured.

Command

Interface configuration mode

Mode
Usage Guide

The fast forwarding function must be enabled before the BFD function is enabled on routers.



Enabling the BFD Echo Mode



(Optional)Portsrunin asynchronous mode bydefault.Ifa BFDsession needstoruninecho mode,the echo modeneeds tobe
configured.



Complete the configuration on ports of switches or routers.



Asessionruns inasynchronous mode as long as either of routers at both ends isconfigured torun inasynchronous mode. If
routers at both ends are configured to run in echo mode by default, a BFD session finally runs in echo mode.

Command
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Parameter

N/A

Description
Defaults

The BFD echo mode is disabled.

Command

Interface configuration mode

Mode
Usage Guide

This command cannot be configured on AP interfaces.
By default, when BFD session parameters are set, the system automatically enables the echo mode.
TheminimumTXintervalandminimumRXintervalofechopacketsadopttheIntervalmillisecondsand min_rx
milliseconds parameters of a session.
Before enabling the echo mode of BFD, run the no ip redirects command on the neighbors of a BFD session to
disable the function of ICMP packet redirection, and run the no ip deny land command to disable the Distributed
Denial of Service (DDoS) function (prevent the Land-based attack).



Configuring the BFD Slow Timer



(Optional) The default slow timer is 3,000 milliseconds. The value can be changed as required.



Configure this function in global configuration mode of switches or routers.



In BFD echo mode or session building, the slow timer is used tocontrol packets. If the value increases, the required timefor
negotiatingandestablishingaBFDsessionbecomeslonger,andthetimerequiredfortransmittingslowBFDpacketsinecho
mode is longer.

Command

bfd slow-timer [ milliseconds ]

Parameter

milliseconds: Indicates the BFD slowtimer,with theunit of milliseconds.The value ranges from1,000 to 30,000 and

Description

the default value 3,000 is adopted if it is not set.

Defaults

The transmission interval of slow control packets is 3,000 milliseconds.

Command

Global configuration mode

Mode
Usage Guide

This command is used to specify the slow timer in echo mode.



Configuring the BFD Support for Layer-3 Interfaces



(Optional) Currently, this function is used only when MPLS LDP is used for FRR.



Configure this function on interfaces of switches or routers.

Command

bfd bind peer-ip src-address [source-ip dst-address] process-pst

Parameter

src-address: Indicates the peer IP address of an interface.

Description

dst-address: Indicates the local IP address of an interface.

Defaults

BFD support for Layer-3 interfaces is not configured by default.

Command

Interface configuration mode

Mode
Usage Guide

This command is used to enable BFD support for Layer-3 interfaces so as to rapidly detect connectivity of Layer-3
interfaces.



Configuring the BFD Support for Applications



Mandatory.
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This function is disabled by default.



The configuration command varies with the associated applications. For details, see their configuration guides.



This function must be configured at both ends so that a BFD session can be established.



InRIProutingconfigurationmode,runthebfdallinterfacescommandtoenableBFDsupport forRIPon allinterfaces.For
details, see Configuring RIP.



InOSPFroutingconfigurationmode,runthebfdallinterfacescommandtoenableBFDsupportforOSPFonallinterfaces.For
details, see Configuring OSPF.



In OSPFv3 routing configuration mode, run the bfd all interfaces command to enable BFD support for OSPFv3 on all interfaces.
For details, see Configuring OSPFv3.



In BGP routing configuration mode, run the neighbor address fall-over bfd command to enable BFD support for BGP. For
details, see Configuring BGP.



InIS-ISroutingconfigurationmode,runthebfdallinterfacescommandtoenableBFDsupportforIS-ISonallinterfaces.For
details, see Configuring IS-IS.



In global configuration mode, run the ip route static bfd [ vrf vrf-name ] interface-type interface-number gateway [ source
ip-address ] command to enable BFD support for static routing. For details, see Configuring NSM.



In global configuration mode, run the ipv6 route static bfd [ vrf vrf-name ] interface-type interface-number gateway [ source
ip-address ] command to enable BFD support for IPv6 static routing. For details, see Configuring NSM.



Run the set ip next-hop verify-availability next-hop-address bfd [ vrf vrf-name ] interface-type interface-number gateway
command to enable BFD support for PBR. For details, see Configuring PBR.



Run the set ipv6 next-hop verify-availability next-hop-address bfd [ vrf vrf-name ] interface-type interface-number gateway
command to enable BFD support for IPv6 PBR. For details, see Configuring PBR.



Run the vrrp bfd interface-type interface-number ip-address command to enable BFD support for VRRP.For details, see
Configuring VRRP.



VRRP Plus is based on the VRRP protocol. Therefore, no additional configuration is required for BFD support for VRRP Plus. Only
VRRP needs to be enabled on devices at both ends and a BFD session is correctly associated.

Verification



The verification command varies with the associated applications. For details, see their configuration guides.

Configuration Example



Configuring BFD support for OSPF

Scenario
Figure 6-6

Configuration



Configure IP addresses for interconnected interfaces of Router A and Router B.

Steps



Run OSPF on Router A and Router B.



Set BFD parameters for interconnected interfaces of Router A and Router B.
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A

Enable BFD support for OSPF on Router A and Router B.

A#configure terminal
A(config)#interface GigabitEthernet2/1
A(config-if-GigabitEthernet2/1)# no switchport

//The configuration is not required on routers.

A(config-if-GigabitEthernet2/1)#ip address 192.168.3.1 255.255.255.0
A(config-if-GigabitEthernet2/1)#bfd interval 200 min_rx 200 multiplier 5
A(config-if-GigabitEthernet2/1)# exit
A(config)#interface GigabitEthernet1/1
A(config-if-GigabitEthernet1/1)# no switchport

//The configuration is not required on routers.

A(config-if-GigabitEthernet1/1)#ip address 192.168.1.1 255.255.255.0
A(config-if-GigabitEthernet1/1)# exit
A(config)# router ospf 123
A(config-router)# log-adj-changes detail
A(config-router)# network 192.168.3.00.0.0.255 area 0
A(config-router)#network 192.168.1.00.0.0.255 area 0
A(config-router)# bfdall-interfaces
A(config-router)# end
B

B#configure terminal
B(config)#interface GigabitEthernet2/1
B(config-if-GigabitEthernet2/1)# no switchport

//The configuration is not required on routers.

B(config-if-GigabitEthernet2/1)#ip address 192.168.3.2 255.255.255.0
B(config-if-GigabitEthernet2/1)#bfd interval 200 min_rx 200 multiplier 5
B(config-if-GigabitEthernet2/1)# exit
B(config)#interface GigabitEthernet1/1
B(config-if-GigabitEthernet1/1)# no switchport

//The configuration is not required on routers.

B(config-if-GigabitEthernet1/1)#ip address 192.168.2.1 255.255.255.0
B(config-if-GigabitEthernet1/1)# exit
B(config)# router ospf 123
B(config-router)# log-adj-changes detail
B(config-router)# network 192.168.3.00.0.0.255 area 0
B(config-router)# network 192.168.2.00.0.0.255 area 0
B(config-router)# bfd all-interfaces
B(config-router)# end
Verification
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A

A# show bfd neighbors details
OurAddr

NeighAddr

LD/RD

RH/RS

Holdown(mult) State

192.168.3.1

192.168.3.2

1/2

Up

532 (3 )

Int
Up

Ge2/1

Local Diag: 0, Demand mode: 0, Poll bit: 0
MinTxInt: 200000, MinRxInt: 200000, Multiplier: 5
Received MinRxInt: 50000, Received Multiplier: 3
Holdown (hits): 600(22), Hello (hits): 200(84453)
Rx Count: 49824, Rx Interval (ms) min/max/avg: 208/440/332
Tx Count: 84488, Tx Interval (ms) min/max/avg: 152/248/196
Registered protocols: OSPF
Uptime: 02:18:49
Last packet: Version: 1 - Diagnostic: 0
I Hear Youbit: 1

- Demand bit: 0

Poll bit: 0

- Final bit: 0

Multiplier: 3

- Length: 24

MyDiscr.: 2

- Your Discr.: 1

Min tx interval: 50000

- Min rx interval: 50000

Min Echo interval: 0
B

B# show bfd neighbors details
OurAddr

NeighAddr

192.168.3.2 192.168.3.1 2/1

LD/RD

RH/RS

Up

532 (5)

Holdown(mult) State
Up

Int
Ge2/1

Local Diag: 0, Demand mode: 0, Poll bit: 0
MinTxInt: 50000, MinRxInt: 50000, Multiplier: 3
Received MinRxInt: 200000, Received Multiplier: 5
Holdown (hits): 600(22), Hello (hits): 200(84453)
Rx Count: 49824, Rx Interval (ms) min/max/avg: 209/440/332 last: 66 ms ago
Tx Count: 84488, Tx Interval (ms) min/max/avg: 153/249/197 last: 190 ms ago
Registered protocols: OSPF
Uptime: 02:18:49
Last packet: Version: 1 - Diagnostic: 0
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Mintxinterval: 200000

-Min rxinterval: 200000

MinEchointerval:0
Common Errors



BFD parameters are not set for device interfaces at one end.



The BFD support for applications is disabled.



The BFD support for applications is enabled only at one end.

6.4.2 Configuring BFD Protection

Configuration Effect



If a BFD-enabled device is attacked (for example, attacked by a large number of ping packets) and BFD session flaps accordingly,
the BFD protection can be enabled to provide protection.

Notes



The BFD basic functions must be configured.



IfbothBFD and BFDprotectionareenabledona device, thedevicediscardstheBFDpacketfromtheprevious hop,affectingthe
establishment of a BFD session between the previous-hop device and other devices.



This function and limitations are applicable only to switches.

Configuration Steps



Enabling BFD Protection



Optional.



Configure this function in global configuration mode on switches or routers.



The BFD protection function raises the processing priority of BFD packets and ensures normal running of BFD services in a
scenario in which devices are attacked.

Command

bfd cpp

Parameter

N/A

Description
Defaults

The BFD protection function is enabled by default.

Command

Global configuration mode

Mode
Usage Guide

Enable the BFD protection function to provide protection if a device encounters BFD flapping due to attacks.

Verification
Run the show running-config command to verify the configuration on an interface.
Configuration Example



Enabling BFD Protection
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Configuration



Configure this function on a switch on a network where attacks exist.

Steps



Configure the BFD protection function.

FS#configure terminal
FS(config)# bfd cpp
FS(config)# end

Verification

N/A

6.4.3 Configuring BFD Flapping Dampening

Configuration Effect



ABFDsessionmayfrequentlyswitchoverbetweenDown andUp duetolinkinstability.Asaresult,arelevant application(such
as static routing) may frequently switch forwarding paths and the running services are affected.



Userscansetthedelayforstatuschangeadvertisement,afterwhichBFDnotifiesanassociatedapplicationofBFD Up.Aftera
BFD session is Up for a certain period of time, BFD notifies an associated application of BFD Up. Otherwise, BFD notifies it of BFD
Down. The purpose is to reduce flapping of associated protocols caused by instable links.

Notes



The BFD basic functions must be configured.



Ifa BFD sessiondoes not frequently switchover between Down and Up, theenabling of BFD flapping dampening will delay
notifying an associated application of BFD Up.

Configuration Steps



Configuring BFD Flapping Dampening



(Optional)TheBFDflappingdampeningisdisabledonportsbydefault.IfaBFDsessionfrequentlyswitchesoverbetween
Down and Up, it is advised to enable this function.



Configure this function on ports of switches or routers.



With BFD flapping dampening enabled, it is relieved that associated applications, such as route re-calculation, process
quantities of advertisements because of frequent status BFD change. The larger the configured time is, the longer the required
BFD stability time is. BFD notifies an application module of BFD Up only after the stability time reaches the configured time.

Command

bfd up-dampening[milliseconds]

Parameter

milliseconds:Indicatesthedelayforstatuschangeadvertisement,afterwhichBFDnotifiesanassociatedapplication

Description

ofBFDUp,withtheunitofmilliseconds.Thevalue rangesfrom0to300,000.Thevalue0indicatesthatBFDnotifies
the application layer immediately when a session switches over from Down to Up and the default value is 0.

Defaults

The BFD flapping dampening function is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

This function needs to be enabled only when the link is instable.
IfaBFD sessiondoesnot frequentlyswitchover betweenDown and Up, the enablingof BFD flappingdampening
will delay notifying an associated application of BFD Up.

Verification
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Run the show running-config command to verify the configuration on an interface.
Configuration Example



Configuring BFD Flapping Dampening with the Advertisement Delay as 60,000 Milliseconds

Configuration



Configure this function in an environment where BFD frequent flaps due to link instability.

Steps



Set the delay for status change advertisement to 60,000 milliseconds.

FS#configure terminal
FS(config)# interface fastEthernet 0/2
FS(config)# bfd up-dampening 60000
FS(config)# end

Verification

N/A

6.5 Monitoring
Displaying
Description

Command

Displays BFD session information.

showbfdneighbors [vrf vrf-name] [client{ap|bgp|ospf|rip|vrrp|static-route| pbr|
vrrp-balance | ldp-lsp | static-lsp | backward-lsp-with-ip | pst } ][ipv4 ip-address | ipv6
ip-address][ details]

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs BFD events.

debug bfd event[interface interface-type interface-number | ipv4ip-address | ipv6
ipv6-address]

Debugs BFD packets.

debug bfd packet[interface interface-type interface-number | ipv4ip-address | ipv6
ipv6-address]

7 Configuring IP Event Dampening
7.1 Overview
When the Layer-3 port on a Layer-3 device frequently goes Up and Down due to manual
enabling/disabling or other external causes, the routing table on the device will flap repeatedly. If a
routing protocol is configured, the protocol may propagate the flap to the entire network, causing
repeatedupdates and recalculation of neighboring routes,which wastesnetwork bandwidths and
destabilizes the network. Repeated route updates and recalculation on devices consume many CPU
resources, which affects the normal running of customer networks.
IPEventDampeningdetectsabnormalUp/Downflappingandautomaticallysuppressesfrequentport
statechanges,which prevents thepropagation of single-point link failures by arouting protocol.When
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theport isrestored,itwillbeautomaticallyunsuppressed, thusreducingnetworkflapsand CPU
resource consumption while improving network stability.
Protocols and Standards



RFC2439: BGP Route Flap Dampening
At its core, the suppression algorithm used by IP Event Dampening is the same as that used by BGP Route Flap Dampening.

7.2 Applications
Application

Description

Routed Port Flap Dampening

Monitors the state change of the Layer-3 port on a router, and suppresses frequent port flapping.

7.2.1 Routed Port FlapDampening

Scenario
In a network that runs a routing protocol, when a port on a router connected to another router
frequentlygoes Upand Down, neighboringroutes willbe repeatedlyupdated and recalculated. The
routing protocol may propagate the flap to the entire network, causing a network flap. IP Event
Dampening can be enabled on the connected routers to monitor port state changes and suppress
frequent port flapping, thus reducing network flapsand CPUresourceconsumption while improving
network stability.
Figure 7-1

Remarks

A and B are routers.

Deployment
Configure IP Event Dampening on portGE0/1 on Router A and portGE0/1 on Router B respectively.
The subinterfaces and the virtual templates of interfaces on routers do not support the dampening feature.

7.3 Features
Basic Concepts



Penalty
A port that goes Up or Down gets a penalty for each state change, but the penalty decays exponentially
when the port is stable. In this way, port behaviors can be sensed and controlled intelligently.
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Suppress Threshold
When the cumulative penalty of a port exceeds a suppress threshold, the port is consideredto flapand
will be suppressed.



Half-Life Period

The half-life period is the period required for the penalty to decrease to half of the original value when the port is stable. It defines the
speed at which thepenalty decaysexponentially.The shorter the half-life period, the faster the penaltydecays, and the faster the port
is detected to be stable, but the flap detection sensitivity is reduced.



Reuse Threshold

When the port no long flaps and its penalty decays to a certain degree (below the suppress threshold), the port is considered to be
stable and is unsuppressed.



Maximum Suppress Time
When a port keeps flapping and reaches a very large penalty, the port will not be usable for a long time.
Toavoid this problem, the maximum suppress timeis defined to always maintain the port suppression
duration below a certain value no matter how long the port has flapped.

Overview
Feature

Description

Port Flap Suppression

Configurethe criteria and parameters of flap suppression on ports toenable switchesto identifyand suppress
frequently flapping ports, which ensures route stability and avoids route flap propagation.

7.3.1 PortFlapSuppression

Working Principle
Aport configuredwithIPEvent Dampening isassigned apenalty.The port gets apenalty of1,000 each
time when it goes Down, but the penalty decreases with time. If the port goes Down again, the penalty
increasesaccordingly.Whenthe cumulativepenaltyexceeds the suppressthreshold, the port will be
suppressed.Fortheaffectedupper-layerprotocol,thesuppressedportisalwaysDownnomatterwhat
the actual port state is. When the penalty decreases to the reuse threshold, the port will be
unsuppressed, and the upper-layer protocol can sense the actual port state.
If a Layer-3 port is not configured with IP Event Dampening, or is not suppressed by it, the routing
protocol or other protocol concerned about the port status still work normally. When the port is
suppressed, the upper-layer protocol considersthe port tobe Down. Any statechange of the port
before the port is unsuppressed does not affect the routing table and the route calculation and
advertisement performed by the upper-layer routing protocol.
Related Configuration



Configuring IP Event Dampening



By default, IP Event Dampening is disabled on Layer-3 ports.



Run the dampening [ half-life-period [ reuse-threshold suppress-threshold max-suppress [ restart [ restart-penalty ] ] ] ] command
to enable or disable IP Event Dampening on Layer-3 ports.
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7.4 Configuration
Configuration

Description and Command
(Mandatory)It is used to suppress Layer-3 port flapping.

Enabling IP Event Dampening

dampening

Configures IP Event Dampening.

7.4.1 Enabling IP Event Dampening

Configuration Effect
When a port configured with IP Event Dampening keeps flapping until the predefined threshold is
exceeded, the port is set to Down.
Notes



When a Layer-3 port on a switch is converted to a Layer-2 port (for example, from a routed port to a switchport), the IP Event
Dampening configuration on the port will be deleted.

Configuration Steps



Configuring IP Event Dampening



Mandatory.



Perform the configuration in Layer-3 interface configuration mode.



Youcanspecifythehalf-lifeperiod,reusethreshold,suppressthreshold,maximumsuppresstime,andinitialpenalty.Ifyoudo
not set these parameters, their default values will be used.

Verification
Use any one of the following commands to check whether the configuration takes effect:



show running-config



show interfaces [ interface-id ] dampening, which is used to check the IP Event Dampening configuration on a specified port

Related Commands



Enabling IP Event Dampening on a Port

Command

dampening [ half-life-period [ reuse-threshold suppress-threshold max-suppress [ restart [ restart-penalty ] ] ] ]

Parameter

half-life-period: Indicates the half-life period. Value range: <1–30>; default value: 5s.

Description

reuse-threshold: Indicates the reuse threshold. Value range: <1–20,000>; default value: 1,000.
suppress-threshold: Indicates the suppress threshold. Value range: <1–20,000>; default value: 2,000.
max-suppress: Indicates the maximum suppress time. Value range: <1–255>; default value: four times the half-life
period.
restart restart-penalty: Indicates the initial penalty. Value range: <1–20,000>; default value: 2,000.

Command

Interface configuration mode

Mode
Usage Guide

IPEvent Dampening can affect direct routes, host routes, static routes, dynamic routes, and VRRP.When a port is
suppressed based on the configured criteria, the affected modules determine that the port is Down and therefore
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delete corresponding routes. No data packet will be transmitted through the port.
When the dampening command is rerun on a port configured with IP Event Dampening, the dampening
information on the port will be cleared, but the flap count is retained, unless you use the clear counters command to
clear the counters on the port.
Ifthemax-suppressparameterissettoaverysmallvalue,makingthemaximumpenaltysmallerthanthesuppress
threshold, the port will never be suppressed. When such a configuration error occurs, the following message
indicating a configuration failure will be printed:
% Maximum penalty (10) is less than suppress penalty (2000). Increase maximum suppress time
Ifthe available systemmemory isinsufficient torun thedampening command, the following message indicatinga
configuration failure will be printed:
% No memory, configure dampening fail!
Configuration Example



Configuring IP Event Dampening on Layer-3 Ports

Scenario
Figure 7-2

Configuration

EnableIPEventDampening on port GigabitEthernet 0/1on Router Aand onport GigabitEthernet0/1 onRouter B

Steps

respectively,andsethalf-time-periodto30s,reuse-thresholdto1,500,suppress-thresholdto10,000,and
max-suppress to 120s.

A

FS(config)#interface GigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#dampening 30 1500 10000 100

B

FS(config)#interface GigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)#dampening 30 1500 10000 100

Verification

Run the show interfaces dampening command to check the IP Event Dampening configuration on the
corresponding ports.
FS#show interfaces dampening
GigabitEthernet 0/1
Flaps Penalty Supp
0

0

FALSE

ReuseTmHalfL
0

30

ReuseV SuppV
1500

1000

MaxSTm MaxP
100

15119

Restart
0

Common Errors



The port on a Layer-3 switch is not converted to a routed port by using the no swithport command before IP Event Dampening
is configured.
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7.5 Monitoring
Clearing
Description

Command

Clears the interface counters.

clear counters

For details about the clear counter command, see the related chapter for the "Interface" command.
Displaying
Description

Command

Displays the counters on suppressed ports.

show dampening interface

Displays the IP Event Dampening

show interfaces dampening

configuration on ports.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Enables debugging of IP Event

debug dampening interface

Dampening.

8 Configuring VSU(Stacking)
8.1 Overview
In order to improve the reliability of networks, the two devices at core layer and convergencelayer of
traditionalnetworksareconfiguredwithtwocorestoprovideredundancy. Accessand convergence
devicesarerespectivelyconnected tothecoresthrough two links.The followingfigureshowsatypical
traditionalnetworkarchitecture.Redundantnetworkarchitectureincreasesthecomplexityofnetwork
design and operation. At the same time, a large number of redundant links reduce the utilization of
network resources and return on investment.
Figure 8-1 Traditional network architecture
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Virtual Switching Unit (VSU) or Stacking is a kind of network system virtualization technology that
supportscombining multipledevicesintoasinglevirtualizeddevice.As shown inFigure8-2, access,
convergence and core layer devices can respectively form VSUs, and then these VSUs connect to one
another to forman end-to-endVSU network. Compared withtraditional network, thisnetworking can:



Simplify the networktopology.



Reduce the costs of network management and maintenance.



Shorten application recovery time and service interruption time.



Enhance the utilization of network resources.
Figure 8-2 End-to-End VSU Networking
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8.2 Applications
Application

Description

Managing Multiple Devices in a Unified Uses multiple physical devices as a logical device for unified management.
Manner
Simplifying Networking Topology

Uses a VSU as a logical device to simplify the networking topology.

8.2.1 ManagingMultipleDevicesinaUnifiedManner

Scenario
When multiple physical devices form a VSU system, the physical devices can be viewed as a logical
device. All configurations are managed on the global master device.
Asshown inFigure8-3, four devices(numberedas 1,2, 3, and4 fromlefttoright) formaVSUsystem.
Device1 is the global master device, device 2 is the global slave device, and devices 3and 4 are the
global candidate devices.



All devices are configured simply on the global master device.
Figure 8-3

Remarks

ThedevicesfromlefttorightinFigure1-3areDevice1, Device2,Device3andDevice4.
For details on VSL, see the description in section 1.3.1.
Device1istheglobalmasterdevice.
Device 2 is the global slave device.
Devices 3 and 4 are the global candidate devices.

Deployment



The global master device controls the entire VSU system, runs control-plane protocols and is involved in data forwarding.



Theglobal slavedeviceisinvolvedindataforwarding, does not runcontrol-plane protocols,and worksasthebackupand takes
over the work of the global master device when faulty.



The global candidate devices are involved in data forwarding and do not run control-plane protocols. When the global slave
deviceisfaulty,a global candidatedevicecan takeover thework of theglobal slave device. Inthis case, when the global master
and slave devices are faulty, the VSU system will restart.

8.2.2 Simplifying Networking Topology

Scenario
In traditional networks as shown in Figure 8-4, redundant devices and lines need to be added to
increase the networking reliability; however, many algorithms also need to be introduced to prevent
loops,whichmakethenetworkingmorecomplex.IntheVSUsystem,alldevicesareviewedasalogical
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device.Different devices back up each other,and no loop prevention algorithm needstobe introduced,
which can simplify the network.



Two aggregate switches form a VSU system. It is unnecessary to configure a loop prevention algorithm. The two switches are
redundant mutually.



The access switch is connected to the aggregate switches through the uplink AP.



When a switch in the VSU system is faulty, the other link still works.
Figure 8-4

Deployment



The global master device controls the entire VSU system, runs control-plane protocols and is involved in data forwarding.



Theglobal slavedeviceisinvolvedindataforwarding, does not runcontrol-plane protocols,and worksasthebackupand takes
over the work of the global master device when the global master device is faulty.



The access switch is oriented to users and allows access by users' devices.

8.3 Features
Basic Concepts



VSU System
VSU system is a single logical entity consisting of two or multiple devices in traditional network
architecture. For example, the convergence layer VSU system as shown in the following figure can be
seen as a single device that interacts with the core layer and access layer.
Figure 8-5 Convergence layer VSU
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In the above VSU network structure, the member devices form a logical entity through internal links and
the access layer devices are connected to the VSU through aggregated links. In this way, there is no layer
2 loop between the access and convergence layers.
Figure 8-6 Access layer VSU

Except the core and convergence layer devices, the access layer devices can also form a VSU system. A
server that requires high availabilitycan adopt multiplenetwork cards toform an Aggregate Port (AP) to
connect accesslayer devices.SinceAPcanonly connect tothesame accessdevice,therisk ofsingle
devicefault increases. In this case,VSU can be used tosolve the problem. In theVSUmode, a server
adopts multiple network cards and binds them into an AP to connect different member devices in the
sameVSU group. This way can prevent single point failure and network interruption caused by single
link failure.



VSU Domain ID
A VSU domain has only one ID. Only the devices with the same domain IDs can form a VSU system.



MemberDeviceID
Every member device in a VSU system has a unique ID, namely, Switch ID. Switch IDs can be used in
devicemanagement orconfiguringinterfacesonmemberdevices.Youneedtoconfigurean IDfora
device when adding the device to a VSU system and ensure that the ID is unique in the same VSU
system. If an ID conflict occurs, the VSU system will reserve one device according priority.



Member Device Role
A VSU system consists of several devices. When establishing a VSU system, you need to select a global
master device and a global slave device. All other devices are global candidate devices. A global
master device is elected from multiple devices based on an election protocol. All other devices are
global slave devices in the 1: N hot standby mode. When the 1:1 hot standby mode is supported, one
deviceistheglobalmasterdevice,one deviceistheglobal slavedevice,and allotherdevicesareglobal
candidate devices.
Theglobal masterdeviceisresponsibleforcontrollingthe entireVSU system,running controlplane
protocolsandparticipating in dataforwarding.Other devices,including theglobal slavedevicesand
candidate devices, participate in data forwarding but do not run control plane protocols. All received
control plane data flows are forwarded to the global master device for processing.
Theglobalslavedevicealsoreceivesthestatusesoftheglobalmasterdeviceinreal-timeandprovide
1:1 or 1:N redundancy with the global master device. If the global master device becomes faulty,the
global slave device will take over services from the master device and manage the entire VSU system.
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The following is the method for selecting the master device of a VSU system:
2.

Rules for selecting the master device of a VSU system include (Continue with the next rule if the previous rule does not help in
selecting the master device): a) Select the currently running host as the master device with the highest priority (All devices are
not master devices during startup). b) Select the device with the highest priority as the master device. c) Select the device with
the lowest device No. as the host. d) Select the device with the smallest MAC address as the master device.

3.

In the 1:N hot standby mode, select the device that has the most familiarconfigurations with the master device as theslave
deviceto prevent dual activedevices.The selection order is:the nearest/the highestpriority/the smallestMAC address.

4.

VSUsystemsupportshot addingasupport device.Eventhehot addeddevicehas ahigher prioritythanthemasterdevicehas,
the VSU system does not perform active/standby switch.

5.

The startup order of member device may affect the electionof master device. A member device may not join inthe VSUsystem
because it startsup too slowly.In thiscase, the devicewillbe hot added totheVSU system. Even thedevicehas a higher priority
than the master device, the VSU system does not perform active/standby switchover.

Overview
Feature

Description

Virtual Switching Link (VSL)

In a VSU system, a virtual link is used to connect all devices.

Topology

Describes the internal topology of a VSU system.

Dual-Active Detection (DAD)

Avoids that dual master switches coexist in a VSU domain.

System Management

Describes possible connections between external devices and VSU devices.

Quick Blinking Location

Manages devices in the VSU system.

8.3.1 Virtual Switching Link (VSL)

Working Principle



VSL
The VSU system is a network entity that consists of multiple devices. These devices need to share control
information and part of data streams. The VSL is a special link used for transmission of control
information and data streams among devices of the VSU system. For example, the VSL can be
establishedbetweentwodevicesthrough 10GigabitEthernetinterfaces.Figure8-7showstheposition
of the VSL in the VSU system.
Figure 8-7 VSL

The VSL exists in the form of AP groups. The data streams transmitted through the VSL balance load
among the aggregation port members according to the traffic balancing algorithm.



VSL Traffic
The control streams transmitted through the VSL between devices include:
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1.

Theprotocolpacketsreceivedbythememberdevices:Theseprotocolpacketsneedtobeforwardedthrough theVSLtothe
global master device for processing.

2.

Theprotocolpacketsprocessedbytheglobalmasterdevice:TheseprotocolpacketsneedtobeforwardedthroughtheVSLto
the interfaces of other member devices and then sent to the peer devices by these interfaces.
The data streams transmitted through the VSL between devices include:

1.

The data stream flooded on the VLAN

2.

The data streams that need to be forwarded across devices and transmitted through the VSL
Furthermore, the internal management packets of the VSU system are also transmitted through the VSL.
The management packets include the protocol information switched by the hot backup and
configuration information delivered by the host to other member devices.
Intermsoftheswitchedportanalyzer(SPAN)function,theinterfaceassociatedwiththeVSLcannotberegardedasthesource
port or destination port of the SPAN.



VSL Failure
If a certain member link connected to the VSL AP group fails to work, the VSU will adjust the
configurations of the VSL aggregation port automatically to prevent the traffic from being transmitted
through the faulty member link.
If all member links are disconnected to theVSL AP group, theVSU topology will change. If the original
VSU topology is a ring topology, the ring will convert into a line. For details, see topology ring and line
conversion in the section of Topology Changes.



Detecting Error Frames on a VSL Interface
When a large number of consecutive error frames are detected on a VSL interface, the interface must be
disabled and switched to another VSL interface. The detection method is as follows:
IferrorframesarefoundonaVSLinterface,performerrorframecorrection.ThesystemdetectstheVSL
interface every 5 seconds by default. If the number of error frames is greater than the value of num as
compared withthat detected last time, it isassumed that errorframes are detected once. If error frames
aredetected consecutively for thevalue of times, itis assumed that the interfaceisabnormal. If multiple
VSLlinksareavailablewhenerrorframesaredetected,theVSLwillbeswitched.ThelastVSLwillnotbe
switched in order to prevent topology splitting.
Differentuser scenarioshavedifferentrequirements fornumand times.Thedefaultvalue ofnum is3
andthatoftimesis10.Ifusershavestrictrequirementsonthescenarios,selectsmallervaluesfornum
and times; if reverse, select greater values.

8.3.2 Topology

TheVSUsystemsupportslinetopologyandringtopology.DevicesareconnectedthroughaVSLtoform
a line that is called the line topology.
Working Principle



Topology
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Thelinetopologyissimple.Itusesavery fewportsand cables.Twodevicesareconnected witha
communication link only. Therefore, the VSL has low reliability.
Figure 8-8 Line topology

Expect for the line topology, devices can also form a ring topology, as shown in Figure 8-9. In the ring
topology, the two communication links between devices can back up for each other and perform link
redundancy to improve the reliability of the VSU system.
Figure 8-9 Ring Topology

Youare advised to select the ring topology for theVSU system, thus the normal operation of the whole VSU system will not be
affected by any single faulty device or VSL.
Besides selectingthering topology networking, you areadvisedto configuremultipleVSLs for everyVSL member toimprove
thereliabilityof asingleVSL. Atleast twolinksarerecommendedand a maximumof four links canbe configured. Areasonable
configuration comprises more than two VSLs crossing different cards.



Topology Convergence
Beforetheestablishmentof theVSU,thememberdevicesneedtodiscoverneighborsthroughtopology
discovery protocols and check devices in the VSU system to confirm the range of the management
domain. Then a global master device isselected to manage the wholeVSU system and aglobal slave
deviceisselectedforbackupof themaster device.ThenthewholeVSUtopology isconverged. As the
start up time differs for different devices, the first convergence time of the topology is also different.



Topology ring and Line Conversion
In a ring topology, if a VSL link is disconnected, the ring topology will convert into a line topology. The
wholeVSU system will still run normally without network disconnection.Toprevent other VSL links and
nodesfrombeingfaulty,youareadvisedtolocatetheVSLfailuresand recovertheavailabilityoftheVSL.
After the VSL link is recovered, the line topology will convert into the ring topology.
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Figure 8-10 Ring-to-line and line-to-ring



Topology Splitting
In the line topology, if theVSL link is disconnected, the line topology will be split, as shown in Figure
8-11. A VSU group is split into two groups. In this condition, two devices with the absolutely same
configurations may exist on the network, which will cause abnormal operation of the network.
Therefore, the multi-active detection (MAD) function needs to be deployed tosolve the problem of
topology splitting.
Figure 8-11 Topology splitting



Topology Combining
If the two VSU groups are connected through the VSL link, the line topology will be combined. During
the topology combining, restart one VSU group and then hot add the other VSU group.
The principle of topology combining: Minimizing influences on the services during topology combining.
The rules are as follows (Judge from the first item. If you cannot select the optimal topology, continue to
judge the next item):



Use the device priority as the first criteria for judging topology combining. Reserve the VSU group containing a device with the
highest priority.



If the previous item cannot help make a judgment, select the VSU group with a smaller switch ID (that of the two global master
switches).
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Ifthe previous itemcannot helpmake a judgment, reservetheVSUgroup witha smaller MACaddress(that ofthe global master
switches).
Figure 8-12 Topology combining

During topology combining of twoVSU groups,the twoVSU groups need tobe elected.TheVSU group that failsthe election
will restart automatically and hot add to the other VSU group.
8.3.3 Dual-Active Detection (DAD)

Working Principle
When theVSL is disconnected, the slave device switches to the master device. If the original master
deviceis still running, a series of problems including IPaddress conflict on the LAN will be caused due to
there are two master devices and their configurations are the same completely. In this condition, the
VSUsystemmust detect thetwodevicesand takerecoverymeasures.TheVSUsystemprovides two
methods to perform MAD as follows:



Bidirectional forwarding detection(BFD)



AP-based detection



MAD Rules

1.

Select the VSU group with the highest priority.

2.

If the previous item cannot help make a judgment, select the VSU group with more physical devices.

3.

If the previous item cannot help make a judgment, select the VSU group with a higher health. (Health: total bandwidth of all
physical interfaces (except for management and VSL interfaces) in the UP state in the topology.)

4.

If the previous item cannot help make a judgment, select the VSU group with a smaller switch ID (that of the two global master
switches).

5.

If the previous itemcannot help make a judgment, reserve theVSU group with a smaller MAC address (that of the twoglobal
master switches).

6.

If the previous item cannot help make a judgment, reserve the VSU group with a greater startup time (that of the global master
switches).



BFD
The VSU system supports the BFD to detect multiple master devices. Figure 8-13 shows the topology. A
link is added for the two devices on the edges for MAD specially. When the VSL link is disconnected
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betweentheglobalmasterandslavedevices,twomasterdevicesexistconcurrently.IftheBFDfunction
isset,thetwomaster deviceswill sendtheBFD packetstoeachother through theBFDlink.Thereby the
samedevicesaredetectedonthecurrentsystem.FinallyshutdowntheVSUsystemofamasterdevice
according to some rules and enter the recovery state to avoid network abnormality.
Figure 8-13 BFD

When there is a pair of BFD links, you are advised to deploy the detection links at the two ends of the topology.
Youneed to adopt the extension BFD and you cannot configure the dual-active detection port by using the existing BFD
configurations and commands.



MAD
TheVSU system also supports the MAD dual-active detection mechanism. Figure 8-14 shows the
topology.The VSU system and the upstream deviceboth need tosupport the MAD function.When the
VSLlinkisdisconnected,twomasterdevicesexistconcurrently.The twomasterdevicesrespectively
send the MAD packets to the member ports of the MAD-APs and then the MAD packets are forwarded
to each other through the upstream device. As shown in Figure 8-14, the MAD-AP has four member
ports. Each member port is connected to a different device of the VSU system. When the topology
splittingoccurs,thefourmemberportsallsendandreceivetheMADpackets.Therebythesamedevices
are detected on the current system. Finallyshut down theVSU system of a master device according to
some rules and enter the recovery state to avoid network abnormality.
Figure 8-14 MAD based on upstream and downstream devices

In the topology above, the upstream device must be FS device and support the MAD packet forwarding function.

8.3.4 VSU Traffic Forwarding

Working Principle



Cross-device AP Group
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AnAPbinds multiplephysical linkstogethertoformalogicallink.TheVSU systemsupportstheAP
across the member devices.
As shown in Figure 8-15, two devices form a VSU group. The external access device Switch A is
connected to theVSU in the form of the AP.In terms of Switch A, there is no difference between the AP
in Figure 8-15 and the common AP group.
Figure 8-15 Cross-device aggregation port



Troubleshooting
Youare advised to configure the cross-device AP with the physical link between the peripheral device
andeachVSUdevice.Ontheone hand,theVSLbandwidthcanbereserved(prioritizetheAPmemberof
the same chassis as the egress to transmitted the cross-chassis AP traffic and prevent unnecessary traffic
from being transmitted through the VSL link). On the other hand, the network reliability can be
improved (if a certain chassis is faulty, the member ports of normal devices can work normally).
The follows sections describe the possible faults of the cross-device AP and the consequences.



Singlelinkfailure
If a single link of the cross-deviceAP is faultybut other linksstill work normally, the cross-deviceAP will
reallocate the traffic for the remaining normal links.



Link failure of all cross-device AP member ports on the global master device
If the links of all cross-device AP member ports on the global master device fail to work, only the
member ports of other member devices continue working normally. In terms of the data stream
transmittedthrough the AP totheVSU system, if the data stream forwarding egress is on the global
master device, the system will forward the data stream to the corresponding egress on the global
master device through the VSL link.
Thecontrolplane protocolsarestillrunningontheglobalmasterdevice.Therefore,theprotocolpackets
that enter the VSU system need to be forwarded to the global master device through the VSL link for
protocol computing.



Failure of all links of other member devices
If all links of the cross-device AP and a single device A fail to work, only the member ports of other
member devices continue working normally. In terms of the data stream transmitted through the AP to
theVSUsystem, ifthedata streamforwarding egressisonthememberdeviceA, thesystemwillforward
the data stream to the corresponding egress on the member device A through the VSL.



Global master device fault
If the global master device is faulty, the hot backup switching is performed to switch the original slave
devicetothemasterdevice. Meanwhile, the member ports on other memberdevices continue working.
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The linkfailureisdetectedon thepeerdeviceconnected totheVSUthrough thisAP.Therefore,the
traffic balancing algorithm needs to be adjusted to allocate the data stream to normal links.



Member devicefault
If a member device is faulty, the AP member link connected to this member device is disconnected.
However, other member links still work normally. The link failure is detected on the peer device
connectedto theVSU through thisAP.Therefore, thetrafficbalancingalgorithm needs tobe adjusted to
allocate the data stream forwarding paths to normal links.



Traffic Balancing
In a VSU system, traffic may have multiple egresses. The AP and ECMP have their own traffic balancing
algorithms,forexample,usingdestinationorsourceMACaddresses.Fordetails,seetheConfiguring
Aggregate Port. The local forwarding first (LFF) can be configured detailed in this configuration manual.
Packetsreceivedbyadeviceareforwardedonthisdevicefirst.Inthisway,packetscanbeforwardedto
other devices without using a VSL.

8.3.5 System Management

Working Principle



Access to the Console
The master device console of VSU system manages multiple devices on the system simultaneously. The
consoles of the slave and candidate devices do not support command line input. However, you can
configure theVSU system on the master devicefor a specified member deviceand log in tothe master
device console through the serial port of the slave device. A session can be used to redirect to the
master console of a device.



SlotNaming
In termsof thechassis device, in theVSU mode, the slotis named withthe devicenumber (SwitchID).
Therefore,theslotnumber turnsfromone-dimensionalintotwo-dimensional.Forexample,cableclip
1/1 indicates the slot numbered 1 of the slot 1 on a member device.



Interface Naming
IntheVSUworkingmode, aslotnumber mayoccurinmultipledevices.Therefore,theinterfaceis
named with the device number (Switch ID).
For example, interface gigabitEthernet 1/0/1 indicates the Gigabit port 1 on the slot 0 of the device
whose ID is 1; interface gigabitEthernet 2/0/2 indicates the Gigabit port 2 on the slot 0 of the device
whose ID is2.



Access to the File System
In theVSU working mode, you can accessto the file systemon other member devices from the master
device.The detailedaccessmethod isthesametothat of thelocalfilesystem.The uniquedifferenceis
that different URL prefixes are used.



System Upgrade
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GenerallytheVSUsystemrequires versionconsistencyof the mainprogram versionnumbersof the
memberdevices.However,therearesomanymemberdevicesthatittakestoomuchtimeandenergy
to perform upgrade one by one in the standalone mode and it is also easy to make mistakes. FS
switchesprovide consummate systemupgrade solutiontohelp you withsystemupgrade by adopting
the two methods as follows:



When the VSU system is being established: the system will automatically align the main program version numbers of all
memberdevices.Oncethemainprogramversionsarediscoveredinconsistency,themainprogramofthemasterdevicewillbe
selected to be synchronized to all member devices.



AftertheVSUsystemisestablished:themainprogramversionwillbesynchronizedtoallmemberdevicesautomaticallyby
using the file that is downloaded by the TFTP.



SYSLOG
All member devices of the VSU system can display the SYSLOG. The SYSLOG generated by the master
device is displayed on the master device console with the same format to that in the standalone mode.
The SYSLOG generated by other member devices is also displayed on the master device console, but the
message format is different from that in the standalone mode because the device number information
is added.
For example, the SYSLOG information generated in the standalone state is
"%VSU-5-DTM_TOPO_CVG:Nodediscovery done.Topology converged."The SYSLOG information
generated by the member device numbered 3 is "%VSU-5-DTM_TOPO_CVG:(3) Node discovery done.
Topology converged."

8.3.6 Quick Blinking Location

In a network cabling environment, the equipment room where switches are located and the operation
console are often at different places. If there are many devices in the environment, network
administrators cannot easily locate the locations of specific devices.
Quickblinking location provides network administrators witha method for locating devices by means
of quick blinking. By enable this function for a device on the console, you can easily find the
corresponding device in the equipment room.
When quick blinking location is enabled, the status LED cannot show original status until the quick blinking location is disabled.
8.3.7 Device Recovery in Recovery Mode

Bydefault,adeviceinrecoverymode automaticallyrestartsand isaddedtotheVSUtopologyagain
after the VSL link recovers.
The no recovery auto-restart enable command is provided to disable the automatic restart and
recovery function in recovery mode. After the VSL link recovers, the administrator can enable the
automaticrestart and recovery functioninrecovery mode again or manually enter the restart command
for devices in recovery mode.
After the automatic restart and recovery function in recovery mode is disabled, the device stays in recovery mode until the
administrator enables the function again or manually resets the device.
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8.3.8 Automatic Recovery Without Restart for a Device in Recovery Mode upon Master Device Abnormality

Figure 8-16 Automatic Recovery Without Restart in Recovery Mode

By default, a device in recovery mode does not perform any operation when the master device is
abnormal. The device stays in recovery mode until the VSL link recovers.
A configuration command is provided for the administrator to enable the automatic recovery without
restart function in recovery mode. In this case, a device in recovery mode can automatically become the
master device without being restarted and take over services of the original master device.
After the automatic recovery without restart function inrecovery mode isenabled, a device in recovery mode becomes the
master device when a master device abnormality is detected.

8.4 Configuration
Configuration

Configuration and Command
(Mandatory) It is used to configure VSU in the standalone mode.

Configuring VSU in the Standalone Mode

switch virtual domain

Configures the domain ID.

switch

Configures the switch ID.

switch priority

Configures the switch priority.

vsl-port

Enters theVSL interfaceconfiguration mode.

port-member interface

Configures the VSL member interface.

switch convert mode virtual

Changes the standalone mode to the VSU
mode.

(Optional) It is used to configure the device attributes in the VSU mode.
switch description

Configures the device description.

switch crc

Configures error frame check.

(Optional) It is used to configure the device attributes in the VSU mode.
Configuring VSU

switch domain

Changes the domain ID.

Attributes

switch renumber

Changes the switch ID.

switch description

Configures the device description.

switch crc

Configures error frame check.

Configuring VSU in
the VSU Mode

(Optional) It is used to configure a VSL.
Configuring the VSL

Configuring
Dual-Active Detection
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vsl-port

Enters theVSL interfaceconfiguration mode.

port-member interface

Configures a VSL member interface.

(Mandatory) It is used to configure DAD.
dual-active detection

Configures DAD.
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Configuration

Configuration and Command
dual-active bfd interface

Configures the BFD DAD interface.

dual-active interface

Configures an AP as a DAD interface.

dual-active exclude interface

Configures an excluded interface.

(Optional) It is used to configure traffic balancing in the VSU mode.
Configuring Traffic
Balancing

switch virtual aggregateport-lff
enable
switch virtual ecmp-lff enable

Configuring the Device

Configures the ECMP LFF mode.

(Optional) It is used to configure the device recovery in recovery mode.

Recovery Method in
Recovery Mode

Configures the AP LFF mode.

no recovery auto-restart enable

Disables the automatic restart and recovery
function in recovery mode.

Configuring Automatic

(Optional) It is used to configure the automatic recovery without restart

Recovery Without

function in recovery mode.

Restart in Recovery
Mode
Changing the VSU

dual-activeauto-recoveryenable

restart function in recovery mode.

(Optional) It is used to change the VSU mode to the standalone mode.

Mode to the
Standalone Mode

Enables the automatic recovery without

switch convert mode standalone

Changes the VSU mode to the standalone
mode.

(Optional) It is used to quickly locate a device.

Quick Blinking Location

led-blink

Enables quick blinking location.

(Optional) It is used to configure a device to create one MGMT interface for
each chassis or create only one MGMT interface in VSU mode.
Configuring the MGMT Interface

mgmt_mode unique
no mgmt_mode

Configures the system to create only one
MGMT interface in VSU mode.
Configures the system to create one MGMT
interface for each chassis in VSU mode.

8.4.1 Configuring VSU in the Standalone Mode

Configuration Effect
Start up the switch in the standalone mode to set relevant VSU parameters to establish the VSU system.
Configuration Steps



Configuring VSU Attributes



A switch starts in the standalone mode by default.Youneed toset the same domain ID on the twochassis of the established
VSUsystem.ThedomainIDmust beuniquewithinthelocalareanetwork(LAN). Furthermore,you needtosettheIDof each
chassis in the VSU.



Run the switch virtual domain domain_id command to configure the domain ID. This command is mandatory.
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Runtheswitchswitch_idcommandtoconfigurethedeviceIDintheVSU.Thiscommandismandatory.Fordeviceswiththe
same priorities in the VSU system, a device with the smallest device ID is selected as the global master device.



Run the switch switch_id priority priority_num command to configure the device priority. This command is mandatory.



The value ranges from 1 to 255. A larger value means a higher priority.



Run the switch switch_id description switch1 command to configure the device alias. This command is optional. The default
name is FS. For easy identification of devices in the network environment, this item can be selected to set the device alias.



A maximum of 32 characters are allowed.

Command

switch virtual domain number

Parameter

number: Indicates domain ID of the VSU

Description
Defaults

The default domain ID is 100.

Command

Domain configuration mode

Mode
Usage Guide

Only two devices with the same domain ID can form a VSU. The domain ID must be unique within the LAN.

Command

switch switch_id

Parameter

switch_id: indicates the switch ID in the VSU system. The value varies with products.

Description
Defaults

The default device ID is 1.

Command

Domain configuration mode

Mode
Usage Guide

ThedeviceIDidentifieseachvirtualdevicemember.InVSUmode,theinterfacenameformatchangesto
"switch/slot/port" from "slot/port", in which "switch" is the device ID.
If either chassis are active or if the role of the just started chassis is uncertain and both have the same priority, the
chassis with a smaller ID is elected as the active one.
This command can be only used to modify the device ID in standalone mode. In VSU mode, run the switch
renumbercommand tomodify the deviceID.The modified deviceIDtakeseffect only after you restartthe device,
regardless of in standalone mode or in VSU mode.

Command

switch switch_id priority priority_num

Parameter

switch_id: Indicates a switch ID for which a priority needs to be configured.

Description

priority_num: Indicates the switch priority, ranging from 1 to 255.

Defaults

The default device priority is 100.

Command

Domain configuration mode

Mode
Usage Guide

A larger value means a higher priority. A device with the highest priority is chosen as the master device.
Youcan run thiscommand inthe standalone orVSU mode.The modified prioritytakes effect only after you restart
the device.
This command is not used to modify the value of switch_id. In the standalone mode, if switch_id is set to1, running
the switch2 priority200 command does not work. Youcanfirst set switch_id to2 and then run the switch 2priority
200 command. In the VSU mode, switch_id indicates the ID of the currently running switch. If the ID does not exist,
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the configuration does not take effect.

Command

switch switch_id description dev-name

Parameter

switch_id: Indicates the device ID.

Description

dev-name: Indicates the device description, no greater than 32 characters.

Defaults

N/A

Command

Domain configuration mode

Mode
Usage Guide

This command is configured on a device in whether standalone or VSU mode and takes effect immediately after
configuration.



Configuring the VSL



To establish the VSU system, you need to decide which ports are configured as the VSL member ports.



Run the vsl-port command to enter the VSL interface configuration mode. This command is mandatory.



Run the port-member interface interface-name [copper | fiber ] command to add a VSL interface. This command is mandatory.
WhenthedeviceenterstheVSLinterfaceconfigurationmode,theVSLinterfacecanbeconfiguredor
deleted.

Command

vsl-port

Parameter

N/A

Description
Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

You can run this command in the standalone or VSU mode.

Command

port-member interface interface-name [ copper | fiber ]

Parameter

interface-name: Indicates a two-dimensional interface name, such as Tengigabitethernet 1/1 and Tengigabitethernet

Description

1/3.
copper: Indicates the copper interface attribute.
fiber: Indicates the optical interface attribute.

Command

VSL interface configuration mode

Mode
Usage Guide

Add a member interface of the VSL link. interface-name indicates the two-dimensional interface name in the
standalone mode. The two-dimensional interfacecan be the 10 Gigabit interface or Gigabit interface. (The Gigabit
interface can be an opto-copper interface. If the media type is not specified, the Gigabit copper interface is adopted
bydefault.)For anopto-copper interface,you mustspecifyitsopticalor copper interfaceattribute.AVSL interfacefor
a chassis device must be a 10 Gigabit interface.
Youcan run this command in theVSU mode or standalone mode. The command can take effect after the command
configuration is saved and the device where the VSL member interface resides is restarted.
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Inthestandalonemode,theVSLconfigurationscannot takeeffectimmediatelyunlessthedeviceshiftsintotheVSUmode and
restart.



Configuring Error Frame Check



Runtheswitchcrccommand toconfigureerrorframecheck.This commandisoptional.Runthiscommandtomodifythe
default method for checking error frames.



If errorframes are found on aVSL interface, perform error framecorrection. The systemdetects theVSL interfaces every 5
seconds by default. If the number of error frames is greater than 3 as compared with that detected last time, it is assumed that
error frames are detected once. If error frames are detected consecutively for 10 times, it is assumed that the interface is
abnormal.IfmultipleVSLlinksareavailablewhenerrorframesaredetected,theVSLwillbeswitched.ThelastVSLwillnotbe
switched in order to prevent topology splitting.

Command

switch crc errors error_num times time_num

Parameter

error_num: Configures the increase of error frames between two detections. When the number of error frames is

Description

greater than the increase, it is assumed that error frames are detected once.
time_num: Configures the number of times after which an action needs to be taken (the action can be displaying a
prompt or disabling the interface).

Defaults

The default value of errors is 3; the default value of times is 10.

Command

Domain configuration mode

Mode
Usage Guide

The system detects theVSL interfaces every 5 seconds by default. If the number of errorframes isgreater than 3 as
compared withthat detectedlast time, itisassumed that error frames aredetected once. If error frames are detected
consecutivelyfor10 times, itisassumed thattheinterface isabnormal.The defaultactionforanabnormal interfaceis
displaying a log prompt. You can set the action to disabling the interface. If the interface is disabled, you must
recover it by unplugging and plugging it.

Different products have different requirements for error frame check and different processing for VSL interfaces. In version 11.0, error
frame check isconfigurable.



Changing the Standalone Mode to the VSU Mode



Use the switch convert mode virtual command to change the standalone mode to the VSU Mode.



In the standalone mode, the software will take the following actions after you run the switch convert mode virtual command.
Back up the global configuration file config.text in the standalone mode as standalone.text for subsequent use.
Clear the contents of the configuration file config.text.
Write the relevant VSU configurations to the special configuration file config_vsu.dat.



If there is a virtual_switch.text file on the switch, the system will prompt you whether to overwrite the contents of the file
virtual_switch.texttothefileconfig.text(thefilevirtual_switch.textisabackupfileforthe fileconfig.textwhentheswitchshifts
fromtheVSU mode to the standalone mode).Then you can click Yesor No. Finally the switchrestarts in theVSU mode and
reads VSU parameters in the file config_vsu.dat.

Command

switch convert mode virtual

Parameter

N/A

Description
Defaults
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Command

Privileged EXEC mode

Mode
Usage Guide

Change the standalone mode to the VSU mode.

Verification
Runtheshow switchvirtualconfig[switch_id]command tochecktheVSUconfiguration ofthe
current switch in the standalone mode.
Command

show switch virtual config [ switch_id ]

Parameter

switch_id:IndicatestheswitchID.After thisparameterisspecified, only theVSUconfiguration ofthespecified device

Description

is displayed.

Command

Privileged EXEC mode

Mode
Usage Guide

Use this command to display the VSU configuration in the standalone or VSU mode.

TherelevantVSUconfigurationsaresetforasinglephysicalswitchandtheconfigurationsarestoredinthespecialconfiguration
file config_vsu.dat. Therefore, you can view the current VSU configurations by running the show switch virtual config
command rather than the show running config command.
Inthestandalone mode, theVSU running information isnull.Whenyou enter commands suchas show
switch virtual, the system will prompt you that the switch is in the standalone mode and there is no VSU
running information.
Configuration Example



Configuring VSU in the Standalone Mode

Scenario
Figure 8-16

Switch 1 and Switch 2 form a VSU system. The domain ID is 100. The chassis on the left side is configured as Chassis 1,
with the priority of 200, alias of Switch 1, and the VSL interfaces of 1/1 and 1/2. The chassis on the right side is
configured as Chassis 2, with the priority of 100, alias of Switch 2, and the VSL interfaces of 1/1 and 1/2.
Configuration

6.

Perform the following configuration on the Switch 1:

Steps



Configure VSU attributes and VSL interfaces.



Change the standalone mode to the VSU mode.

7.

Perform the following configuration on the Switch 2:



Configure VSU attributes and VSL interfaces.



Change the standalone mode to the VSU mode.

Switch-1

FS# configure terminal
FS(config)# switch virtual domain 100
FS(config-vs-domain)#switch 1
FS(config-vs-domain)#switch 1 priority 200
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FS(config-vs-domain)#witch 1 description switch-1
FS(config-vs-domain)# switch crc errors 10 times 20
FS(config-vs-domain))#exit
FS(config)#vsl-port
FS(config-vsl-port)#port-member interface Tengigabitethernet 1/1
FS(config-vsl-port)#port-member interface Tengigabitethernet 1/2
FS(config)#exit
FS#switch convert mode virtual
Switch-2

FS# configure terminal
FS(config)# switch virtual domain 100
FS(config-vs-domain)# switch 2
FS(config-vs-domain)# switch 2 priority 100
FS(config-vs-domain)# switch 2 description switch-2
FS(config-vs-domain)# switch crc errors 10 times 20
FS(config-vs-domain))#exit
FS(config)#vsl-port
FS(config-vsl-port)#port-member interface Tengigabitethernet 1/1
FS(config-vsl-port)#port-member interface Tengigabitethernet 1/2
FS(config-vsl-port)#exit
FS#switch convert mode virtual

Verification



Run the show switch virtual config command to view the VSU attributes of Switch 1 and Switch 2.

Switch-1

FS#show switch virtual config
switch_id: 1 (mac: 0x1201aeda0M)
!
switch virtual domain 100
!
switch 1
switch 1 priority 100
!
switch convert mode virtual
!
port-member interface Tengigabitethernet 1/1
!
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port-member interface Tengigabitethernet 1/2
!
switch crc errors 10 times 20
!

Switch-2

FS#show switch virtual config
switch_id: 2 (mac: 0x1201aeda0E)
!
switch virtual domain 100
!
switch 2
switch 2 priority 100
!
switch convert mode virtual
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/2
!
switch crc errors 10 times 20
!

Common Errors
A VSL interface of a chassis device must be 10 Gigabit or higher.
8.4.2 Configuring VSU in the VSU Mode

8.4.2.1

Configuring VSU Attributes

Configuration Effect
During theVSU system running, you can modify the parameters, such as domain ID, switch ID, and
priorityof themaster device or the slave device.However, you can only logintotheVSU masterdevice
console to modify these parameters, but cannot enter the global configuration mode from the slave
device console.
Notes
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Among the commands above, the all configuration commands take effect only after the switch restarts except the switch sw_id
description switch1 command that can take effect immediately.

Configuration Steps



Entering the Domain Configuration Mode



Optional.



Run this command in theVSU mode to enter the domain configuration mode. Switches with the same domain ID form aVSU
system.Youcan modify or configure the domain ID, switch priority, and switch ID only after entering the domain configuration
mode in the VSU mode.

Command

switch virtual domain domain_id

Parameter

domain_id: Indicates the virtual domain ID of the VSU system.

Description
Defaults

The default domain ID is 100.

Command

Domain configuration mode

Mode
Usage Guide

Only two devices with the same domain ID can form a VSU system. The domain ID must be unique on a LAN.



Changing the Domain ID



Optional.



To modify the value of domain_id for a device, you can configure this item on the master device console of the VSU system.

Command

switch switch_id domain new_domain_id

Parameter

switch_id: Indicates the ID of the currently running switch in the VSU mode, ranging from 1 to 8.

Description

new_domain_id: Indicates the modified domain ID, ranging from 1 to 255.

Defaults

The default domain ID is 100.

Command

Domain configuration mode

Mode
Usage Guide

Run this command only in the VSU mode. In addition, the setting can take effect only after the device is restarted.



Changing the Switch ID



Optional.



To modify the value of switch_id for a device, you can configure this item on the master device console of the VSU system.

Command

switch switch_id renumber new_switch_id [ force ]

Parameter

switch_id: Indicates the ID of a switch. In a VSU system, the switch ID ranges from 1 to 16 for box switches.

Description

new_switch_id: Indicates the modified switch ID.
force:(Optional)Indicates whether theIDofadeviceneeds tobe forciblymodified. Afterthisparameterisadded,
the VSU configuration is saved immediately and the device is restarted.

Defaults

N/A

Command

Domain configuration mode

Mode
Usage Guide



Run this command only in the VSU mode. In addition, the setting can take effect only after the device is restarted.

Changing the Switch Priority
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Optional.



To modify the priority of a device, you can configure this item on the master device console of the VSU system.



A larger value means a higher priority. Select the device with the highest priority as the master device.

Command

switch switch_id priority priority_num

Parameter

switch_id: Indicates a switch ID for which a priority needs to be configured.

Description

priority_num: Indicates the switch priority, ranging from 1 to -255 for box switches.

Defaults

The default priority is 100.

Command

Domain configuration mode

Mode
Usage Guide

A larger value means a higher priority. Select the device with the highest priority as the master device.
Youcan run thiscommand inthe standalone orVSU mode.The modified prioritytakes effect only after you restart
the device.
This command isnot used to modify the value of switch_id. In the standalone mode, if switch_id isset to 1, running
the switch 2 priority 200 command does not work. You can first set switch_id to 2 and then run the switch 2
priority 200 command. In the VSU mode, switch_id indicates the ID of the currently running switch. If the ID does
not exist, the configuration does not take effect.



Configuring the Device Description



Optional.



To configure the description for a device, you can configure this item on the master device console of the VSU system.



Run the switch switch_id description switch1 command to configure the device description. A maximum of 32 characters are
allowed.

Command

switch switch_id description dev-name

Parameter

switch_id: Indicates a switch ID for which a priority needs to be configured.

Description

dev_name: Indicates the device name.

Defaults

N/A

Command

Domain configuration mode

Mode
Usage Guide

Youcan run this command in the standalone or VSU mode. The configuration takes effect immediately in the VSU
mode.



Configuring Error Frame Check



Optional.



Run the switch crc errors error_num times time_num command to configure the conditions for triggering error frame check.

Command

switch crc errors error_num times time_num

Parameter

error_num: Configures the increase of error frames between two detections. When the number of error frames is

Description

greater than the increase, it is assumed that error frames are detected once.
time_num: Configures the number of times after which an action needs to be taken (the action can be displaying a
prompt or disabling the interface).

Defaults

The default value of errors is 3; the default value of times is 10.

Command

Domain configuration mode
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Mode
Default Level

14

Usage Guide

N/A

Verification
Usetheshowswitch virtual[ topology| config] command todisplaythecurrentVSUrunning
information, topology or configuration parameters.
Command

show switch virtual [ topology | config ]

Parameter

topology: Indicates topology information.

Description

config: Indicates the VSU configurations.

Command

Privileged EXEC mode

Mode
Usage Guide

View the domain ID, and the device ID, status and role of each device.

Configuration Example



Configuring VSU Attributes

Scenario
Figure 8-17

Switch1 and Switch2 formaVSU system. Modify the chassisIDof Switch 2to3 and itspriorityto150. Assume that
Switch 1 is the global master switch and perform the configuration on the global master switch.
Configuration



Modify the configurations of Switch 2.

Steps
Switch-1

FS#config
FS(config)# switch virtual domain 100
FS(config-vs-domain)#switch2renumber 3
FS(config-vs-domain)# switch 2 priority 150
FS(config-vs-domain)# switch 2 description switch-3

Verification



Run the show switch virtual config command for verification.

Switch-1

FS#show switch virtual config
switch_id: 1 (mac: 0x1201aeda0M)
!
switch virtual domain 100
!
switch 1
switch 1 priority 100
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!
switch convert mode virtual
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/2
!
switch_id: 3 (mac: 0x1201aeda0E)
!
switch virtual domain 100
!
switch 3
switch 3 priority 150
!
switch convert mode virtual
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/2
!
switch 3 description switch-3
!

8.4.2.2

Configuring the VSL

Configuration Effect
WhenswitchesformaVSUsystemor whentheVSUsystemisrunning,youcanshiftbetweencommon
interfaces and VSL interfaces. However, you can only log into the master device consoleof theVSU
systemfor modification, but cannot enter the global configuration mode fromthe slave deviceconsole.
Notes



Youcan log in to the console of the VSU system by using a serial port or telnet, in order to add or delete the configurations of
VSL member interfaces.



Topreventincorrect connectionsinactualscenarios,theVSLAPusesdynamicnegotiation.YouneedtoconfiguretheVSL
interfacepool first,and thenaddtheVSLinterfacepooltothesameAPaftersuccessfulnegotiation.Interfacesconnecting to
the same device are within the same AP.
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Configuration Steps



Entering the VSL Interface Configuration mode



Run the vsl-port command to enter the VSL-PORT configuration mode. This command is optional.



When the device enters the VSL-PORT configuration mode, the VSL interface can be configured or deleted.

Command

vsl-port

Parameter

N/A

Description
Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

You can run this command in the standalone or VSU mode.



Configuring a VSL Member Interface



Run the port-member interface interface-name [ copper | fiber ] command to add a VSL interface. This command is optional.



Run the port-member interface command to configure a VSL member interface.

Command

port-member interface interface-name [ copper | fiber ]

Parameter

interface-name:Indicatesatwo-dimensional interfacename,suchasGigabitEthernet0/1 andGigabitEthernet 0/3.

Description

copper: Indicates the copper interface attribute.
fiber: Indicates the optical interface attribute.

Defaults

N/A

Command

VSL interface configuration mode

Mode
Usage Guide

Youcan run this command in theVSU mode or standalone mode. The command can take effect after the command
configuration is saved and the device where the VSL member interface resides is restarted.
During the VSU system running, the configured VSL member links take effect immediately. VSL
interfaces need to be configured for all devices.
For box devices, VSL interfaces can be optical and copper interfaces of Gigabit or higher.
40G one-to-four interfaces cannot be configured as VSL interfaces.

For a40Gport (nomatterwhether splittingisperformedfortheinterface),itsmemberinterfaces(namely,four 10G interfaces)
cannot be shifted to VSL member interfaces.
Ifaninterfacehas beenconfiguredasanNLBreflexinterface,thisinterfacecanbeshiftedtoaVSLmemberinterfaceonlyafter
the NLB reflex interface configuration is deleted.
Toprevent a loop that may occur when aVSL member interface exits from theVSL AP,the system automatically sets the
member interfaceto theshutdown statewhen the command isexecuted tomake theVSL member interfaceexit fromtheVSL
AP.After theVSLmember interfaceexits fromtheVSL AP,you can reconnect the link and runthe noshutdown command to
enable thisinterfaceagain. When you configure aVSLinterface, the systemwill shut it down first.If theconfiguration failsand
you want to use it as a common interface, you can run the no shutdown command to enable this interface again. Add a
memberinterfacenumberthatmustbeathree-dimensionalinterfacenumber.Forexample, intheVSL-PORTconfiguration
mode, if you run the port-member interface Tengigabitethernet 1/1/1 command, it indicates that you configure the global
three-dimensional interface 1/1/1 as a VSL interface.
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If VSU topology splitting occurs when you change a VSL interface to a common interface, the VSL interface cannot be deleted.
You can disconnect the physical interface first and then delete the VSL interface.
Verification



Use the show switch virtual link [ port ] to display the current VSL link running information in the VSU mode.

Command

show switch virtual link [ port ]

Parameter

port: Displays the status information of the VSL member interfaces.

Description
Command

Privileged EXEC mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the VSL

Scenario
Figure 8-18

Configuration



Add interface 1/1/3 as the VSL interface for Switch 1 and delete interface 1/1/2 from the VSL interface.

Steps
Switch-1

FS#config
FS(config)# vsl-port
FS(config-vsl-port)# port-member interface Tengigabitethernet 1/1/3
FS(config-vsl-port)# no port-member interface Tengigabitethernet 1/1/2

Verification



Run the show switch virtual config command to view theVSL. Assume that Switch 1 is the global master
switch and run the command on the global master switch.

Switch-1

FS#show switch virtual config
switch_id: 1 (mac: 0x1201aeda0M)
!
switch virtual domain 100
!
switch 1
switch 1 priority 100
!
switch convert mode virtual
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!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/3
!
switch_id: 3 (mac: 0x1201aeda0E)
!
switch virtual domain 100
!
switch 3
switch 3 priority 150
!
switch convert mode virtual
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/2
!
switch 3 description switch-3
!

8.4.2.3

Configuring Dual-Active Detection

Configuration Effect
Configure the relevant detection mechanism to prevent the dual-active is being generated.
Notes



The DADcan be configured only intheVSUmode.Youarenot allowed toconfigure theDADmechanism inthestandalone
mode.



All DAD configurations will take effect immediately after being configured on themaster or slave devices in global configuration
mode by running the show running-config command.



TheBFD-detectedconfigurationinformationcanbedisplayedonly byrunningthedual-activedetectiondisplaycommand
rather that the BFD display command.

Configuration Steps



Configuring the BFD DAD
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TheBFDDADrequiresestablishingadirectlyconnectedlinkbetweentwoswitches.Theinterfacesonthetwoendsmustbe
physical routing interfaces. The following configuration must be performed on both chassis.



Enter the interface configuration mode of the DAD interface and configure the DAD interface as a routing interface.



After exiting from the interface configuration mode, run the switch virtual domain domain_id command to enter the domain
configuration mode.



Inthedomainmode, run thedual-activedetectionbfd commandtoenable BFD.This command isoptional and can be used
when BFD DAD needs to be configured.



Inthedomainconfigurationmode,runthedual-activebfdinterfaceinterface-name commandtoconfiguretheBFDDAD
interface.This command isoptional and can be used to configure theBFD DAD interface when BFD DAD is configured.



Delete the BFD DAD interface. If no BFD DAD interface is available, BFD detection cannot be used.

Command

switch virtual domain domain_id

Parameter

domain_id: Indicates the domain ID.

Description
Defaults

The default domain ID is 100.

Command

Global configuration mode

Mode
Usage Guide

Only two devices with the same domain ID can form a VSU system. The domain ID must be unique on a LAN.

Command

dual-active detection { aggregateport | bfd }

Parameter

aggregateport: Specifies the AP detection mode.

Description

bfd: Specifies the BFD detection mode.

Defaults

The DAD is disabled.

Command

Domain configuration mode

Mode
Usage Guide

Configure this command only in the VSU mode.

Command

dual-active bfd interface interface-name

Parameter

interface-name: Indicates the interface type and ID.

Description
Defaults

N/A

Command

Domain configuration mode

Mode
Usage Guide

A BFD DAD interface must be a routing interface and on different switches.
TheBFD detectioninterfacesmustbe directlyconnectedphysical routingports.The twoports mustbe
on different devices.
The interface type is not limited. The dual-active detection link is only used totransmitBFD packets with
asmall amount of traffic.Therefore, you are advisedto adopt the Gigabit interfaceor 100 M interface as
the dual-active detection interface.
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After the layer 3 routing interface that is configured with two master devices is converted into a layer 2
switchinterface (run the switchport command under this interface), the BFD dual-active detection will
be cleared automatically.
You are advised to directly connect BFD detection interfaces only to the master and slave devices.
WhentheVSUsystem detectsdual-active conflict and brings anotherVSU group tothe recovery state,you can resolve the
problemonly by rectifying theVSLfault, but not directly restoring theVSU group inthe recoverystate; otherwise, dual-active
conflict may be caused on the network.



Configuring the AP-based DAD



ToconfiguretheAP-basedDAD,youmustconfigureanaggregateport (AP)firstand thenspecifytheAPport astheDAD
interface.



Run the port-group ap-num command to add a physical member interface to the AP.



Afterentering the domain configuration mode, runthe dual-activedetection aggregateport command toenable AP
detection mode. This command is optional.Youcan run this command when AP detection needs to be configured.



Run the dual-active interface interface-name [ vlan vlan-id ] command to configure the AP as the DAD interface. This command
is optional. Youcan run this command to configure the AP as the DAD interface when AP detection needs to be configured.
When the AP is a trunk port and the native VLAN is beyond the allowableVLAN range of the AP-based DAD interface, a
detectionVLANneedstobeconfiguredfortheAP-basedDADinterface.TheconfiguredVLANmustbewithintheallowable
VLAN range of the trunk port, and has been correctly created on the device.



Runthedadrelayenablecommandtoenabledual-activedetectionpacketrelayforupstreamanddownstreaminterfaces.This
commandisoptional.Youcanrunthiscommand torelayDADpackets(dual-activedetection packets)when AP-based DADis
configured.



Disabling AP-based DAD will inactivate DAD.



Delete the detected interface. If no AP-based DAD interface is available, AP-based DAD cannot be used.



If the AP is a trunk port and VLAN limits have been configured for it, vlan vlan-id (applicable to the configured limited VLANs)
must be configured and the permitted VLANs must be configured on the device. Otherwise, the AP-based DAD function is
unavailable.



The AP-based DAD packet relay is disabled by default.

Command

dual-active detection { aggregateport | bfd }

Parameter

aggregateport: Specifies the AP detection mode.

Description

bfd: Specifies the BFD detection mode.

Defaults

The DAD is disabled.

Command

Domain configuration mode

Mode
Usage Guide

Configure this command only in the VSU mode.

Command

dual-active interface interface-name

Parameter

interface-name: Indicates the interface type and interface ID. An AP-based DAD interface must be specified.

Description
Defaults
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Command

Domain configuration mode

Mode
Usage Guide

Onlyone AP-basedDAD interfacecanbe configured.Thisinterfacemust be createdbeforeyou configurean AP asa
DAD interface. Subsequently configured DAD interfaces will overwrite the previous ones.

Command

dad relay enable

Parameter

N/A

Description
Defaults

The AP-based DAD packet relay is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can only be executed on the AP.

You are advised to distribute the physical interfaces that are added to the AP-based detection interface to different devices.
If the AP is a trunk port and VLAN limits have been configured, vlan vlan-id (applicable to configured limited VLANs) must be
configured and the permitted VLANs must be configured on the device.
The excluded interface must be routing rather than VSL.
After the excluded interface is converted from a routing one into a switch interface (run the switchport command under this
interface), the configurations of the excluded interface that is associated with this interface will be cleared automatically.
Verification
Usethe showswitchvirtualdual-active{aggregateport |bfd|summary }todisplaythecurrent DAD
configuration.
Command

show switch virtual dual-active { aggregateport | bfd | summary}

Parameter

aggregateport: Displays DAD information on the AP.

Description

bfd: Displays BFD-based DAD information.
summary: Displays DAD summary.

Command

Privileged EXEC mode

Mode
Usage Guide

N/A

Configuration Example



Configuring the BFD DAD

www.fs.com

2214

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 8-19



Switch1and Switch2formaVSU(ThedomainIDis1)system.TheprioritiesofSwitch1andSwitch2are200
and150 respectively.ThelinksbetweenTe1/3/1andTe1/3/2of Switch1andTe2/3/1andTe2/3/2ofSwitch2
areestablished respectivelytoformaVSLbetweenSwitch1and Switch2.The G0/1, G0/2, G0/3and G0/4
interfaces of Switch A are connected to G1/1/1 and G1/2/1 of Switch 1 and G2/1/1 and G2/2/1 of Switch 2 to
form an AP group including four member links. The ID of the AP group is 1. All members of AP group 1 are
Gigabit optical interfaces. G1/1/2 and G2/1/2 are routing interfaces.



G1/1/2 and G2/1/2 are a pair of BFD DAD interfaces.

Configuration



Configure G1/1/2 and G2/1/2 as routing interfaces.

Steps



Enable the BFD DAD.



Configure G1/1/2 and G2/1/2 as BFD DAD interfaces.
SinceSwitch1andSwitch2areinaVSUsystem,theprecedingconfigurationcanbe
performed on either Switch 1 or Switch 2. on the following example configures the
functions on Switch 1.

Switch 1

FS(config)# interface GigabitEthernet 1/1/2
FS(config-if-GigabitEthernet 1/1/2)# no switchport
FS(config)# interface GigabitEthernet 2/1/2
FS(config-if-GigabitEthernet 2/1/2)# no switchport
FS(config-if)# switch virtual domain 1
FS(c config-vs-domain)# dual-active detection bfd
FS(config-vs-domain)# dual-active bfd interface GigabitEthernet 1/1/2
FS(config-vs-domain)# dual-active bfd interface GigabitEthernet 2/1/2

Switch A

FS# configure terminal
Enter configuration commands, one per line. End with CNTL/Z.
FS(config)# interface aggretegateport 1
FS(config-if-aggretegateport 1)# interface range GigabitEthernet 0/1-4
FS(config-if-aggretegateport 1)# port-group 1
FS(config)# interface vlan 1
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FS(config-if-vlan 1)#ip address 1.1.1.2 255.255.255.0
FS(config-if-vlan 1)#exit
FS(config)#interface aggregateport 1
FS(config-if-AggregatePort 1)# dad relay enable
FS(config-if-AggregatePort 1)# exit

Verification
Switch 1



View the DAD configuration.



View the BFD DAD configuration.

FS# show switch virtual dual-active summary
BFD dual-active detection enabled: No
Aggregateport dual-active detection enabled: Yes
Interfaces excluded from shutdown in recovery mode:
In dual-active recovery mode: NO
FS# show switch virtual dual-active bfd
BFD dual-active detection enabled: Yes
BFDdual-activeinterfaceconfigured:
GigabitEthernet 1/1/2: UP
GigabitEthernet 2/1/2: UP

Common Errors



A BFD DAD interface is not a routing interface.



Neither BFD DAD nor AP-based DAD are enabled and activated.

8.4.2.4

Configuring Traffic Balancing

Configuration Effect
In the VSU system, if egresses are distributed on multiple devices, the Local Forward First (LFF) can be
configured.
Notes
The default configuration is LFF.
Configuration Steps



Configuring the AP LFF mode



Inthedomainconfiguration mode,run the switchvirtual aggregateport-lffenablecommand toenable theAP LFF mode.
This command is optional.



ThememberportsofAPcanbedistributedontwochassisoftheVSUsystem.YoucanconfigurewhethertheAPegresstrafficis
forwarded through local member ports first based on actual traffic conditions.
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If this function is disabled, traffic is forwarded based on the AP configuration rules. For details, see the Configuring Aggregate
Port.

Command

switch virtual aggregateport-lff enable

Parameter

N/A

Description
Defaults

This function is enabled by default.

Command

Domain configuration mode

Mode
Usage Guide

Enable the AP LFF in the VSU mode.



Configuring the ECMP LFF mode



Inthedomainconfigurationmode,runtheswitchvirtualecmp-lffenablecommandtoenabletheECMPLFFmode.This
command is optional.



The Equal-Cost MultiPath (ECMP) routing egress can be distributed on two chassis of the VSU system. You can configure
whether the ECMP egress traffic is forwarded through local member ports first based on actual traffic conditions.



If this function is disabled, traffic is forwarded based on the ECMP configuration rules. For details, see the Configuring Aggregate
Port.

Command

switch virtual ecmp-lff enable

Parameter

N/A

Description
Defaults

This function is enabled by default.

Command

Domain configuration mode

Mode
Usage Guide

Enable the ECMP LFF in the VSU mode.

In the VSU mode, the across-chassis AP LFF mode and the ECMP LFF mode are disabled by default.
To deploy a VSU system for layer-3 switches, you are advised to configure the IP-based AP load balancing (src-ip, dst-ip abd
src-dst-ip).
Verification
Usethe show switchvirtual balance command todisplay thecurrent trafficbalancing mode of the
VSU system.
Command

show switch virtual balance

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Use this command to display the configuration of the traffic balancing mode in the VSU mode.

Configuration Example



Configuring the LFF
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Scenario
Figure 8-20

In Figure 1-20, Switch 1 and Switch 2 form aVSU system. It is assumed that Switch 1 is the global master switch and
configuration is performed on Switch 1.
Configuration



Configure the AP LFF.

Steps
Switch-1

FS#config
FS(config)# switch virtual domain 100
FS(config-vs-domain)# switch virtual aggregateport-lff enable

Verification



Switch-1

FS#show switch virtual balance

Run the show switch virtual balance command for verification.

Aggregate port LFF: enable
Ecmp lff enable

8.4.2.5

Changing the VSU Mode to the Standalone Mode

Configuration Effect
Dismiss the VSU system into individual devices that can operate in the standalone mode.
Configuration Steps



Run the switch convert mode standalone [switch_id] command to change the VSU mode to the standalone mode. This
command is optional.



After you run this command, the system will prompt you as follows:Whether to restore the configuration file to standalone text?
If yes, the configuration file will be restored; if no, the configuration of virtual device mode will be cleared.

Command

switch convert mode standalone [switch_id]

Parameter

switch_id: Indicates the switch ID.

Description
Defaults

The switch is in the standalone mode by default.

Command

Privileged EXEC mode

Mode
Usage Guide

Afteryouruntheswitchconvert modestandalonecommand,themaster switchbacksup theglobal configuration
files of all VSDs in the VSU mode as vsd.virtual_switch.text.vsd ID. Then, the master switch clears the global
configuration files config.text of all VSDs in the VSU mode, and asks you whether to overwrite the global
configuration files config.text with vsd.standalone.text.vsd ID. If you select yes, the content of vsd.standalone.text.vsd
ID will overwrite the global configuration fileconfig.text of all VSDs; otherwise, the master switch does not recover
config.text. Finally, restart the switch.
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This command can be used in the standalone mode or VSU mode. If the command is executed in the standalone
mode, the mode switching is performed on the current switch. If the command contains the sw_id parameter and is
executed in the VSU mode, the mode switching is performed on the switch with the ID specified by sw_id. If the
command does not contain the sw_id parameter, the mode switching is performed on the master switch. Youare
advised to switch the mode of the slave switch and then that of the master switch.
Configuration Example



Changing the VSU Mode to the Standalone Mode

Scenario
Figure 8-21

In Figure 8-21, it is assumed that Switch 1 and Switch 2 form aVSU system and Switch 1 is the global master switch.
Configuration



Change the mode of Switch1 tothe standalone mode.

Steps



Change the mode of Switch2 tothe standalone mode.

Switch-1

FS# switch convert mode standalone 1
FS# switch convert mode standalone 2

Verification

Run the show switch virtual config command to display the switch status.

Switch-1

FS#show switch virtual config
switch_id: 1 (mac: 0x1201aeda0M)
!
switch virtual domain 100
!
switch 1
switch 1 priority 100
!
switch convert mode standalone
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/3
!
switch_id: 2 (mac: 0x1201aeda0E)
!
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switch virtual domain 100
!
switch 2
switch 2 priority 150
!
switch convert mode standalone
!
port-member interface Tengigabitethernet 1/1
!
port-member interface Tengigabitethernet 1/2
!
switch 2 description switch-2
!

8.4.3 Configuring Quick Blinking Location

Configuration Effect



Enable quick blinking location of a switch to make the status LED of the switch quickly blink.

Notes
If you do not disable quick blinking location, the system automatically disables the function 30 minutes
after it is enabled.
Configuration Steps



Enabling/Disabling quick blinking location



Mandatory. Use this function on a switch that needs to be located.



In the privileged EXEC mode, run the led-blink command to enable quick blinking location.

Command

led-blink { enable | disable } [ device device_id ]

Parameter

enable: Enables quick blinking location.

Description

disable: Disables quick blinking location.
device_id: Indicates the device ID.

Defaults

Quick blinking location is disabled by default.

Command

Privileged EXEC mode

Mode
Usage Guide

Run thiscommand without the device_id parameter toenable or disablethe quick blinkingsearchinthe standalone
mode.
IntheVSUmode,you cansetthedevice_idparameter toenableor disablethisfunctionforaspecifieddevice.If you
ignore the device_id parameter, you can enable or disable this function for all devices in the VSU system.
If you do not disable this function, the system automatically disables the function 30 minutes after it is enabled.
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This configuration cannot be saved. Quick blinking location will be disabled upon restart or failover.
Verification



Check whether the status LED of a switch quickly blinks.

Configuration Example



Enabling quick blinking location for the two VSU devices

Scenario

Assume that Switch 1 and Switch 2 form a VSU system and Switch 1 is the global master device.

Configuration



Enter the led-blinkenable device 2 command on theSwitch1 consoletoenable quick blinking location.

Steps



Enter theled-blinkenabledevice2commandon theSwitch1 consoletodisable quick blinking location.

Verification

When quick blinking location is enabled, check whether the status LED of Switch 2 quickly blinks.

8.4.4 Configuring the MGMT Interface

Configuration Effect



Configure a device to create one MGMT interface for each chassis or create only one MGMT interface for the system in VSU
mode.

Notes
After this command is configured, run the write command to save the configuration. The configuration
takes effect only in VSU mode and only after the device is restarted.
Configuration Steps



Configuring a Device to Create Only One MGMT Interface for the System in VSU Mode



Optional. Configure this function only when a device needs to create only one MGMT interface for the system. One MGMT
interface is created for each chassis by default.



In global configuration mode, run the mgmt_mode command to configure the MGMT interface.

Command

mgmt_mode unique

Parameter

N/A

Description
Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

In VSU mode, set the system to create only one MGMT interface. The configuration needs to be saved, and takes
effect only after the device is restarted.



Configuring a Device to Create One MGMT Interface for Each Chassis



Optional. After a device has been configured to create only one MGMT interface, use this command to restore default
configuration, that is, to create one MGMT interface for each chassis.

Command
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Parameter

N/A

Description
Defaults

N/A

Command

Global configuration mode

Mode
Usage Guide

InVSUmode,setthesystemtocreateoneMGMTinterfaceforeachchassis.Theconfigurationneedstobesaved,and
takes effect only after the device is restarted.

Verification
After configuration, run the write command to save the configuration. After running the reload command to restart the device, run
the show interface command to display the number of MGMT interfaces.
Configuration Example



Configuring a Device to Create Only One MGMT Interface for the System in VSU Mode

Scenario
Figure 1- 22

Switch-1 and Switch-2 form a VSU, and Switch-1 is the global active device.
Configuration



Run the command to configure a device to create only one MGMT interface for the system, run the write
command to save the configuration, and run the reload command to restart the device for the configuration

Steps

to takeeffect.
FS(config)#mgmt_mode unique
Pleasewriteandreloadsystemtotakeconfigeffect!
FS(config)#exit
FS#write
Building configuration...
[OK]
FS#reload
Reload system?(Y/N)y
Verification



After the device is restarted, run the show interfaces | inc mgmt command. The system creates only one
MGMT interface even if there are multiple chassis in the VSU mode.

FS#show interfaces | inc Mgmt
========================== Mgmt 0 ========================
Mgmt 0 is UP , line protocol is UP
Hardware is Mgmt, address is 1414.3344.5519 (bia 1414.3344.5519)
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8.4.5 Configuring the Device Recovery in Recovery Mode

Configuration Effect
Disable the automatic restart and recovery function in recovery mode.
Notes
If the automatic restart and recovery function is disabled, the function needs to be enabled again or the
devices need to be manually restart for devices in recovery mode.
Configuration Steps



Enabling/Disabling the Automatic Restart Function in Recovery Mode



Mandatory. Enable or disable the function on a device as required.



Inconfig-vs-domainconfiguration mode,runthe[no]recoveryauto-restartenablecommandtoenableordisableautomatic
restart function.

Command

recovery auto-restart enable

Parameter

N/A

Description
Defaults

The automatic restart and recovery function in recovery mode is enabled by default.

Command

config-vs-domain configuration mode

Mode
Usage Guide

This command can be executed only inVSU mode. After the command is configured, the configuration needs to be
saved for the configuration to take effect immediately.

Verification
Run the show run command to display the configurations.
Configuration Example



Disabling Automatic Restart and Recovery in Recovery Mode in VSU Mode

Scenario

Switch-1 and Switch-2 form a VSU, and Switch-1 is the global active device.The dual-active detection function is
enabled.

Configuration



Run the switchvirtual domain 100 command on Switch-1to enter the config-vs-domain configuration mode.

Steps



Runthenorecoveryauto-restartenablecommandonSwitch-1todisabletheautomaticrestartandrecovery
function.

Verification

Disconnect the VSL link. After dual-active detection is completed, Switch-2 enters the recovery mode.
Re-connect the VSL link. Switch-2 does not restart.
Run the recoveryauto-restart enable command on Switch-2toenable theautomatic restart and recovery function.
Switch-2 automatically resets.

8.4.6 Configuring Automatic Recovery Without Restart in Recovery Mode

Configuration Effect
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Enable the automatic recovery without restart function in recovery mode.
Configuration Steps



Enabling/Disabling the Automatic Recovery Without Restart Function in Recovery Mode



Mandatory. Enable or disable the function on a device as required.



In config-vs-domain configuration mode, run the [no] dual-active auto-recovery enable command to enable or disable the
automatic recovery without restart function.

Command

dual-active auto-recovery enable

Parameter

N/A

Description
Defaults

The automatic recovery without restart function in recovery mode is disabled by default.

Command

config-vs-domain configuration mode

Mode
Usage Guide

This command can be executed only in VSU mode. After the command is configured, the configuration needs to be
saved for immediate validation.

Verification
Run the show run command to display the configurations.
Configuration Example



Enabling Automatic Recovery Without Restart in Recovery Mode in VSU Mode

Scenario
Figure 1- 23

Switch-1 and Switch-2 form a VSU, and Switch-1 is the global active device. The DAD function is enabled.

Configuration



Run the switchvirtual domain 100 command on Switch-1to enter the config-vs-domain configuration mode.

Steps



Ru the dual-active auto-recovery enable command on Switch-1 to enable the automatic recovery without
restart function in recovery mode.

Verification

Disconnect all VSL links. After DAD is completed, Switch-2 enters the recovery mode.
Power off Switch-1. Verify that Switch-2 automatically becomes the master device without restart.

8.5 Monitoring and Maintenance
Displaying
Description

Command

Displays the current VSU operation, topology or configuration.

show switch virtual [ topology | config | role ]
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Displays the current dual-active configuration.

show switch virtual dual-active { bfd | aggregateport |
summary }

Displays the current VSL running information in the VSU mode.

show switch virtual link [ port ]

Redirects to the console of the master switch or any switch.

session { device switch_id | master }

Displays the current switch ID.

show switch id

9 Configuring RNS
9.1 Overview
The reliable network service (RNS) tests specific services provided by a peer device to monitor the
serviceavailability,integrityoftheend-to-endconnection,and servicequality.UsingtheRNStest
results, you can:



Learn the network performance in time and take measures accordingly to handle related network performance problems.



Diagnose and locate network faults.

9.2 Applications
9.2.1 Testing and Evaluating Service Performance

Scenario
As shown in the following figure, a company is going to deploy a video conference system between the
headquarters and branches, and has completed the related qualityof service (QoS) configurations.
Beforeformal deployment,it mustbe checkedwhether theservices canbe provisioned normally under
the existing service pressure of the company.The video conference system is sensitive to the User
DatagramProtocol(UDP)delayandUDPtransmissionjitterofthenetwork.Thetraditional pingtoolcan
test the Internet Control Message Protocol (ICMP) performance, but cannot effectively evaluate the UDP
transmission performance and cannot meet the requirement for jitter measurement.

Remarks

A, B, and C are switches.

Deployment
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Configure RNS on the egress switching device or switch of each branch to test the UDP jitter and delay.



OnSwitchA, specify theIPaddressand UDPport of theegressswitching deviceor switchintheheadquarters,and then UDP
packetscanbeautomaticallysent.Basedontheconfigurations,theegressswitchingdeviceorswitchintheheadquarterscan
automatically respond to the UDP packets. The egress switching device or switch of the branch processes the sent and received
packets, and calculates the UDP jitter. To learn the performance in different periods of time, you also need to configure
scheduling functions, such as periodically start/stop and repeated running, for the RNS.

9.2.2 Locating NetworkFaults

Scenario
On the campus network as shown in Figure 9-1, Student 1 reports a Web server access failure, Student 3
reports an Internet access failure, and Student 6 reports an email sending/receiving failure.
Figure 9-1

Deployment



The administrator directlyenables the DNS functionon the accessswitch of the dormitories to testwhether the domain name
service(DNS) serverisfaulty. IfDNS fails, an ICMPecho packetis automaticallytriggered totest whethertheWebserver is
reachable.



Whenafaultoccurs,theadministratoronly needstostartatest,and thesubsequent testscanbeautomaticallytriggered.Then,
the administrator can check the test results to locate the fault, which greatly reduces the workload for the administrator.

9.3 Features
Basic Concepts



RNS Instance
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An RNS instance can be treated as an RNS process. Before performing the RNS, you must create an RNS
instance. IntheRNS instance,you needto configurethe RNSparameters,suchasthe testtype, test
destination address, and test frequency. The instance ID is globally unique.
Feature

Description

RNS Instance

Use an RNS instance to conduct a functional test.

Track Support for the

Track the test results and notify the related module of the results.

RNS
9.3.1 RNS Instance

Usean RNS instancetoconduct afunctional test,for example, testing whether theDNSfunctionof the
device is normal. Currently, the RNS supports the following types of tests: ICMP echo and DNS.
Working Principle



ICMP Echo Test
ICMP echo is a basic function of the RNS, and is implemented in compliance with the RFC 2925. An ICMP
packet is sent tocheck whether the destination is reachable and to calculate the network response time
and packet lossrate.
TheRNSclientsendsanICMPechorequesttothe destinationIPaddressbasedonthepresettesttime
and frequency.On receiving the ICMPecho request,the destinationaddress responds withan ICMP
echoreply. Based on the information related to thereceived ICMP echo reply, for example, the packet
receivingtimeand numberof packets,theRNSclientcalculatestheresponsetimeandpacket lossrate
of thedestination IPaddresstoreflect the current networkperformance and network status.The ICMP
echotest resultsand historical records willbe recorded in the test group.Youcan use the command line
to check the test results and historical records.
The precondition of a successful ICMP echo test is that the destination device can correctly respond to the ICMP echo request.



DNS Test
In a DNS test, a DNS client is simulated tosend a domain name resolution request to a specified DNS
server.Youcandetermine whethertheDNSserverisavailableand thedomainname resolutionspeed
by checking the domain name resolution result and the time required for domain name resolution. In
theDNStest,thedomainnameresolutionprocessissimulated,and themappingbetweentheresolved
domain name and the IP address is not saved. The DNS test results and historical records will be
recorded in the test group. You can use the command line to check the test results and historical
records.



Procedure for Configuring an RNS Instance Test

1.

Create a test group, and configure the test parameters based on the test type.

2.

Startan RNS test.

3.

Use the RNS client to construct a packet of the specified test type, and send the packet to the peer end.

4.

On receiving the test packet, the peer end returns a reply packet containing the timestamp.
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5.

TheRNSclientcalculatesthepacket lossrateand round-triptimebasedonavailabilityofthereceivedreply packetandthe
timestamp in the reply packet.

6.

Use the show or debug command to check the test result.
The preceding configuration procedure is a general test procedure of an RNS instance. For details about the specific
configuration procedures for the three types of tests, see the configuration descriptions provided later.

Related Configuration



Configuring the Test Repeat Interval
By default, the test repeat interval is 60s.
Run the frequency millisecond command to configure the repeat interval of an instance.

Performthisconfiguration inIPRNS configuration mode to performthe testperiodically.Youcan run thefrequency command to
specify the repeat interval. The configured frequency must meet the requirement of the following formula to ensure calculation
correctness ofthe test:
(frequency milliseconds) > (timeout milliseconds) >= (threshold milliseconds)



Configuring the Test Timeout
The default timeout varies according to the test type. You can run the show ip rns configuration
command to display the timeout of a specific test type.
Run the timeout milliseconds command to configure the timeout of an instance.
Perform this configuration in IP RNS configuration mode. The value of timeout must be equal to or
greater than the value of threshold. For the relationship between timeout, frequency, and threshold,
see "Usage Guide" of the frequency command.



Configuring the Test Threshold
By default, the test threshold is 5,000 ms.
Run the threshold milliseconds command to configure the threshold of an instance.
Performthisconfiguration inIPRNSconfiguration mode.The value of thresholdmust be equal toor
smallerthanthevalueoftimeout.Fortherelationshipbetweentimeout,frequency,andthreshold,
see "Usage Guide" of the frequency command.



Configuring a Tag for the Test
No default configuration is available.
Run the tag text command to configure a test tag.
PerformthisconfigurationinIPRNSconfigurationmode.Thetagcommandcanspecifyatagforatest,
which is generally used to identify the function of this test.



Configuring the Protocol Payload Size
Thedefaultprotocol payloadsizevariesaccordingtothetesttype. By default,theprotocol payload size
of a test type is the minimum or appropriate size for the test.
Run the request-data-sizebytes command to configure the protocol payload size.
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Perform this configuration in IP RNS configuration mode.



Configuring the TOS of the Test Packet
By default, the TOS is 0.
Run the tos number command to configure the TOS field in the IPv4 packet used for the IP RNS test.
Perform this configuration in IP RNS configuration mode.



Configuring theVRF
No default configuration is available.
Runthevrfvrf-namecommand toconfigurethevirtualroutingand forwarding(VRF)of theIPRNStest.
Perform this configuration in IP RNS configuration mode.

9.3.2 Track Support for the RNS

Objectsthat can betracked include: test result of an RNS instance, RNS list status, link status onan
interface,andtrackliststatus.Whenthetrackstatuschanges,anactionoftherelatedmodule(suchas
DNS) is triggered.
Working Principle
The test result of an RNS instance is tracked as follows:



Configure a track object for tracking the test result of an RNS instance.



When the test result of the RNS instance changes, the RNS module sends a status change message to the track module.



Onreceivingthismessage,thetrackmodulelocatesthetrackobjectbasedontheRNSinstanceID.Afterthepresetdelaytime
elapses, if the status of the RNS instancestill changes, the status of the trackmodule is modified, and the module of the track
object is notified of the modification. If the status of the RNS instance recovers within the preset delay time, the track status is
not modified and the related module is not notified.

Related Configuration



Configuring a Track Object for Tracking the Link Status of An Interface
By default, the function of tracking the link status of an interface is disabled.
Run the trackinterface line-protocol command toconfigure a trackobject, whichis used totrackthe
link status of an interface.
If the link status of the interface is UP,the status of the track object is UP.If the link status of the interface
is DOWN, the status of the track object is also DOWN.



Configuring a Track Object for Tracking the Test Result of an RNS Instance
By default, the function of tracking the test result of an RNS instance is disabled.
Run thetrack rns command to configure a trackobject, which is used totrack thetest result of an RNS
instance. The RNS instance ID ranges from 1 to 500.
Ifthe testresultof the RNSinstanceissuccessful, the status of thetrack object isUP.If thetestresult of
the RNS instance is unsuccessful, the status of the track object is also DOWN.
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Configuring a Track Object for Tracking the Test Result of an RNS List
By default, the function of tracking the test result of an RNS list is disabled.
Run the track rns-list command to configure a track object, which is used to track the test result of an
RNS list.The RNS instance ID ranges from 1 to 500.
The result can be the AND or OR operation result of all member status. If the result of this track object is
setto the OR operation result of all member status, and the ORresult of the status of all the tracked RNS
objects is UP,the status of this track object is UP.If the OR result of the status of all the tracked RNS
objects is DOWN, the status of this track object isalso DOWN.If the result of thistrackobject isset to the
AND operation result of all member status, and the AND result of the status of all the tracked RNS
objects is UP,the status of this track object is UP.If the AND result of the status of all the tracked RNS
objects is DOWN, the status of this track object is also DOWN.



Configuring a Track Object for Tracking the Status of a Track List
By default, the function of tracking the status of a tracklist is disabled.
Run the track list command to configure a trackobject, which is used to track the status of a track list.
The result can be the AND or OR operation result of all member status.
If the result of this track object is set to the OR operation result of all member status, and the OR result of
the status of all members is UP,the status of this track object is UP.If the OR result of the status of all
members is DOWN, the status of this track object is also DOWN. If the result of this track object is set to
theAND operation result of all member status, and the AND result of the status of all members is UP,the
status of the track object is UP.If the AND result of the status of all members is DOWN, the status of this
track object is also DOWN.



Configuring a Track List Member
By default, no member is configured for the track list.
Run the object command to configure a track list member. The status of a track list member meeting
conditions can be set to UP or DOWN.
Assume that the status of a member meeting conditions is set to UP.If the status of a track list member
isUP,themember meets conditions. If thestatus of a tracklist member isDOWN, themember does not
meet conditions.



Adjusting the Delay for Notifying the Status Change of a Track Object
By default, the delay for notifying the status change of a track object is 0.
Run the delay command to adjust the delay for track notification, including the delay for notifying the
status change of a track object from UP to DOWN and the delay for notifying the status change of a
track object from DOWN to UP.The delay ranges from 0 to 180. The unit is second.
A longer delay indicates that it takes more time before the module that is concerned with the track
object is notified of the status. A shorter delay indicates that it takes less time before the module that is
concerned with the track object is notified of the status.
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9.4 Configuration
Configuration Item

Description and Command
(Mandatory) It is used to configure basic function parameters of the RNS.
Supports detailed configuration and brief configuration.



Detailed configuration: An IP RNS operation object is
defined, and used as the configuration ID for

ip rns

subsequent tests and parameters.



Brief configuration: Subsequent configuration of the
testtype isnot required. Currently,one-step startup
oftheICMP,DNS,andTCPconnect testsissupported.

Configuring RNS Basic
Functions

ip rns reaction-configuration

Configures the proactive threshold monitoring and
triggering mechanism of the IP RNS test.
Triggers anothertype of theIPRNS testinpendingstate

ip rns reaction-trigger

when themonitoring thresholdexceeds theexpectation
during an IP RNS test.

ip rns schedule

Configures the scheduling method, start time, and life time
of an IP RNS test.

ip rns restart

Restarts an IP RNS test.

ip rns reset

Clears all the IP RNS configurations.

(Optional) It is used to implement the ICMP echo test.
icmp-echo

Creates an RNS test, the type of which is ICMP echo.

request-data-size

Configures the protocol payload size.

frequency

Configures the test repeat interval.

ConfiguringtheICMPEchoTest tag
threshold
timeout

Configures a tag.
Configures the test threshold.
Configures the test timeout.
Configures the TOS field in the header of the IPv4 test

tos

packet.

vrf

Configure the VRF of a test.
(Optional) It is used to implement the DNS test.

Configuring the DNS Test

dns

Creates an RNS test, the type of which is DNS.

frequency

Configures the test repeat interval.

tag

Configures a tag.

threshold

Configures the test threshold.

timeout

Configures the test timeout.
Configures the TOS field in the header of the IPv4 test

tos

packet.

vrf
Configuring the Track Support
for the RNS
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track rns

Configures a track object for tracking the test result of an
RNS instance.
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Configuration Item

Description and Command
track interface line-protocol
track list
object
delay

Configures a track object for tracking the link status of an
interface.
Configures a track object for tracking the status of a track
list.
Configures a member object for a track list object.
Configures the delay for notifying the status change of a
track object.

9.4.1 Configuring RNS Basic Functions

Configuration Effect



Detailed configuration: Configures an RNS instance to complete basic configuration of the RNS test.



Brief configuration: Configure and start an RNS instance at a time. (Optional)

Notes



In the case of detailed configuration, if you do not further configure the test type after entering ip-ms mode, the RNS object
cannot be created.



In the case of detailed configuration, you must run the command to configure the startup policy after an IP RNS test is
configured; otherwise, the test is not conducted.

Configuration Steps



Defining an IP RNS Operation Object



Mandatory.



Perform this configuration on every switching device unless otherwise required.



Brief configuration isoptional.



Configuring the Proactive Threshold Monitoring and Triggering Mechanism for the Test



Perform this configuration if it is required to configure the proactive threshold monitoring and triggering mechanism for the
test.



Perform this configuration on every switching device unless otherwise required.



Enabling an RNS Test to Trigger Another RNS Test



Perform this configuration if it is required to trigger another type of the IP RNS test in pending state when the monitoring
threshold exceeds the expectation during an IP RNS test.



Perform this configuration on every switching device unless otherwise required.



Configuring the Schedule Parameters of an RNS Test



Configure the scheduling method, start time, and life time if it is required to trigger an IP RNS test.



Perform this configuration on every switching device unless otherwise required.



Inthe case of brief configuration, thiscommand is already configured using the default values, and manual configuration isnot
required.
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Restarting an IP RNS Test



Performthisconfiguration, or directlyrun the iprns schedule Xstart-timenowcommand ifit is requiredtorestart an IP RNS
instance in pending state.



Clearing Configurations of All the IP RNS Instances



Performthisconfigurationifitisrequiredtoclearconfigurations of all theIPRNSinstances,for example, when alotof instances
are configured but configurations are found incorrect.



Starting the IP RNS Server to Provide Server Functions



Perform this configuration on every switching device unless otherwise required.

Verification



Run the show ip rns configuration command to display configurations of RNS instances.

Related Commands



Defining an IP RNS Operation Object

Command
Parameter

ip rns operation-number
operation-number: Indicates the ID of the IP RNS operation object. The value ranges from 1 to 500.

Description
Command

Global configuration mode

Mode
Usage Guide

Currently, the IP RNS supports only IPv4-related tests, but not IPv6-related tests. At most 500 tests can be configured,
dependingontheperformance ofdevices.The testfunctionisonlya value-addedfunction.Whena largenumber of
testsare configuredand consumea lot of system resources, the testfunction may be temporary disabled toensure
normal operation of core services, such as route forwarding.
Detailedconfiguration(mandatoryitemsofiprnsoperation-number):Runthiscommandandenterip-rnsmode.In
ip-rns mode, you candefine various testtypes. If the testtype isnot configured, the RNS object isnot created. After
configuring an IP RNS test, you must run the ip rns schedule command to configure its scheduling parameter;
otherwise, the test cannot be conducted.
After configuring an IP RNS test, you can run the ip rns command to directly enter the mode of the related test type.
Tomodify a type of the IP RNS test object that is currently conducted, you must first delete this IPRNS testby running
the no ip rns command in global configuration mode.



Configuring the Proactive Threshold Monitoring and Triggering Mechanism for the Test

Command

iprnsreaction-configurationoperation-numberreactmonitored-element[action-typeoption ][threshold-type
{average [ number-of-measurements ] | consecutive [ occurrences ] | immediate|never| xofy[ x-value y-value ] } ]
[threshold-value upper-threshold lower-threshold ]

Parameter
Description

operation-number: Indicates the ID of the IP RNS operation object. The value ranges from 1 to 500.
monitored-element: Specifies the monitored element.
action-type option: Indicates the action taken after the test is triggered.
average [ number-of-measurements ]: Indicates that the subsequent associated actions are triggered if the average of
number-of-measurements of the monitored element exceeds the threshold.
consecutive [ occurrences ]: Indicates that the test is triggered if the consecutive number of occurrences of the
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monitoredelementexceedsthethreshold.Thedefaultvalueofoccurrencesis5.Thevaluerangesfrom1to16.
immediate: Indicatesthat the testistriggeredimmediately after themonitored element exceedsthethreshold.
never: Indicates that the test is never triggered.
xofy[x-valuey-value]:IndicatesthatresultsofXtestsexceedthethresholdinthelastYtests.ThedefaultvaluesofX
and Y are 5. The value of X or Y ranges from 1 to 16.
threshold-value upper-threshold lower-threshold: Indicate the upper and lower thresholds.



When monitored-element is rtt, the thresholds are the time. For default values, see "Usage Guide". The value
ranges from 0 to 60,000 ms.


Command

Note that you do not need to configure threshold-value when react is set to timeout.

Global configuration mode

Mode
Usage Guide

ForthesameIPRNSobject,you canconfigure multiplethresholdstomonitor differentelements.Thefollowingtable
provides the mapping between test types and monitored elements.
monitored-element

icmp-echo

dns

timeout
rtt
The following table lists the default thresholds of each monitored element.



Monitored Element

Upper Threshold

Lower Threshold

timeout

-

-

rtt

5000ms

0ms

Enabling an RNS Test to Trigger Another RNS Test

Command
Parameter
Description
Command

ip rns reaction-trigger operation-number target-operation
operation-number:Indicatesthenumber ofthesourceoperationthat triggerstheaction.The valuerangesfrom1to
500.
target-operation: Indicates the number of the target operation that is triggered. The value ranges from 1 to 500.
Global configuration mode

Mode
Usage Guide



The trigger function is generally used in network fault diagnosis scenario. In a common scenario, you do not need to
configure the trigger function.

Configuring the Schedule Parameters of an RNS Test

Command
Parameter
Description

www.fs.com

ip rns schedule operation-number [ life{ forever|seconds} ] [ start-time{ hh:mm[ :ss] [ month day|daymonth ]
|pending|now|afterhh:mm:ss} ] [ recurring]
operation-number: Indicates the number of the RNS operation. The value ranges from 1 to 500.
lifeforever: Indicates that the RNS operation life time is valid forever.
lifeseconds: Indicates the life time of the RNS in second.
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hh:mm[ :ss]: Accurately indicates the start time of the operation. The 24-hour format is used.
month: Indicates the start month of the operation. The default value is the current month.
day: Indicates the start date of the operation. The default value is the current date.
pending: Indicates that the operation start time is not defined yet. This is the default value.
now: Indicates that the operation start time is now, that is, the operation starts now.
afterhh:mm:ss: Indicates that the operation starts after a delay of hh:mm:ss.
recurring: Indicates whether the operation automatically starts every day at the same time.
Command

Global configuration mode

Mode
Usage Guide

IftheschedulingparameterofanIPRNStestisalreadyconfiguredbyrunningtheiprnsschedulecommand,itstest
parameters cannot be modified. Tomodify the configuration, you must run the no ip rns schedule command to
delete the scheduling policy configuration.
life{seconds} indicatesthelifecycleof the IPRNStest,that is,after thetestis startedaccordingtothe configuredstart
time, the test stops after a period of time specified by seconds.



Restarting an IP RNS Test

Command
Parameter

ip rns restart operation-number
operation-number: Indicates the ID of the IP RNS operation object. The value ranges from 1 to 500.

Description
Command

Global configuration mode

Mode
Usage Guide



This command restarts an IP RNS test for which the scheduling policy is configured and is in pending state. This
command is invalid for an IP RNS test for which the scheduling policy is not configured.

Clearing Configurations of All the IP RNS Instances

Command
Parameter

ip rns reset
N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Thiscommandclearsconfigurations of alltheIPRNSinstances.Itisusedonly inextremecases,forexample,when a
lot of RNS tests are configured but the configurations are found incorrect.

Configuration Example



Configuring RNS Basic Functions

Scenario
Figure 9-2

www.fs.com
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Configuration



Configure instance 1 on Switch A.

Steps



Configure the scheduling method, start time, and life time of instance 1.



Configure the proactive threshold monitoring and triggering mechanism of instance 1.



Trigger instance 2 in pending state when the monitoring threshold of instance 1 exceeds the expectation.

Swtich A

A# configure terminal
A(config)# ip rns 1
A(config-ip-rns)#icmp-echo 10.1.1.1
A(config-ip-rns-icmp-echo)#exit
A(config)ip rns schedule 1 start-time now life forever
A(config)iprns reaction-configuration1react timeoutthreshold-type immediateaction-type trigger
A(config)ip rns reaction-trigger 1 2

Verification

Run the show ip rns configuration command to display the instance configurations.
Router#show ip rns configuration 1
Entry number: 1
Tag: FS555
Type of operation to perform: icmp-echo
Operation timeout (milliseconds): 5000
Operation frequency (milliseconds): 60000
Threshold (milliseconds): 5000
Recurring (Starting Everyday): FALSE
Life (seconds): 3500
Next Scheduled Start Time:Start Time already passed
Target address/Source address: 2.2.2.3/0.0.0.0
Request size (ARR data portion): 36

9.4.2 Configuring the ICMP Echo Test

Configuration Effect
Create an IP RNS test of the ICMP echo type.
Notes



The RNS basic functions must be configured.

Configuration Steps



Creating an IP RNS Test of the ICMP Echo Type



Mandatory.

www.fs.com
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Perform this configuration on every switching device unless otherwise required.



Configuring Common Optional Parameters of the Test



Performthis configuration if it is required to change common optional parameters of the test, such as the repeat interval, tag,
time threshold, timeout, and TOS.



Perform this configuration on every switching device unless otherwise required.



Configuring the Protocol Payload Size



Perform this configuration if it is required to change the protocol payload size of the test.



Perform this configuration on every switching device unless otherwise required.

Verification



Run the show ip rns configuration command to display the instance configurations.

Related Commands



Creating an IP RNS Test of the ICMP Echo Type

Command

icmp-echo { oob { destination-ip-address | destination-hostname [ name-server ip-address ] } [ source-ipaddr
ip-address] viatypenumnext-hop ip-address}|{ {destination-ip-address|destination-hostname [ name-server
ip-address ] } [ source-ipaddr ip-address ] [ out-interface type num [ next-hop ip-address ] ] }

Parameter
Description

oob: Indicates the test on the MGMT interface.
destination-ip-address: Indicates the destination IP address.
destination-hostname: Indicates the destination host name.
name-server ip-address: Specifies the DNS server when the destination host name is configured. By default, the DNS
server configured by using the ipname-server command is used for address resolution.
source-ipaddr ip-address: Indicates the source IP address.
out-interface type num: Specifies the outgoing interface (non-MGMT interface) of the test packet.
via type num: Specifies the MGMT interface as the outgoing interface of the test packet.
next-hop ip-address: Indicates the IP address of the next hop.

Command

IP RNS configuration mode (config-ip-rns)

Mode
Usage Guide

After this command is configured, the IP RNS object starts to send the ICMP echo packet, and the destination IP
address is the IP address configured by the user. By default, the payload size of an ICMP echo packet is 36 bytes. You
can run the request-data-size command to change the packet size.
Youmust firstconfigure the type of the IPRNS test(such as theICMP echo test),and then configure parameters of
the test type. Tomodify the test type of an IP RNS test, you must first delete this IP RNS test by running the no ip rns
command in global configuration mode.



Configuring the Protocol Payload Size of the IP RNS Test

Command
Parameter
Description

www.fs.com

request-data-size bytes
bytes:Indicates thebytes of thetestpacket.Theminimum/maximum bytes vary accordingtothetesttype.Youneed
to configure this item based on the command prompt in configuration mode of a specific test.
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Command

IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)

Mode
Usage Guide



This command is used to stuff some bytes in the test packet so that large packets can be used for the test.

Configuring the Test Repeat Interval

Command
Parameter
Description
Command
Mode
Usage Guide

frequency milliseconds
milliseconds: Indicates the packet sending interval in ms. The default value is 60,000 ms. The value ranges from 10 to
604,800,000. The maximum value is one week.
IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
Tests are conducted periodically in an IP RNS test lifecycle. You can run the frequency command to specify the repeat
interval. The configured frequency must meet the requirement of the following formula to ensure calculation
correctness of the test:
(frequency milliseconds) > (timeout milliseconds) >= (threshold milliseconds)



Configuring a Tag for an IP RNS Test

Command
Parameter

tag text
text: Sets the test tag. The value is a string of up to 79 characters.

Description
Command
Mode
Usage Guide



IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
This command specifies a tag for a test, which is often used to indicate the function of the test.

Configuring the Time Threshold of an IP RNS Test

Command
Parameter
Description
Command
Mode
Usage Guide



IP RNS DNS configuration mode (config-ip-rns-dns)

threshold milliseconds
milliseconds:Indicatesthetimethresholdofthetest.Thevaluerangesfrom0to60,000.Theunitisms.Thedefault
value is 5,000.
IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
The value of threshold must be equal to or smaller than the value of timeout.For the relationship between timeout,
frequency, and threshold, see "Usage Guide" of the frequency command.

Configuring the Timeout of an IP RNS Test

Command
Parameter
Description

www.fs.com

timeout millisecond
millisecond: Indicates the test timeout. The value ranges from 10 to 604,800,000. The unit is ms. The default timeout
varies according to the test type.
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Command
Mode
Usage Guide



IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
The value of timeout must be equal to or greater than the value of threshold.For the relationship between timeout,
frequency, and threshold, see "Usage Guide" of the frequency command.

Configuring the TOS Field in the IPv4 Packet Header of an IP RNS Test

Command
Parameter

tos number
number: Sets the TOS field in the IPv4 test packet. The value ranges from 0 to 255. The default value is 0.

Description
Command
Mode
Usage Guide



IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
TOS is a 8-bit field in the IPv4 packet header. By setting the TOS, you can control the priority of the test packet. For
different TOS fields, the processing priorities are different on the intermediate routers.

Configuring the VRF of an IP RNS Test

Command
Parameter

vrf vrf-name
vrf-name: Specifies the VRF name.

Description
Command
Mode
Usage Guide

IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
This command specifies the VRF of the test packet.

Configuration Example
Figure 9-3

Configure RNS instance 1 and related parameters on Switch A.
Switch A

A# configure terminal
A(config)# ip rns 1
A(config-ip-rns)#icmp-echo 10.2.2.2
A(config-ip-rns-icmp-echo)#exit
A(config)#ip rns schedule 1 start-time now life forever
Run the show ip rns configuration command to display the instance configurations.

www.fs.com
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Switch A

A#show iprnsconfiguration 1
Entry number: 1
Tag:
Type of operation to perform: icmp-echo
Operation timeout (milliseconds): 5000
Operation frequency (milliseconds): 60000
Threshold (milliseconds): 5000
Recurring (Starting Everyday): FALSE
Life (seconds): foerver
Next Scheduled StartTime:Start Time already passed
TaFSetaddress/Sourceaddress:10.2.2.2/0.0.0.0
Request size (ARR data portion): 36

9.4.3 Configuring the DNS Test

Configuration Effect
Create an IP RNS test of the DNS type and implement the DNS test.
Notes



The RNS basic functions must be configured.

Configuration Steps



Creating an IP RNS Test of the DNS Type



Mandatory.



Perform this configuration on every switching device unless otherwise required.



Configuring Common Optional Parameters of the Test



Performthis configuration if it is required to change common optional parameters of the test, such as the repeat interval, tag,
time threshold, timeout, and TOS.



Perform this configuration on every switching device unless otherwise required.

Verification



Run the show ip rns configuration command to display the instance configurations.

Related Commands



Creating an IP RNS Test of the DNS Type

Command
Parameter
Description
Command

www.fs.com

dns { oob destination-hostname name-server ip-address }
oob: Indicates the test on the MGMT interface.
destination-hostname: Indicates the destination host name.
name-server ip-address: Indicates the IP address of the DNS server.
IP RNS configuration mode (config-ip-rns)

2240

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Mode
Usage Guide

Youmust firstconfigure the type of the IPRNS test(such as theICMP echo test),and then configure parameters of
the test type. Tomodify the test type of an IP RNS test, you must first delete this IP RNS test by running the no ip rns
command in global configuration mode.



Configuring the Test Repeat Interval

Command
Parameter
Description
Command
Mode
Usage Guide

frequency milliseconds
milliseconds: Indicates the packet sending interval in ms. The default value is 60,000 ms. The value ranges from 10 to
604,800,000. The maximum value is one week.
IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
Tests are conducted periodically in an IP RNS test lifecycle. You can run the frequency command to specify the repeat
interval. The configured frequency must meet the requirement of the following formula to ensure calculation
correctness of the test:
(frequency milliseconds) > (timeout milliseconds) >= (threshold milliseconds)



Configuring a Tag for an IP RNS Test

Command
Parameter

tag text
text: Sets the test tag. The value is a string of up to 79 characters.

Description
Command
Mode
Usage Guide



IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
This command specifies a tag for a test, which is often used to indicate the function of the test.

Configuring the Upper Threshold of an RNS Test

Command
Parameter
Description
Command
Mode
Usage Guide

threshold milliseconds
milliseconds:Indicatestheupperthresholdofthetest.Thevaluerangesfrom0to60,000.Theunitisms.Thedefault
value is 5,000.
IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
The value of threshold must be equal to or smaller than the value of timeout. For the relationship between timeout,
frequency, and threshold, see "Usage Guide" of the frequency command.
The value of threshold must be smaller than the value of timeout.



Configuring the Timeout of an IP RNS Test

Command
Parameter

www.fs.com

timeout millisecond
millisecond: Indicates the testtimeout.The value ranges from10 to 604,800,000.The unit isms.The default timeout
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Description
Command
Mode
Usage Guide



varies according to the test type.
IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
The value of timeout must be equal to or greater than the value of threshold.For the relationship between timeout,
frequency, and threshold, see "Usage Guide" of the frequency command.

Configuring the TOS Field in the IPv4 Packet Header of an IP RNS Test

Command
Parameter

tos number
number: Sets the TOS field in the IPv4 test packet. The value ranges from 0 to 255. The default value is 0.

Description
Command
Mode
Usage Guide



IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
TOS is a 8-bit field in the IPv4 packet header. By setting the TOS, you can control the priority of the test packet. For
different TOS fields, the processing priorities are different on the intermediate routers.

Configuring the VRF of an IP RNS Test

Command
Parameter

vrf vrf-name
vrf-name: Specifies the VRF name.

Description
Command
Mode
Usage Guide

IP RNS DNS configuration mode (config-ip-rns-dns)
IP RNS ICMP echo configuration mode (config-ip-rns-icmp-echo)
This command specifies the VRF of the test packet.

Configuration Example
Scenario
Figure 9-4

Configuration

Configure RNS instance 1 and related parameters on Switch A.

Steps
Switch A

A# configure terminal
A(config)# ip rns 1
A(config-ip-rns)# dns www.FS.com.cn name-server 10.2.2.2
A(config-ip-rns-dns)#exit
A(config)ip rns schedule 1 start-time now life forever

Verification

www.fs.com

Run the show ip rns configuration command to display the instance configurations.
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Switch A

A#show iprnsconfiguration 1
Entry number: 1
Tag:
Type of operation to perform: dns
Operation timeout (milliseconds): 5000
Operation frequency (milliseconds): 60000
Threshold (milliseconds): 5000
Recurring (Starting Everyday): FALSE
Life (seconds): forever
Next Scheduled StartTime:Start Time already passed
TaFSet host name: www.FS.com.cn
Name Server: 10.2.2.2

Common Errors



The IP address of the server is incorrect.

9.4.4 Configuring the Track Support for the RNS

Configuration Effect



Configure the track function to track the test result of an RNS instance.



Configure the track function to track the link status of an interface.



Configure the track function to track the status of a track list.



Configurethetrackfunctiontotrackthestatusof anRNSlist.

Notes



To configure the track function to track the test result of an RNS instance, you need to configure the related RNS instance.



To configure the track function to track the link status of an interface, you need to configure the related interface.



Toconfigure the track function to track the status of a track list, you need to configure the members for the related track list.



Toconfigure thetrackfunction totrackthe statusof an RNSlist,you need to configurethemembers forthe relatedRNS list.

Configuration Steps



Configuring a Track Object



Perform this operation if it is required to create a track object.



The following four methods are available to create a track object:
-CreateatrackobjectfortrackingthetestresultofanRNSinstance:Performthisconfigurationoneveryswitchingdeviceunless
otherwise required.

www.fs.com
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-Create atrackobject for tracking the linkstatusof an interface:Performthis configuration on every switching deviceunless
otherwise required.
-Create atrackobject fortracking thestatus of a tracklist:Performthisconfiguration on every switching deviceunless otherwise
required.
-Createatrackobjectfortrackingthestatusof anRNSlist:Performthisconfigurationoneveryswitchingdeviceunlessotherwise
required.



Configuring the Notification Delay of a Track Object



Perform this configuration if it is required to delay notification of the status change of a track object.



Delay for notifying the status change of a track object includes the delay for notifying the status change of a track object from
UPto DOWNand the delay for notifying the status change of a trackobject fromDOWNto UP.Youcan configure either delay or
both of delays.



Perform this configuration on every switching device unless otherwise required.



Configuring a Track Member



Perform this configuration if it is required to configure a track object for tracking the status of a track list.



When configuring a track member, you can set the status of a member meeting conditions to UP or DOWN.



Perform this configuration on every switching device unless otherwise required.

Verification
Observethe statusof a trackobject whenthe statusof thetrackobject (suchas testresultsof an RNS
instance, link status of an interface, or status of a track list) changes.



After the preset delay, run the show track command to check whether the current track status changes.

Related Commands



Configuring a Track Object for Tracking the Link Status of An Interface

Command

track object-number interface interface-type interface-number line-protocol

Parameter

object-number: Indicates the number of a track object. The value ranges from 1 to 700.

Description

Interface-type interface-number: Indicates the interface type and interface number.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure a track object for tracking the link status of an interface. When the link status of the
interface is UP, the status of the corresponding track object is UP.



Configuring a Track Object for Tracking the Test Result of an RNS Instance

Command

track object-number rns entry-number

Parameter

object-number: Indicates the number of a track object. The value ranges from 1 to 700.

Description

entry-number: Indicates the number of an RNS object. The value ranges from 1 to 500.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure a track object for tracking the test result of an RNS instance. When the test result of
the RNS instance is successful, the status of the corresponding track object is UP.

www.fs.com
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Configuring a Track Object for Tracking the Status of a Track List

Command

track object-number listboolean { and | or }

Parameter

object-number: Indicates the number of a track object. The value ranges from 1 to 700.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to configure a track object for tracking the status of a track list. The result can be the AND or OR
operation result of all member status.



Configuring a Track Member

Command

object object-number[ not ]

Parameter

object-number: Indicates the number of a track object. The value ranges from 1 to 700.

Description
Command

Track configuration mode

Mode
Usage Guide

Run this command to configure a member for a track list. The number of track list members that can be configured is
restricted only by the capacity of track objects.



Configuring a Track Object for Tracking the Status of an RNS List

Command

track object-number rns-list men-list{ and | or }

Parameter

object-number: Indicates the number of a track object. The value ranges from 1 to 700.

Description

men-list:Indicates theRNSlist thatistracked. mem-listcanbe anRNS instanceor aseriesof RNSinstances.If
mem-list is a series of RNS instances, the format is as follows: Smallest RNS ID–Greatest RNS ID, for example, 10–20.
The RNS ID ranges from 1 to 500.

Command

Global configuration mode

Mode
Usage Guide

Run this command to configure a track object for tracking the status of an RNS list. The result can be the AND or OR
operation result of all member status.

Configuring the Notification Delay of a Track Object
Command

delay { upseconds [ downseconds ] | [ upseconds ] downseconds }

Parameter

up seconds: Specifies the delay for notifying the status change of a track object from DOWN to UP.The value ranges

Description

from 0 to 180. The unit is second. The default value is 0.
downseconds: Specifies the delay for notifying the status change of a track object from UP to DOWN.The value
ranges from 0 to 180. The unit is second. The default value is 0.

Command

Track configuration mode

Mode
Usage Guide

When the status of a track object frequently changes, the status of the client that use this track object will frequently
change as well.
Using thiscommand can delay notification of the status change of a track object. For example, if the status of a track
object changes from UPto DOWN,and delay down 10 isconfigured, the DOWNstatus of the track object isnotified
10s later. If the status of the track objects changes to UP again within this period of time, no notification is sent. For
the client that uses this track object, the status of the track object is always UP.

www.fs.com
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Displaying the Track Object Statistics

Command

showtrack [ object-number ]

Parameter

object-number: Indicatesthe number of a trackobject.The value ranges from1 to700.The default is all track objects.

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Run this command to display statistics of track objects.

Configuration Example



Configuring Track Object3 for Tracking the Link Status of the Interface FastEthernet 1/0

Configuration



Configure a track object for tracking the link status of an interface.

Steps



Configure the delay for notifying the status change from UP to DOWN.

FS# configure terminal
FS(config)# track 3 interface FastEthernet 1/0 line-protocol
FS(config-track)# delay down 10
FS(config-track)# exit

Verification

Change the link status of the interface FastEthernet 1/0 to DOWN.



Immediately check the status of the track object, and verify that the status is still UP.



Check the status of the track object 10s later, and verify that the status changes to DOWN.

FS# show track 3
Track 3
Interface FastEthernet 1/0
The state is Up, delayed Down (5 secs remaining)
1 change, current state last: 300 secs
Delay up 0 secs, down 10 secs



ConfiguringTrackObject3(Whenthestatusoftrackobject1isUP,andthestatusoftrackobject2isDOWN,thestatus
of track object 3 is UP.)

Configuration



Configuring track object 1 and track object 2.

Steps



Configure track object 3, and its members include track object 1 and track object 2.

www.fs.com
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FS # config
FS(config)#track 1 interface gigabitEthernet 0/0 line-protocol
FS(config-track)#delay up 20 down 40
FS(config-track)#exit
FS(config)#
FS(config)#track 2 interface gigabitEthernet 0/1 line-protocol
FS(config-track)#delay down 30
FS(config-track)#exit
FS(config)# track 3 list Boolean and
FS(config-track)#object 1
FS(config-track)#object 2 not
FS(config-track)# exit

Verification

When the status of track objects 1 and 2 change, check the status of track object 3.



Whenthestatusoftrackobject 1changesfromDOWNtoUP,andthestatusoftrackobject2remainsDOWN,
verify that the status of track object 3 changes from DOWN to UP.



When the status of track object 1 remains UP,and the status of track object 2changes fromDOWNtoUP,verify
that the status of track object 3 changes from UP to DOWN.

FS# show track 3

Track 3
List boolean and
Object 1
Object 2 not
The state is Down
1 change,current state last:10 secs
Delay up 0 secs,down 0 secs



Configuring Track Object 5 for Tracking the Test Result of RNS Instance 7

Configuration



Configure an RNS instance.

Steps



Configure a track object for tracking the test result of an RNS instance.



Configurethedelay fornotifyingthetestresultchange fromsuccessfultounsuccessful,andthedelay for
notifying the test result change from unsuccessful to successful.

FS# configure terminal
FS (config)#ip rns 7
FS (config-ip-rns)#icmp-echo 2.2.2.2

www.fs.com
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FS (config-ip-rns-icmp-echo)#exit
FS (config)#ip rns schedule 7 start-time now life forever
FS(config)# track 5 rns 7
FS (config-track)# delay up 20 down 30
FS (config-track)# exit

Verification

Let the test result of RNS instance 7 change from successful to unsuccessful.



Whenthetestresultchangestounsuccessful,immediately checkthestatusof trackobject 7, andverifythat
the status is still UP.



Check the status of the track object 30s later, and verify that the status changes to DOWN.

FS# show track 5
Track 5
Reliable Network Service 7
The state is Down
2 change, current state last: 10 secs
Delay up 20 secs, down 30 secs



Configuring Track Object 5 for Tracking the Test Results of an RNS List (consisting of RNS Instances 1, 2–5, and 8)

Configuration



Configure and start the RNS.

Steps



Configure a track object for tracking the test result of an RNS list.



Configure the delay for notifying the test result change from UP to DOWN, and the delay for notifying the test
result change from DOWN to UP.

FS(config)# track 5 rns-list 1,2-5,8 and
FS (config-track)# delay up 20 down 30
FS (config-track)# exit
Verification

Let the test result of one of the RNS instances 1, 2-5, and 8 changes from successful to unsuccessful.



Whenthetestresultchangestounsuccessful,immediately checkthestatusof trackobject 7, andverifythat
the status is still UP.



Check the status of the track object 30s later, and verify that the status changes to DOWN.

FS# show track 5
Track 5
rns-list 1,2-5,8 and
The state is Down
2 change, current state last: 10 secs
Delay up 20 secs, down 30 secs

Common Errors

www.fs.com

2248

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



The track object for tracking an RNS instance is configured, but the corresponding RNS instance is not configured.



The track object for tracking the link status of an interface is configured, but the corresponding interface is not configured.



The track object for tracking the status of a track list, but no member of the RNS list is configured.



The track object for tracking the status of an RNS list is configured, but the corresponding RNS instance is not configured.

9.5 Monitoring
Displaying
Description

Command

Displays configurations of one or more

show ip rns configuration [ operation-number ]

RNS instances.
Displays detailed statistics of one or

show ip rns collection-statistics [operation-number]

more RNS instances.
Displays the current RNS status.

show ip rns operational-state [operation-number]

Displays the proactive threshold

show ip rns reaction-configuration [operation-number]

monitoring information of one or more
RNS instances.
Displays information about the test

show ip rns reaction-trigger [operation-number]

triggeredby one or moreRNS instances.
Displays the brief statistics of one or

show ip rns statistics [operation-number]

more RNS instances.
Displays the brief statistics of one or

show track [ object-number ]

more track objects.
Displays the brief statistics of a track

show track client

client.
Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs the track module.

debug track { all | proc-event | rdnd-event | client }

Debugs the RNS module.

debug rns { all | interface | lib | rdnd-event | restart | rns_id [ 0, 500 ] }

10 Configuring PCAP
10.1 Overview
Packet Capture (PCAP) is a maintenance function commonly used in network devices.
Similartothepacketcapturesoftwarerunningonapersonal computer,thePCAPfunctioncancapture,
save, or display the packets sent from and received by the network device.
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10.2 Applications
Application

Description

Capturing Packets

During routine maintenance, if you find packet sending or receiving failures in the network,
specify the capture point and capture direction, enter the packet feature, and start the
packet capture to check whether the packets arrives at the device or are sent from the
device.

10.2.1 CapturingPackets

Scenario
During routine maintenance, if you find packet sending or receiving failures in the network, specify the
capture point and capture direction, enter the packet feature, and start the packet capture to check
whether the packets arrives at the device or are sent from the device.
Deployment
Perform packet capture as follows:



Create a capture feature rule and name it.



Createacapturepointandspecifythecapturepoint name,capturelocation(physicalport,VLAN,andcontrolplane),capture
direction, and capturefeature.



Specify the name of the file to be saved.



Enable packet capture at the capture point.



Wait until the capture ends.



Upload the file to the PC.



Enable the capture software on the PC to check the captured packets.

10.3 Features
Overview
Feature

Description

Capturing Packets on

Clients can define the capture point and specify the capture location and direction, matching rule

Control Plane

information, number of captured packets, and file name; and then enable the capture procedure.

Capturing Packets on

Userscanspecifyrulesof matchingbetweenACLIDsand physical ports(ACLIDsaremandatory and physical

Forwarding Plane

ports are optional), number of to-be-captured packets, name of the file for storing captured packets, and
other information, and then start the packet capture.

10.3.1 Capturing Packets on Control Plane

Clientscan define the capture point and specify the capture location and direction, matching rule
information, number of captured packets,and filename; and then enable thecaptureprocedure.
Working Principle
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Clients can define the capture rules by defining capture points.Tocapture multiple types of packets at
the same time, a client is allowed to define multiple capture points and distinguish them by their names.
The capture rules are as follows:
1)

Thecapturelocationcanbe selectedfromthecertainphysical port,VLAN port,and systemcontrol
plane. Each capture point can only have one capture location.

2)

The availablecapture directions canbe theoutgoing direction, incoming direction, and
bidirectional.

3)

The7-tupleinformationcanmatchthesourceMACaddress,destinationMACaddress,layer-2
protocol type, source IP address, destination IP address, layer-3 protocol type, and TCP/UDP port
information.

4)

The number of captured packets or size of the captured packet can be specified.

5)

The file name can be specified. The captured packet will be saved in PCAP file format.

A client enables capture via commands after the rules are configured.The capture will automatically
stop when the number of captured packets or the file size reaches the specified value, or when timeout
happens. The client can also stop the capture after commands are entered manually.
10.3.2 Capturing Packets on Forwarding Plane

Users can specify rules of matching between ACL IDs and physical ports (ACL IDs are mandatory and physical ports are optional),
number of to-be-captured packets, name of the file for storing captured packets, and other information, and then start the packet
capture.
Working Principle

1.

The rule of matching between ACL IDs and physical ports can be specified for packet capture and physical ports are optional.

2.

Multiple rules of matching between ACL IDs and physical ports can be configured for packet capture.

3.

Packet capture at the ingress is supported.

4.

No packet capture point needs to be specified and 7-tuple matching information is not supported.

5.

The number of to-be-captured packets or the size of the file for storing captured packets can be defined.

6.

Captured packets are stored in a specified file in the PCAP file format. Users can run commands to start packet capture after
configuring rules. The capture automatically stops when the number of captured packets or the file size reaches the specified
value or when timeout occurs. Users can also run commands to manually stop packet capture.

10.4 Configuration
Configuration

Description and Command
packet capture rule rule-name filter
[src-mac smac] [dst-mac dmac][etype type | ip |

Capturing Packets on Control

arp] [ipv4-sip sip sip-mask] [ipv4-dip dip dip-

Plane

mask] [ipv6-sip sipv6 sipv6-prefix] [ipv6_dip

Defines capture matching rule.

dipv6 dipv6-prefix]
[v6_protocol protocol | tcp |udp] [ipv6_sport
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sport] [ipv6_dport dport] [v4_protocol protocol |
tcp |udp] [ipv4_sport sport ] [ipv4_dport dport]
packet capture point capture-point-name rule

Creates the capture point and specifies the

rule-name location{interfaceinterface-name | |

capturelocation,matchingrule,andcapture

control-plane} {in | out | both}

direction.

packet capture file filename
[buffer-size buf-size] [packet-numpkt-num]

Specifies the name of the file to be saved.

[timeouttimeout]
packet capture {start | stop}
packet capture rule rule-name filter acl aclid |
Capturing Packets on
Forwarding Plane

aclname [interfaceinterface-name]
packet capture file filename [buffer-size
buf-size][packet-numpkt-num] [timeouttimeout]
packet capture {start | stop}

Starts/Stops packet capture.
Defines capture matching rule.
Specifies the name of the file to be saved.
Starts/Stops packet capture.

10.4.1 Capturing Packets on Control Plane

Configuration Effect



Define the capture matching rule.



Create the capturepoint.



Specify the name of the file to be saved.



Start packetcapture.



Stop packetcapture.

Configuration Steps



Defining Capture Matching Rule



(Mandatory) Run this command to define the packet capture rule.

Command

packet capture rule rule-name filter [src-mac smac] [dst-mac dmac] [etype type | ip | arp] [ipv4_sip sip sip-mask]
[ipv4_sip dip dip-mask] [ipv6_sip sipv6 sipv6-prefix] [ipv6_dip dipv6 dipv6-prefix][v6_protocol protocol | tcp | udp]
[ipv6_sport sport] [dst-port dport] [v4_protocol protocol | tcp | udp] [ipv4_sport sport ] [dst-port dport]

Parameter

rule-name: Indicates the matching rule name.

Description

smac: Indicates the source MAC address.
dmac: Indicates the destination MAC address.
type | ip | arp: Indicates the layer-2 protocol type.
sip: Indicates the source IP address.
sip-mask: Indicates the source IP address mask.
dip: Indicates the destination IP address.
dip-mask: Indicates the destination IP address mask.
sipv6: Indicates the source IPv6 address.
sipv6-prefix: Indicates the source IPv6 prefix.
dipv6: Indicates the destination IPv6 address.
sipv6-prefix: Indicates the destination IPv6 prefix.
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protocol | tcp | udp: Indicates the layer-3 protocol type.
sport: Indicates the TCP/UDP protocol source port.
dport: Indicates the TCP/UDP protocol destination port.
Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide

1. The user can define multiplecapture rules and distinguishthem by different names. After a rule is defined, the rule
needs to be referenced by the packet capture point to actually take effect.
2. Before deleting the capture rule, all the packet capture points referencing the rule need to be deleted.



Creating Capture Point



(Mandatory) Run this command to create the capture point.

Command

packet capture point capture-point-name rule rule-name location {interface interface-name | control-plane} {in |
out | both}

Parameter

capture-point-name: Indicates the capture point name.

Description

rule-name: Indicates the matching rule name, which is defined by running the packet capture rule command.
interface-name: Indicates the name of the port on which packets are captured.
vlan-id: Indicates the ID of the VLAN in which packets are captured.
control-plane: Indicates the control plane on which packets are captured.
in | out | both: Indicates the capture direction (incoming, outgoing, or bidirectional).

Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide

1. The user can define multiple capture points at the same location as required to match different capture rules or
packet directions. The capture points can work simultaneously without affecting each other.
2. If the capture point is modified during packet capture, the modification will not take effect immediately and will
take effect next time when packet capture is enabled.



Specifying Name of File to Be Saved



(Optional) Run this command to specify the name of the file to be saved.

Command

packet capture file filename [buffer-size buf-size] [packet-num pkt-num] [ timeout timeouf]

Parameter

filename: Indicates the name of the file to be saved.

Description

buf-size: Indicates the buffer size. The buffer size is 2 MB by default if not specified. Packet capture automatically stops
when the buffer is full. Up to 200M buffer is supported.
pkt-num:Indicatesthenumberofcapturedpackets.Packetcaptureautomaticallystopswhenthenumberof
capturedpacketsreachesthespecifiednumber.1024packetswillbecapturedcontinuallybydefaultunless
otherwise specified.
timeout: Indicates packet capture timeout. Packet captureautomatically stops when the timeof captured packets
reaches the specified number. The default packet capture time is 10 minutes unless otherwise specified. The longest
continually packet capture time is 120 minutes.

Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide
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Starting/Stopping Packet Capture



(Mandatory) Enter this command to start or stop packet capture.

Command

packet capture { start | stop}

Parameter

start | stop: Starts/Stops packet capture.

Description
Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide

1. If the packet capture stop command is not entered after packet capture starts, the packet capture automatically
stops at the capture point when thenumber of captured packets reaches thespecified number.If the packet capture
stop condition is not met, run this command to immediately stop the packet capture.
2. Run the packet capture start command to capture packets at all packet capture points simultaneously.

Verification
Run the show packet capture status command to display packet capture information.
Command

show packet capture status

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Run this command to display the packet capture status.

Command
Presentation

FS#show packet capture status

Capture rules:
Capture rules tcp:
etype: 0x0800
source MAC: 2222.2222.2222
destination MAC: 1111.1111.1111
protocol: 0x6
source IP: 10.10.10.3
destination IP: 10.10.10.10
source port: 5
destination port: 10

Capture points:
Capture point controlplane:
Capture rules: tcp

www.fs.com

2254

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

location: control-plane
direction: all

Capture file:
Filename: /tmp/tcp.pcap
Buffer size: 2(MB)
Capture Statistic:
Status: stop
Stop reason: Normal
Start time: 2017-5-20 9:24:19
End time: 2017-5-20 9:28:19
Timeout: 10(minutes)
Packets limit: 1024
Packet capture cnts:10
FS#
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Configuration Example



Capturing Packets

Scenario



In the client environment, the TCP connection of a certain application on a device connected to Port 0/1 fails,
TCP packets need to be captured on this port for analysis.

Configuration



Run the packet capture command to capture and save TCP packets to the file tcp.pcap and upload the file to a
PC to display the captured data.

Steps

FS# packet capture rule tcp etype ip protocol tcp
FS# packet capture point tcppoint rule tcp location interface gi0/1 both
FS# packet capture file usb0:tcp.pcap packet-num 1500
FS# packet capture start
Verification

FS#show packet capture status

Capture rules:
Capture rules tcp:
etype: 0x0800
protocol: 0x6
Capture points:
Capture point tcppoint:
Capture rules: tcp
location: Gi0/1
direction: all
Capture file:
Filename: /mnt/usb0/tcp.pcap
Buffer size: 2(MB)
Capture Statistic:
Status: running
Timeout: 10(minutes)
Packets limit: 1500
Packet capture cnts:10

10.4.2 Capturing Packets on Forwarding Plane

Configuration Effect



Define the capture matching rule.



Specify the name of the file to be saved.
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Start packetcapture.



Stop packetcapture.

Configuration Steps



Defining Capture Matching Rule



(Mandatory) Run this command to define the packet capture rule.

Command

packet capture rule rule-name filter acl aclid [ interfaceinterface-name ]

Parameter

rule-name: Indicates the matching rule name.

Description

aclid: Indicates the ACL ID or name.
interface-name: Indicates the interface.

Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide

The user can define multiple capture rules and distinguish them by different names. After a rule is defined, the rule
needs to be referenced by the packet capture point to actually take effect.



Specifying Name of File to Be Saved



(Optional) Run this command to specify the name of the file to be saved.

Command

packet capture file filename [ buffer-size buf-size ] [ packet-num pkt-num ] [ timeout timeouf ]

Parameter

filename: Indicates the name of the file to be saved.

Description

buf-size: Indicates the buffer size. The buffer size is 2 MB by default if not specified. Packet capture automatically stops
when the buffer is full. Up to 200 MB buffer is supported.
pkt-num:Indicatesthenumberofcapturedpackets.Packetcaptureautomaticallystopswhenthenumberof
capturedpacketsreachesthespecifiednumber.1024packetswillbecapturedcontinuallybydefaultunless
otherwise specified.
timeout: Indicates packet capture timeout. Packet capture automatically stops when the time of captured packets
reaches the specified number. The default packet capture time is 10 minutes unless otherwise specified. The longest
continually packet capture time is 120 minutes.

Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide

1. The file name setting takes effect next time packet capture is enabled.



Starting/Stopping Packet Capture



(Mandatory) Enter this command to start or stop packet capture.

Command

packet capture { start | stop }

Parameter

start | stop: Starts/Stops packet capture.

Description
Defaults

-

Command

Privileged EXEC mode

Mode
Usage Guide
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stops at the capture point when the number of captured packets reaches the specified number. If the packet capture
stop condition is not met, run this command to immediately stop the packet capture.
Verification
Run the show packet capture status command to display packet capture information.
Command

show packet capture status

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

Run this command to display the packet capture status.

Command

FS#show packet capture status

Presentation

Capture rules:
Capture rules rule1:
acl_id: 1

Capture file:
Filename: /tmp/vsd/0/test.pcap
Buffer size: 2(MB)

Capture Statistic:
Status: stopped
Stopped reason: Normal
Timeout: 10(minutes)
Packets limit: 1024
Write file packet count: 0
FS#
Configuration Example



Capturing Packets

Scenario



In the client environment, a traffic error occurs to interface 0/1. Traffic may not reach the device. Therefore,
packets need to be captured on this port for analysis.

Configuration
Steps



Run the packet capture command to capture and save TCP packets to the file tcp.pcap and upload the file to a
PC to display the captured data.

FS(config)#access-list 100 permit tcp host 1.1.1.1 any
FS(config)#exit
FS#packet capture rule rule1 filter acl 100 interface tenGigabitEthernet 0/1
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FS# packet capture file usb0:tcp.pcap packet-num 1500
FS# packet capture start
Verification
FS#show packet capture status

Capture rules:
Capture rules rule1:
acl_id: 100
acl_ifx: TenGigabitEthernet 0/1

Capture file:
Filename: /tmp/vsd/0/test.pcap
Buffer size: 2(MB)

Capture Statistic:
Status: running
Start time: 2018-6-4 16:34:55
Timeout: 10(minutes)
Packets limit: 1024
Write file packet count: 4

10.5 Monitoring
Displaying
Description

Command

Displays the packet capture status.

show packet capture status

10.6 Restrictions on the Packet Capture Function
1.

Packet capture cannot be configured on the MGMT port but on physical ports.

2.

Packet capture cannot be configured on SVIs or VSL interfaces.

3.

The packet capture configuration cannot be saved.
1)

The packet capture configuration is lost after the efmp_frame.elf process or device is restarted.

2)

VSU configuration cannot be synchronized. If packet capture is configured on the active VSU, the
packet capture configuration will be lost after active/standby switchover.

4.

Interfaces of non-master member devices cannot be configured as packet capture interfaces. Aggregation port (APs) whose
member ports include interfaces of non-master member devices can be configured as packet capture interfaces.
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5.

Either control plane packet capture rules or forwarding plane packet capture rules can be configured at a time. The two types of
rules are mutually exclusive.

6.

Packet capture is available only when the permit entry is configured in forwarding plane ACL rules. The deny entry in rules does
not support packet capture by default.

7.

The forwarding plane PCAP function takes effect only on incoming packets. It does not send outgoing packets to the CPU.

8.

Packet capture on APs (depending on project requirements):
(1)

On devices used in early projects such as N18000_FSOS 11.3(1)B1 R(M08282403212015), the forwarding plane packet
capture function is available only on physical ports but unavailable on APs.

(2)

On certain devices used in some released projects such as N8560_FSOS 11.0(5)B9P43 R(M10544905142019), packet
capture can be enabled on APs by running commands (some products do not support packet capture on member ports of
APs due to chip limitations).

(3)

On devices used in new projects such as FSOS 11.0(5)B9P36 R(M20524506292019), packet capture is supported on APs
(including member ports).

11 Configuring HAM
11.1 Overview
1.

The High Availability Module (HAM) is a high availability technology of the system.

2.

HAM can start a process when it exits.

3.

HAM detects whether a process exits after the device is started. If a process that registers with the HA service exits frequently,
HAMstartsthe HAserviceand automaticallyrestartsthedevice.Toaddresspossibleabnormalitiesinthepatch-based upgrade,
CLI commands are added to enable/disable the HA service of a process that restarts frequently.

Protocols and Standards



HAM is a proprietary protocol.

11.2 Applications
Application

Description

HA Service for Starting a Process When For a process that registers with the HA service, HAM starts the process when detecting the
the Process Exits

process exit.

HA Service of a Process That Restarts

1. Before patches are used for an upgrade, you can stop the HA service of a process that

Frequently

restarts frequently.
2. After the patch-based upgrade is completed, confirm that no process restarts frequently
and then start the HA service of the process that restarts frequently.

11.2.1 HA Service for Starting a Process When the Process Exits

Scenario
A process may exit in case of abnormalities. HAM can start this process.
Deployment
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On all devices in the system, run the HA service that starts a process when the process exits.

11.2.2 HA Service of a Process That Restarts Frequently

Scenario
Originally, the purpose of importing the HA service of a process that restarts frequently is to clear
frequent restart abnormalities of the process by restarting devices in some cases.
A process may restart under some abnormal conditions during a patch-based upgrade. If the device
automaticallyrestarts,trafficinterruptioncanbe caused. Some usersdesiretoconfigure CLI commands
to enable/disable the HA service of a process that restarts frequently.
If the HA service of a process that restarts frequently is disabled by a command, frequent restart abnormalities of some
processes may not be cleared because the device does not restart automatically, resulting in a longer failure time.
Deployment



Onall devices inthe system, run the HA service of a process that restarts frequently. Use CLI commands on the master deviceto
enable/disable this service and synchronize the service status to other non-master devices.

11.3 Features
Basic Concepts



HAM
The HAM provides a high availability service for user processes.

Overview
Feature

Description

HAM

Includes the HA service that starts a process when the process exits and the HA service of a process that
restarts frequently.

11.3.1 HAM

A process may exit under some abnormal conditions. If the process is not started, some services will
become unavailable. HAM can start the process in such circumstances, thereby restoring services.
Working Principle
HAM perceives the exit of a process by listening to kernel advertisements and starts the process to
restore services. If a process exits five times in two minutes, the HAM tries to start the process five
minutes later. If two prompts, asking the HAM to start a process five minutes later, are displayed within
ten minutes, it is deemed that services cannot be restored and the device needs to be restarted to
restore the services.

11.4 Configuration
Configuration
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Disabling this HA service can lead to a longer failure time when a process frequently restarts.
Enabling and Disabling the HA

Therefore, you are not recommended to disable the configuration in scenarios other than

Service of a Process That

patch-based upgrades.

Restarts Frequently
ham single-process-ha auto-restart enable

Enables the HA service of a process that restarts
frequently.

11.4.1 Enabling and Disabling the HA Service of a Process That Restarts Frequently

Configuration Effect



Enable the HA service of a process that restarts frequently so that the system tries to automatically restart the device to restore
services.

Notes



It is not recommended to disable the HA service of a process that restarts frequently.

Configuration Steps



Enabling the HA Service of a Process That Restarts Frequently



Optional. This feature can be used in a patch-based upgrade, to prevent device reset due to patch-based upgrade abnormalities.

Command

ham single-process-ha auto-restart enable

Parameter

N/A

Description
Defaults

The HA service of a process that restarts frequently is enabled by default.

Command

Global configuration mode

Mode
Usage Guide

This feature can be disabled before a patch-based upgrade. After the patch-based upgrade is completed, confirm that no
process restarts frequently and then enable this feature.

Verification
Run the show running-config | include ham command to display the current HAM configuration.
Command

show running-config | include ham

Parameter

N/A

Description
Command

Privileged EXEC mode

Mode
Usage Guide

This feature is enabled by default and the configuration is not displayed. If this feature is disabled, the configuration is
displayed in the device running configuration.

Command
Presentation
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Configuration Example



Enabling and Disabling the HA Service of a Process That Restarts Frequently

Scenario

The master device for running CLI configuration commands exists.

Configuration



Inglobalconfiguration mode, run the noham single-process-ha auto-restart enablecommand to disablethe HA
service of a process that restarts frequently.

Steps



In global configuration mode, run the ham single-process-ha auto-restart enable command to enable the HA
service of a process that restarts frequently.

Master Device

FS# configure terminal
Enterconfigurationcommands,one per line. EndwithCNTL/Z.
FS(config)# no ham single-process-ha auto-restart enable
FS(config)# show running-config | include ham
no ham single-process-ha auto-restart enable
FS(config)# ham single-process-ha auto-restart enable
FS(config)# show running-config | include ham
FS(config)#

Verification

Run the show running-config | include ham command to check whether the ham single-process-ha auto-restart
enable configuration exists. The configuration is not displayed if this feature is enabled but displayed if this feature is
disabled.

Master Device

FS#show running-config | include ham
no ham single-process-ha auto-restart enable

Common Errors



N/A

11.5Monitoring
Displaying
Description

Command

Displays the current configuration.

show running-config | include ham

12 Configuring VAP (MLAG)
12.1 Overview
A Virtual Aggregate Port (VAP) and Multi-Chassis Link Aggregation (MLAG) are composed of two APs on
two independent devices.
For other devices accessed through thisVAP,the twodevices can be considered as one logic device and
the two APs of the VAP can be considered as one AP, thereby raising the link reliability from the board
level to the device level. See the figure below.
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Figure 12-1 VAP

Another similar technology is Virtual Switching Unit (VSU), which virtualizes multiple devices into one
device. Compared with VSU, the VAP technology has the following advantages:


Stacking is discarded and only layer-2 virtualization is required. The two devices are still
independent of each other.The VAPreduces deployment difficulties and eliminates shortcomings
brought by device stacking (for example, the software failure of the master device may make both
devices unavailable).



Devices can be upgraded independently without affecting the normal operation of the other
device.

12.2 Applications
Application
Connecting to an

Description
IP Network in

The two devices of a VAP are connected to an IP network in uplink direction, to implement

Dual-Homing Mode

load balancing of network traffic.

Connecting to a Centralized VXLAN

The server connects to the network in VXLAN mode and the overlay gateway is configured on

Network in Dual-Homing Mode

the core switch.

12.2.1 ConnectingtoanIPNetworkinDual-HomingMode

Scenario
The server connects to a network through VAP in dual-homing mode and the server gateway is
configured on theVAPdevices.The uplink traffic of the server is balanced to two access devices through
APs.The downlink traffic is balanced to two accessdevices through ECMP and then locally forwarded to
the server.
Figure 12-2 Connecting a VAP to an IP Network
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Remarks

AP1 and AP2 are added to the same VAP and are connected to layer-3 devices in uplink direction through routing interfaces
and to a server or layer-2 switch in downlink direction.

Deployment



Configure the same VAP domain on the two devices.



Configure the same VAP for AP1 and AP2.

12.2.2 Connecting to a VXLAN Network in Dual-Homing Mode

Scenario
The server connects to a VXLAN network through VAP in dual-homing mode and the server gateway is
configured on the core switch. The uplink traffic of the server is balanced to two access devices through
APs.The downlink traffic is balanced to two accessdevices through ECMP and then locally forwarded to
the server.
Figure 12-3 Connecting a VAP to a Centralized VXLAN Network
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Remarks

AP1 and AP2 are added to the same VAP and are connected to a server or layer-2 switch in downlink direction.

Deployment



Configure the same VAP domain on the two devices.



Configure the same VAP for AP1 and AP2.



Configure VXLAN access and configure the gateway on the core switch.

12.3 Features
Basic Concepts



VAP
APs on two independent devices form a VAP and only layer-2 APs are supported. Only one AP of a
device can be added to the same VAP. One VAP can contain two APs at most.



VAP Member Interface
A member interface of a VAP is an AP added to the VAP. A local AP is called the VAP local member
interface and a remote AP is called the VAP remote member interface.



Peer-link
The peer-link is a link between two devices of a VAP to synchronize data and transmit some traffic. The
peer-link is also an AP. In order to enhance the reliability of the peer-link, you are recommended to
configure the AP, to which the peer-link belongs, with two or more physical ports. For chassis devices,
multiple physical ports should be deployed on different boards to reduce the impact of a board failure.



Peer-link Interface
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A peer-link interface is a physical port of the peer-link.



VAP Domain
AVAPdomainconsistsoftwoVAPdevicesconnectedthroughthepeer-link.The twodevicesmustshare
the same domainID.



Dual-Active Detection Link
A dual-active detection link is used to detect the dual-active status of VAP devices when the peer-link
fails.



HB Channel
AHot-Backup (HB) channel is aTCP connection-based transmission channel established between two
VAPdevices. The VAPtransmits and receives negotiation packets and data through this channel.

Overview
Feature
VAP

Description
System A VAP system is built on two devices via negotiation.

Negotiation
Preferential

Local Traffic balanced to VAP devices is preferentially forwarded through the local member interface. When the

Forwarding

local member interface malfunctions, the traffic is forwarded through the peer-link.

Anti-Loop Mechanism

When the VAP remote member interface works properly, the traffic of the peer-link is not forwarded to the
local member interface. When the VAP remote member interface malfunctions, the traffic of the peer-link
needs to be forwarded to the local member interface.

12.3.1 VAP System Negotiation

Working Principle
The basis of VAP application is that two devices pair with each other to form a system and provide
inter-device aggregation capability. The process is as follows:
1.

System pairing

After the domain ID, peer-link, and peer-link-based layer-3 channel are configured for the two VAP
devices, the devices synchronize the domain ID with each other through the layer-3 channel. After
receiving a synchronization message, a device checks whether the domain ID is consistent with its local
domain ID. If yes, the two devices pair with each other successfully.
2.

Master/slave negotiation

After successful pairing, the devices elect the master and slave roles based on their priority. The device
with a higher priority is elected as the master device. If they share the same priority, the device with a
smaller MAC address is elected as the master device.
When both the master and slave devices work properly, packet forwarding is not different on them but different in failure
scenarios. For example, when the peer-link is faulty, the VAP between the two devices fails. To avoid abnormal forwarding of
traffic from access devices, the system shuts down service ports on the slave device and switches traffic to the master device.
3.
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After successful VAP negotiation, the two devices synchronize forwarding entries mutually such as MAC
entries and ARP entries, to ensure active-active forwarding.
4.

Dual-active detection

After the VAP runs properly, heartbeat packets are sent periodically between the two devices to detect
the availability of the dual-active link. When the dual-active link is detected to be faulty, if the peer-link
works properly, a prompt is displayed, reminding users to check the dual-active link.
When the peer-link is faulty, the devices send dual-active detection packets to each other:


Ifa devicereceives a detection response packet,dual master devices exist,and service interfaces
(interfaces other than MGMT ports, peer-link interfaces, and stacked interfaces) on the slave
device will be forced to enter error down state. To prevent an interface from entering error down
state, you can configure it as an exceptional interface, for example, the interface for dual-active
detection.



If no detection response packet is received, the peer device is faulty.



Ifthelocaldeviceistheslavedevice,itbecomesthemasterdevice.



Ifthe localdeviceis themaster device,it doesnot takeany actions.

12.3.2 Preferential Local Forwarding

The peer-link can be understood as a backup link. When the network is stable and free of failures,
service traffic is preferentially forwarded through the VAP local member interface. It should not be
forwarded through the peer-link unless it is broadcast traffic. When the local member interface fails,
service traffic needs to be forwarded through the peer-link. See the figure below.
Figure 12-4 Forwarding by the VAP Local Member Interface

Figure 12-5 Failure of the VAP Local Member Interface
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12.3.3 Anti-Loop Mechanism

When an access device connects to a network through VAP in dual-homing mode, the two APs of the
VAP are distributed on two independent devices, and independent forwarding by the two APs may
result in a loop or receiving of double packets. VAP anti-loop rules are configured as follows:
1.

When the VAP remote member interface works properly, traffic from the peer-link is not forwarded to the local member
interface. See the figure below.
Figure 12-6 Peer-link Traffic Loop Prevention

2.

When the VAP remote member interface fails, traffic from the peer-link needs to be forwarded to the local member interface.
See the figurebelow.
Figure 12-7 Peer-link Traffic Loop Release
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12.4 Configuration
Configuration

Description and Command

Configuring Basic Functions of
VAP

Mandatory:
vap domain

Configures a VAP domain.

peer-link

Configures the peer-link.

vap

Adds an AP to the VAP.

data-sync

Configures a data synchronization channel.

Optional:
Priority
Configuring

Dual-Active

Detection

Configures the priority.

Mandatory:
peer-keepalive

Configures a heartbeat link.

Optional:

Configuring

the

peer-keepalive hold-time

Configures the heartbeat holding time.

dual-active auto recovery

Configures dual-active automatic recovery.

vap error-down except

Configures an error down exceptional interface.

recover up-delay

Configures the interface recovery delay.

Domain

Matching Delay

Optional:
domain-match delay

Configuring Convergence

Configures the domain matching delay.

Optional:
fast-convergence

Configures fast convergence.

12.4.1 ConnectingtoanIPNetworkinDual-HomingMode

Configuration Effect



Two devices pair with each other to form a VAP system. The links of access devices are aggregated and connected to the VAP
system in dual-homing mode.
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Traffic fromVAPdevices to access devices is first forwarded through the local VAPinterface. When the local VAPinterface fails,
the traffic is forwarded to the VAP peer device.



The server is connected to two independent network devices in dual-homing mode to form an active-active forwarding system.
If a device malfunctions, user services can be still forwarded normally.

Notes



The server is connected to the network in dual-homing mode and interfaces on the two devices need to be added to the same
VAP.




It is recommended that the peer-link between the two devices be configured to allow all VLAN traffic to pass.
You are advised to configure multiple physical links for the peer-link. For chassis devices, you should deploy physical links on
different boards to avoid the impact of a board failure on the network.

Configuration Steps



Configuring a VAP Domain




Mandatory.
Perform the configuration on both network devices that provide dual-homing access.

Command

vap domain domain-id

Parameter

domain-id: Indicates the domain ID. The value ranges from 1 to 255.

Description
Defaults

No domain ID is configured by default.

Command

Global configuration mode

Mode
Usage Guide

Only one domain ID can be configured on one device. VAP negotiation succeeds only when domain IDs on two devices
are the same.



Configuring the Peer-link



Mandatory.

Command

peer-link

Parameter

N/A

Description
Defaults

An AP is not the peer-link by default.

Command

Interface configuration mode

Mode
Usage Guide

When all member ports composing an AP of a VAP fail, traffic will be switched to the peer-link. When the remote member
interface of a VAP works properly, traffic from the peer-link is not forwarded through the local member interface, in an
effort to prevent loops. When the remote member interface of the VAP fails, traffic from the peer-link needs to be
forwarded through the local member interface.



AddinganAP totheVAP




Mandatory.
One AP can be added to only one VAP and different APs on the same device must be added to different VAPs.

Command

vap vap-id

Parameter

vap-id: Indicates the ID of a VAP. The value ranges from 1 to 65,535.
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Description
Defaults

An AP is not added to a VAP by default.

Command

Interface configuration mode

Mode
Usage Guide

The two APs on the two network devices that provide dual-homing access must be added to the same VAP.



Configuring a Data Synchronization Channel



Mandatory.

Command

data-sync local { ip-address | ipv6-address } peer { ip-address | ipv6-address }

Parameter

local{ip-address|ipv6-address }:Indicates the localIP address.

Description

peer{ip-address |ipv6-address }:Indicates the peer IP address.

Defaults

No data synchronization channel is configured by default.

Command

VAP domain configuration mode

Mode
Usage Guide

Data is synchronized between VAP devices through a layer-3 IP network and this configuration is required on each VAP
device.
Either IPv4 or IPv6 addresses can be configured.



Configuring a Heartbeat Link



Mandatory.

Command

peer-keepalivelocal{ip-address|ipv6-address}peer{ip-address|ipv6-address}[interface-typeinterface-number ]

Parameter

ip-address: Indicates the IPv4 address used for heartbeat detection.

Description

ipv6-address: Indicates the IPv6 address used for heartbeat detection.
interface-type: Indicates the interface type. Only MGMT interfaces are supported.
interface-number: Indicates the interface number. All MGMT interfaces are supported.

Defaults

No heartbeat link is configured by default.

Command

VAP domain configuration mode

Mode
Usage Guide

When the peer-link fails but the heartbeat link is normal, interfaces other than the MGMT interface, heartbeat interface,
peer-link interface, and stacked interface on the slave device are triggered to enter the error down state. The interfaces
return to the normal state after the peer-link is restored.
Either IPv4 or IPv6 addresses can be configured.



Configuring the Priority



Optional.

Command

priority priority

Parameter

priority: Indicates the priority.

Description
Defaults

The default priority is 4.

Command

VAP domain configuration mode

Mode
Usage Guide

VAP devices negotiate to determine their master/slave state after establishing communication. The master/slave
negotiation rules are as follows:
1)
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2)

If the devices share the same priority, the device with a smaller MAC address is elected as the master device.



Configuring the Heartbeat Holding Time



Optional.

Command

peer-keepalive hold-time interval

Parameter

interval: Indicates the heartbeat holding time.

Description
Defaults

The default heartbeat holding time is 3s.

Command

VAP domain configuration mode

Mode
Usage Guide

After the peer-link fails, the heartbeat link is retained for a period of time by default. After the time expires, if the
heartbeat link is still normal, service interfaces on the slave device will enter error down state.



Configuring the Interface Recovery Delay



Optional.

Command

recover up-delay interval [none-vap none-vap-interval]

Parameter

interval: Indicates recovery delay of VAP interfaces, in seconds. The value ranges from 0 to 3,600.

Description

none-vap-interval: Indicates the recovery delay of non-VAP interfaces, in seconds.The value ranges from0 to 3,600.

Defaults

The default recovery delay of VAP interfaces is 120s.
There is no delay in the recovery of non-VAP interfaces by default.

Command

VAP configuration mode

Mode
Usage Guide

When the peer-link failure is rectified and devices are restarted, VAP interfaces are restored with a delay of 120s while
non-VAP interfaces are restored without delay.



Configuring an Exceptional Port for Dual-Active Detection



Optional.

Command

vap error-down except

Parameter

N/A

Description
Defaults

No exceptional port for dual-active detection is configured by default.

Command

Interface configuration mode

Mode
Usage Guide

After the VAP detects the dual-active mode, it brings physical ports on the slave device to the error down state. To
prevent an interface from entering error down state, you can run this command to configure it as an exceptional port.
Within the interface recovery delay, physical ports are still in error down state.



Configuring Fast Convergence Mode



Optional.

Command

fast-convergence

Parameter

N/A

Description
Defaults

Fast convergence is enabled by default.

Command

VAP configuration mode
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Mode
Usage Guide

After fast convergence is configured, the VAP fault convergence time is minimized. However, there may be considerable
packets instantaneously, for example, flooding may occur.



Configuring Dual-Active Automatic Recovery



Optional.

Command

dual-active auto recovery

Parameter

N/A

Description
Defaults

Dual-active automatic recovery is not configured by default.

Command

VAP configuration mode

Mode
Usage Guide

Whenthe dual-active mode is detected, interfaces on the slave deviceare shut down. If dual-active automatic recovery is
enabled, after the master device malfunctions, service interfaces on the slave device are restored.
When the MGMT port is configured to detect the dual-active mode, dual-active automatic recovery is enabled
automatically. When a service interface is configured to detect the dual-active mode, dual-active automatic recovery is
disabled by default. You can determine whether to enable this function based on the deployment scenario:
1)

When the dual-active detection port is a port that directly connects two devices, configure the directly connected
port as an exceptional port for dual-active detection (by running the vap dad-down except command), and then
enable dual-active automatic recovery.

2)

If the dual-active detection port is not a directly connected port of two devices (for example, uplink port),
dual-active automatic recovery cannot be enabled. Otherwise, repeated flapping will occur during dual-active
detection.

Verification



Run the show vap [ id ] command to display the two APs in the VAP. One is the local AP and the other is the remote AP.

Command

show vap [ id ]

Parameter

Indicates the ID of a VAP. The value ranges from 1 to 65,535.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide
Command
Presentation

This command is used to display information about a VAP.
FS#show vap
Vap domain: 245, Dev id: 2
Vap groups: 1

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/21 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 1/0/21 is UP
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For details about fields shown by the show command, see the command manual of the corresponding feature.
Configuration Example



Connecting to an IP Network in Dual-Homing Mode

Scenario
Figure 12-8

Configuration



Configure interface IP addresses for all devices (omitted).

Steps



Configure a dynamic routing protocol (such as OSPF) on TOR1, TOR2, and core switch (omitted).



Configure a VAP on TOR1 and TOR2.

TOR1

T1# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat layer-3 IP address.
T1(config)# intvlan 100
T1(config-if-VLAN 100)# ip address 192.168.1.1/24
T1(config-if-VLAN 100)# exit
T1(config)# int mgmt 0
T1(config-if-Mgmt 0)# ip address 192.168.2.1/24
T1(config-if-Mgmt 0)# exit
Configure a VAP domain, data synchronization channel, and heartbeat channel.
T1(config)# vap domain 1
T1(config-vap)# data-sync local 192.168.1.1 peer 192.168.1.2
T1(config-vap)# peer-keepalive local 192.168.2.1 peer 192.168.2.2 mgmt 0
T1(config-vap)# exit
Configure physical member ports for peer-link APs.
T1(config)# interface TenGigabitEthernet 0/4
T1(config-if-TenGigabitEthernet 0/4)# port-group 1
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T1(config-if-TenGigabitEthernet 0/4)# exit
T1(config)# interface TenGigabitEthernet 0/5
T1(config-if-TenGigabitEthernet 0/5)# port-group 1
T1(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
T1(config)# interface AggregatePort 1
T1(config-if-AggregatePort 1)# switchport mode trunk
T1(config-if-AggregatePort 1)# switchport tr allowed vlan all
T1(config-if-AggregatePort 1)# peer-link
T1(config-if-AggregatePort 1)# exit
Add downlink interface Te0/2 to AP2 and AP2 to VAP2.
T1(config)# interface TenGigabitEthernet 0/2
T1(config-if-TenGigabitEthernet 0/2)# port-group 2
T1(config-if-TenGigabitEthernet 0/2)# exit
T1(config)# interface AggregatePort 2
T1(config-if-AggregatePort 2)# switchport access vlan 2
T1(config-if-AggregatePort 2)# vap 2
T1(config-if-AggregatePort 2)# exit
Add downlink interface Te0/3 to AP3 and AP3 to VAP3.
T1(config)# interface TenGigabitEthernet 0/3
T1(config-if-TenGigabitEthernet 0/3)# port-group 3
T1(config-if-TenGigabitEthernet 0/3)# exit
T1(config)# interface AggregatePort 3
T1(config-if-AggregatePort 3)# switchport access vlan 3
T1(config-if-AggregatePort 3)# vap 3
T1(config-if-AggregatePort 3)# exit
Configure a VRRP active-active gateway.
T1(config)# vlan 2
T1(config-vlan)# exit
T1(config)# interface vlan 2
T1(config-if-VLAN 2)# ip address 30.30.2.1/24
T1(config-if-VLAN 2)# vrrp 1 ip 30.30.2.1
T1(config-if-VLAN 2)# vrrp mode dual-active
T1(config-if-VLAN 2)# exit
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T1(config)# vlan 3
T1(config-vlan)# exit
T1(config)# interface vlan 3
T1(config-if-VLAN 2)# ip address 30.30.3.1/24
T1(config-if-VLAN 2)# vrrp 1 ip 30.30.3.1
T1(config-if-VLAN 2)# vrrp mode dual-active
T1(config-if-VLAN 2)# exit
Configure a Monitor Link, with the uplink interface of Te0/1 and downlink interfaces of Te0/2 and Te0/3.
T1(config)# link state track 1 up-delay 60
T1(config)# interface TenGigabitEthernet 0/1
T1(config-if-TenGigabitEthernet 0/1)# link state group 1 upstream
T1(config-if-TenGigabitEthernet 0/1)# exit
T1(config)# interface TenGigabitEthernet 0/2
T1(config-if-TenGigabitEthernet 0/2)# link state group 1 downstream
T1(config-if-TenGigabitEthernet 0/2)# exit
T1(config)# interface TenGigabitEthernet 0/3
T1(config-if-TenGigabitEthernet 0/3)# link state group 1 downstream
T1(config-if-TenGigabitEthernet 0/3)# exit
TOR-2

T2# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat layer-3 IP address.
T2(config)# intvlan 100
T2(config-if-VLAN 100)# ip address 192.168.1.2/24
T2(config-if-VLAN 100)# exit
T2(config)# int mgmt 0
T2(config-if-Mgmt 0)# ip address 192.168.2.2/24
T2(config-if-Mgmt 0)# exit
Configure a VAP data synchronization channel and heartbeat channel.
T2(config)# vap domain 1
T2(config-vap)# data-sync local 192.168.1.2 peer 192.168.1.1
T2(config-vap)# peer-keepalive local 192.168.2.2 peer 192.168.2.1 mgmt 0
T2(config-vap)# exit
Configure physical member ports for peer-link APs.
T2(config)# interface TenGigabitEthernet 0/4
T2(config-if-TenGigabitEthernet 0/4)# port-group 1
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T2(config-if-TenGigabitEthernet 0/4)# exit
T2(config)# interface TenGigabitEthernet 0/5
T2(config-if-TenGigabitEthernet 0/5)# port-group 1
T2(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
T2(config)# interface AggregatePort 1
T2(config-if-AggregatePort 1)# switchport mode trunk
T2(config-if-AggregatePort 1)# switchport tr allowed vlan all
T2(config-if-AggregatePort 1)# peer-link
T2(config-if-AggregatePort 1)# exit
Add downlink interface Te0/2 to AP2 and AP2 to VAP2.
T2(config)# interface TenGigabitEthernet 0/2
T2(config-if-TenGigabitEthernet 0/2)# port-group 2
T2(config-if-TenGigabitEthernet 0/2)# exit
T2(config)# interface AggregatePort 2
T2(config-if-AggregatePort 2)# switchport access vlan 2
T2(config-if-AggregatePort 2)# vap 2
T2(config-if-AggregatePort 2)# exit
Add downlink interface Te0/3 to AP3 and AP3 to VAP3.
T2(config)# interface TenGigabitEthernet 0/3
T2(config-if-TenGigabitEthernet 0/3)# port-group 3
T2(config-if-TenGigabitEthernet 0/3)# exit
T2(config)# interface AggregatePort 3
T2(config-if-AggregatePort 3)# switchport access vlan 3
T2(config-if-AggregatePort 3)# vap 3
T2(config-if-AggregatePort 3)# exit
Configure a VRRP active-active gateway.
T2(config)# vlan 2
T2(config-vlan)# exit
T2(config)# interface vlan 2
T2(config-if-VLAN 2)# ip address 30.30.2.2/24
T2(config-if-VLAN 2)# vrrp 1 ip 30.30.2.1
T2(config-if-VLAN 2)# vrrp mode dual-active
T2(config-if-VLAN 2)# exit
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T2(config)# vlan 3
T2(config-vlan)# exit
T2(config)# interface vlan 3
T2(config-if-VLAN 2)# ip address 30.30.3.2/24
T2(config-if-VLAN 2)# vrrp 1 ip 30.30.3.1
T2(config-if-VLAN 2)# vrrp mode dual-active
T2(config-if-VLAN 2)# exit
Configure a Monito Link, with the uplink interface of Te0/1 and downlink interfaces of Te0/2 and Te0/3.
T2(config)# link state track 1 up-delay 60
T2(config)# interface TenGigabitEthernet 0/1
T2(config-if-TenGigabitEthernet 0/1)# link state group 1 upstream
T2(config-if-TenGigabitEthernet 0/1)# exit
T2(config)# interface TenGigabitEthernet 0/2
T2(config-if-TenGigabitEthernet 0/2)# link state group 1 downstream
T2(config-if-TenGigabitEthernet 0/2)# exit
T2(config)# interface TenGigabitEthernet 0/3
T2(config-if-TenGigabitEthernet 0/3)# link state group 1 downstream
T2(config-if-TenGigabitEthernet 0/3)# exit
Verification
T1

Run the show vap command to display the two APs in the same VAP. The APs should be in the normal state.
T1# show vap
Vap domain: 1, Dev id: 1
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP

Vap 3
Local AggregatePort 3 is UP
TenGigabitEthernet 0/3 is UP
Remote AggregatePort 3 is UP
TenGigabitEthernet 0/3 is UP

www.fs.com

2279

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

T2

T2# show vap
Vap domain: 1, Dev id: 2
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet0/2isUP

Vap 3
Local AggregatePort 3 is UP
TenGigabitEthernet 0/3is UP
Remote AggregatePort 3 is UP
TenGigabitEthernet 0/3 is UP
Common Errors
N/A
12.4.2 Connecting to a Centralized VXLAN Network in Dual-Homing Mode

Configuration Effect



Two devices pair with each other to form a VAP system. The links of access devices are aggregated and connected to the VAP
system in dual-homing mode.



Traffic fromVAPdevices to access devices is first forwarded through the local VAPinterface. When the local VAPinterface fails,
the traffic is forwarded to the VAP peer device.



Configure a centralized VXLAN, connect a server to a TOR switch, and configure the TOR switch to connect to the VXLAN
active-active gateways in dual-homing mode. If one VXLAN gateway malfunctions, user services can be still forwarded normally.

Notes



The TOR switch is connected to core switches in dual-homing mode and APs on the two core switches need to be added to the
same VAP.



It is recommended that the peer-link between the two devices be configured as a trunk link to allow all VLAN traffic to pass.



You are advised to configure multiple physical links for the peer-link. For chassis devices, you should deploy physical links on
different boards to avoid the impact of a board failure on the network.

Configuration Steps



Configuring a VAP Domain
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Mandatory.



Perform the configuration on both network devices that provide dual-homing access.

Command

vap domain domain-id

Parameter

domain-id: Indicates the domain ID. The value ranges from 1 to 255.

Description
Defaults

No domain ID is configured by default.

Command

Global configuration mode

Mode
Usage Guide

Only one domain ID can be configured on one device. VAP negotiation succeeds only when domain IDs on two devices
are the same.



Configuring the Peer-link



Mandatory.

Command

peer-link

Parameter

N/A

Description
Defaults

An AP is not the peer-link by default.

Command

Interface configuration mode

Mode
Usage Guide

When all member ports composing an AP of a VAP fail, traffic will be switched to the peer-link. When the remote member
interface of a VAP works properly, traffic from the peer-link is not forwarded through the local member interface, in an
effort to prevent loops. When the remote member interface of the VAP fails, traffic from the peer-link needs to be
forwarded through the local member interface.



AddinganAP totheVAP



Mandatory.



One AP can be added to only one VAP and different APs on the same device must be added to different VAPs.

Command

vap vap-id

Parameter

vap-id: Indicates the ID of a VAP. The value ranges from 1 to 65,535.

Description
Defaults

An AP is not added to a VAP by default.

Command

Interface configuration mode

Mode
Usage Guide

The two APs on the two network devices that provide dual-homing access must be added to the same VAP.



Configuring a Data Synchronization Channel



Mandatory.

Command

data-sync local { ip-address | ipv6-address } peer { ip-address | ipv6-address }

Parameter

local{ip-address|ipv6-address }:Indicates the localIP address.

Description

peer{ip-address |ipv6-address }:Indicates the peer IP address.

Defaults

No data synchronization channel is configured by default.

Command

VAP domain configuration mode
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Mode
Usage Guide

Data is synchronized between VAP devices through a layer-3 IP network and this configuration is required on each VAP
device.
Either IPv4 or IPv6 addresses can be configured.



Configuring a Heartbeat Link



Mandatory.

Command

peer-keepalivelocal{ip-address|ipv6-address}peer{ip-address|ipv6-address}[interface-typeinterface-number ]

Parameter

ip-address: Indicates the IPv4 address used for heartbeat detection.

Description

ipv6-address: Indicates the IPv6 address used for heartbeat detection.
interface-type: Indicates the interface type. Only MGMT interfaces are supported.
interface-number: Indicates the interface number. All MGMT interfaces are supported.

Defaults

No heartbeat link is configured by default.

Command

VAP domain configuration mode

Mode
Usage Guide

When the peer-link fails but the heartbeat link is normal, interfaces other than the MGMT interface, heartbeat interface,
peer-link interface, and stacked interface on the slave device are triggered to enter the error down state. The interfaces
return to the normal state after the peer-link is restored.
Either IPv4 or IPv6 addresses can be configured.



Configuring the Priority



Optional.

Command

priority priority

Parameter

priority: Indicates the priority.

Description
Defaults

The default priority is 4.

Command

VAP domain configuration mode

Mode
Usage Guide

VAP devices negotiate to determine their master/slave state after establishing communication. The master/slave
negotiation rules are as follows:
3)

The device with a higher priority is elected as the master device.

4)

If the devices share the same priority, the device with a smaller MAC address is elected as the master device.



Configuring the Heartbeat Holding Time



Optional.

Command

peer-keepalive hold-time interval

Parameter

interval: Indicates the heartbeat holding time.

Description
Defaults

The default heartbeat holding time is 3s.

Command

VAP domain configuration mode

Mode
Usage Guide

After the peer-link fails, the heartbeat link is retained for a period of time by default. After the time expires, if the
heartbeat link is still normal, service interfaces on the slave device will enter error down state.
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Configuring the Interface Recovery Delay



Optional.

Command

recover up-delay interval [none-vap none-vap-interva ]

Parameter

interval: Indicates recovery delay of VAP interfaces, in seconds. The value ranges from 0 to 3,600.

Description

none-vap-interval: Indicates the recovery delay of non-VAP interfaces, in seconds.The value ranges from0 to 3,600.

Defaults

The default recovery delay of VAP interfaces is 120s.
There is no delay in the recovery of non-VAP interfaces by default.

Command

VAP configuration mode

Mode
Usage Guide

When the peer-link failure is rectified and devices are restarted, VAP interfaces are restored with a delay of 120s while
non-VAP interfaces are restored without delay.



Configuring an Exceptional Port for Dual-Active Detection



Optional.

Command

vap error-down except

Parameter

N/A

Description
Defaults

No exceptional port for dual-active detection is configured by default.

Command

Interface configuration mode

Mode
Usage Guide

After the VAP detects the dual-active mode, it brings physical ports on the slave device to the error down state. To
prevent an interface from entering error down state, you can run this command to configure it as an exceptional port.
Within the interface recovery delay, physical ports are still in error down state.



Configuring Fast Convergence Mode



Optional.

Command

fast-convergence

Parameter

N/A

Description
Defaults

Fast convergence is enabled by default.

Command

VAP configuration mode

Mode
Usage Guide

After fast convergence is configured, the VAP fault convergence time is minimized. However, there may be considerable
packets instantaneously, for example, flooding may occur.



Configuring Dual-Active Automatic Recovery



Optional.

Command

dual-active auto recovery

Parameter

N/A

Description
Defaults

Dual-master automatic recovery is not configured by default.

Command

VAP configuration mode
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Mode
Usage Guide

Whenthe dual-active mode is detected, interfaces on the slave deviceare shut down. If dual-active automatic recovery is
enabled, after the master device malfunctions, service interfaces on the slave device are restored.
When the MGMT port is configured to detect the dual-active mode, dual-active automatic recovery is enabled
automatically. When a service interface is configured to detect the dual-active mode, dual-active automatic recovery is
disabled by default. You can determine whether to enable this function based on the deployment scenario:
1)

When the dual-active detection port is a port that directly connects two devices, configure the directly connected
port as an exceptional port for dual-active detection (by running the vap dad-down except command), and then
enable dual-active automatic recovery.

2)

If the dual-active detection port is not a directly connected port of two devices (for example, uplink port), dualactive automatic recovery cannot be enabled. Otherwise, repeated flapping will occur during dual-active
detection.

Verification



Run the show vap [ id ] command to display the two APs in the VAP. One is the local AP and the other is the remote AP.

Command

show vap [ id ]

Parameter

Indicates the ID of a VAP. The value ranges from 1 to 65,535.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide
Command
Presentation

This command is used to display information about a VAP.
FS#show vap
Vap domain: 245, Dev id: 2
Vap groups: 1

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/21 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 1/0/21 is UP
For details about fields shown by the show command, see the command manual of the corresponding feature.
Configuration Example



Connecting to a Centralized VXLAN Network in Dual-Homing Mode

www.fs.com

2284

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 12-9

Configuration



Configure interface IP addresses for all devices (omitted).

Steps



Configure a centralized EVPN VXLAN on TOR1, Core1, and Core2 (omitted).



Configure an AP on TOR2 and configure TOR2 to connect to Core1 and Core2 in dual-homing mode (omitted).



Configure a VAP on Core1 and Core2.

Core1

Core1# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat layer-3 IP address.
Core1(config)# int vlan 100
Core1(config-if-VLAN 100)# ip address 192.168.1.1/24
Core1(config-if-VLAN 100)# exit
Core1(config)# int mgmt 0
Core1(config-if-Mgmt 0)# ip address 192.168.2.1/24
Core1(config-if-Mgmt 0)# exit
Configure a VAP domain, data synchronization channel, and heartbeat detection channel.
Core1(config)# vap domain 1
Core1(config-vap)# data-sync local 192.168.1.1 peer 192.168.1.2
Core1(config-vap)# peer-keepalive local 192.168.2.1 peer 192.168.2.2 mgmt 0
Core1(config-vap)# exit
Configure physical member ports for peer-link APs.
Core1(config)# interface TenGigabitEthernet 0/4
Core1(config-if-TenGigabitEthernet 0/4)# port-group 1
Core1(config-if-TenGigabitEthernet 0/4)# exit
Core1(config)# interface TenGigabitEthernet 0/5
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Core1(config-if-TenGigabitEthernet 0/5)# port-group 1
Core1(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
Core1(config)# interface AggregatePort 1
Core1(config-if-AggregatePort 1)# switchport mode trunk
Core1(config-if-AggregatePort 1)# switchport tr allowed vlan all
Core1(config-if-AggregatePort 1)# peer-link
Core1(config-if-AggregatePort 1)# exit
AdddownlinkinterfaceTe0/2toAP2andAP2toVAP2.
Core1(config)# interface TenGigabitEthernet 0/2
Core1(config-if-TenGigabitEthernet 0/2)# port-group 2
Core1(config-if-TenGigabitEthernet 0/2)# exit
Core1(config)# interface AggregatePort 2
Core1(config-if-AggregatePort 2)# switchport access vlan 2
Core1(config-if-AggregatePort 2)# vap 2
Core1(config-if-AggregatePort 2)# exit
Configure an overlay router active-active gateway.
Core1(config)# interface OverlayRouter 10
Core1(config-if-OverlayRouter 10)# ip address 30.30.2.1/24
Core1(config-if-OverlayRouter 10)# anycast-gateway
Core1(config-if-OverlayRouter 10)# exit
Core2

Core2# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat IP address.
Core2(config)# int vlan 100
Core2(config-if-VLAN 100)# ip address 192.168.1.2/24
Core2(config-if-VLAN 100)# exit
Core2(config)# int mgmt 0
Core2(config-if-Mgmt 0)# ip address 192.168.2.2/24
Core2(config-if-Mgmt 0)# exit
Configure a VAP data synchronization channel and heartbeat detection channel.
Core2(config)# vap domain 1
Core2(config-vap)# data-sync local 192.168.1.2 peer 192.168.1.1
Core2(config-vap)# peer-keepalive local 192.168.2.2 peer 192.168.2.1 mgmt 0
Core2(config-vap)# exit
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Configure physical member ports for peer-link APs.
Core2(config)# interface TenGigabitEthernet 0/4
Core2(config-if-TenGigabitEthernet 0/4)# port-group 1
Core2(config-if-TenGigabitEthernet 0/4)# exit
Core2(config)# interface TenGigabitEthernet 0/5
Core2(config-if-TenGigabitEthernet 0/5)# port-group 1
Core2(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
Core2(config)# interface AggregatePort 1
Core2(config-if-AggregatePort 1)# switchport mode trunk
Core2(config-if-AggregatePort 1)# switchport tr allowed vlan all
Core2(config-if-AggregatePort 1)# peer-link
Core2(config-if-AggregatePort 1)# exit
AdddownlinkinterfaceTe0/2toAP2andAP2toVAP2.
Core2(config)# interface TenGigabitEthernet 0/2
Core2(config-if-TenGigabitEthernet 0/2)# port-group 2
Core2(config-if-TenGigabitEthernet 0/2)# exit
Core2(config)# interface AggregatePort 2
Core2(config-if-AggregatePort 2)# switchport access vlan 2
Core2(config-if-AggregatePort 2)# vap 2
Core2(config-if-AggregatePort 2)# exit
Configure an overlay router active-active gateway.
Core2(config)# interface OverlayRouter 10
Core2(config-if-OverlayRouter 10)# ip address 30.30.2.1/24
Core2(config-if-OverlayRouter 10)# anycast-gateway
Core2(config-if-OverlayRouter 10)# exit
Verification
Core1

Run the show vap command to display the two APs in the same VAP. The APs should be in the normal state.
Core1# show vap
Vap domain: 1, Dev id: 1
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
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Remote AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Core2

Core2# show vap
Vap domain: 1, Dev id: 2
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Common Errors
N/A
12.4.3 Connecting to a Distributed VXLAN Network in Dual-Homing Mode

Configuration Effect



Two devices pair with each other to form a VAP system. The links of access devices are aggregated and connected to the VAP
system in dual-homing mode.



Traffic fromVAPdevices to access devices is first forwarded through the local VAPinterface. When the local VAPinterface fails,
the traffic is forwarded to the VAP peer device.



Configure a distributed VXLAN and configure a server to connect to the VXLAN active-active gateways in dual-homing mode. If
one VXLAN gateway malfunctions, user services can be still forwarded normally.

Notes



The server is connected to the network in dual-homing mode and interfaces on the two TOR devices need to be added to the
same VAP.



It is recommended that the peer-link between the two devices be configured as a trunk link to allow all VLAN traffic to pass.



You are advised to configure multiple physical links for the peer-link. For chassis devices, you should deploy physical links on
different boards to avoid the impact of a board failure on the network.

Configuration Steps



Configuring a VAP Domain



Mandatory.



Perform the configuration on both network devices that provide dual-homing access.

Command

vap domain domain-id

Parameter

domain-id: Indicates the domain ID. The value ranges from 1 to 255.
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Description
Defaults

No domain ID is configured by default.

Command

Global configuration mode

Mode
Usage Guide

Only one domain ID can be configured on one device. VAP negotiation succeeds only when domain IDs on two devices
are the same.



Configuring the Peer-link



Mandatory.

Command

peer-link

Parameter

N/A

Description
Defaults

An AP is not the peer-link by default.

Command

Interface configuration mode

Mode
Usage Guide

When all member ports composing an AP of a VAP fail, traffic will be switched to the peer-link. When the remote member
interface of a VAP works properly, traffic from the peer-link is not forwarded through the local member interface, in an
effort to prevent loops. When the remote member interface of the VAP fails, traffic from the peer-link needs to be
forwarded through the local member interface.



AddinganAP totheVAP



Mandatory.



One AP can be added to only one VAP and different APs on the same device must be added to different VAPs.

Command

vap vap-id

Parameter

vap-id: Indicates the ID of a VAP. The value ranges from 1 to 65,535.

Description
Defaults

An AP is not added to a VAP by default.

Command

Interface configuration mode

Mode
Usage Guide

The two APs on the two network devices that provide dual-homing access must be added to the same VAP.



Configuring a Data Synchronization Channel



Mandatory.

Command

data-sync local { ip-address | ipv6-address } peer { ip-address | ipv6-address }

Parameter

local{ip-address|ipv6-address }:Indicates the localIP address.

Description

peer{ip-address |ipv6-address }:Indicates the peer IP address.

Defaults

No data synchronization channel is configured by default.

Command

VAP domain configuration mode

Mode
Usage Guide

Data is synchronized between VAP devices through a layer-3 IP network and this configuration is required on each VAP
device.
Either IPv4 or IPv6 addresses can be configured.
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Configuring a Heartbeat Link



Mandatory.

Command

peer-keepalivelocal{ip-address|ipv6-address}peer{ip-address|ipv6-address}[interface-typeinterface-number ]

Parameter

ip-address: Indicates the IPv4 address used for heartbeat detection.

Description

ipv6-address: Indicates the IPv6 address used for heartbeat detection.
interface-type: Indicates the interface type. Only MGMT interfaces are supported.
interface-number: Indicates the interface number. All MGMT interfaces are supported.

Defaults

No heartbeat link is configured by default.

Command

VAP domain configuration mode

Mode
Usage Guide

When the peer-link fails but the heartbeat link is normal, interfaces other than the MGMT interface, heartbeat interface,
peer-link interface, and stacked interface on the slave device are triggered to enter the error down state. The interfaces
return to the normal state after the peer-link is restored.
Either IPv4 or IPv6 addresses can be configured.



Configuring the Priority



Optional.

Command

priority priority

Parameter

priority: Indicates the priority.

Description
Defaults

The default priority is 4.

Command

VAP domain configuration mode

Mode
Usage Guide

VAP devices negotiate to determine their master/slave state after establishing communication. The master/slave
negotiation rules are as follows:
1)

The device with a higher priority is elected as the master device.

2)

If the devices share the same priority, the device with a smaller MAC address is elected as the master device.



Configuring the Heartbeat Holding Time



Optional.

Command

peer-keepalive hold-time interval

Parameter

interval: Indicates the heartbeat holding time.

Description
Defaults

The default heartbeat holding time is 3s.

Command

VAP domain configuration mode

Mode
Usage Guide

After the peer-link fails, the heartbeat link is retained for a period of time by default. After the time expires, if the
heartbeat link is still normal, service interfaces on the slave device will enter error down state.



Configuring the Interface Recovery Delay



Optional.

Command
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Parameter

interval: Indicates recovery delay of VAP interfaces, in seconds. The value ranges from 0 to 3,600.

Description

none-vap-interval: Indicates the recovery delay of non-VAP interfaces, in seconds.The value ranges from0 to 3,600.

Defaults

The default recovery delay of VAP interfaces is 120s.
There is no delay in the recovery of non-VAP interfaces by default.

Command

VAP configuration mode

Mode
Usage Guide

When the peer-link failure is rectified and devices are restarted, VAP interfaces are restored with a delay of 120s while
non-VAP interfaces are restored without delay.



Configuring an Exceptional Port for Dual-Active Detection



Optional.

Command

vap error-down except

Parameter

N/A

Description
Defaults

No exceptional port for dual-active detection is configured by default.

Command

Interface configuration mode

Mode
Usage Guide

After the VAP detects the dual-active mode, it brings physical ports on the slave device to the error down state. To
prevent an interface from entering error down state, you can run this command to configure it as an exceptional port.
Within the interface recovery delay, physical ports are still in error down state.



Configuring Fast Convergence Mode



Optional.

Command

fast-convergence

Parameter

N/A

Description
Defaults

Fast convergence is enabled by default.

Command

VAP configuration mode

Mode
Usage Guide

After fast convergence is configured, the VAP fault convergence time is minimized. However, there may be considerable
packets instantaneously, for example, flooding may occur.



Configuring Dual-Active Automatic Recovery



Optional.

Command

dual-active auto recovery

Parameter

N/A

Description
Defaults

Dual-active automatic recovery is not configured by default.

Command

VAP configuration mode

Mode
Usage Guide

Whenthe dual-active mode is detected, interfaceson the slave device are shut down. If dual-active automatic recovery is
enabled, after the master device malfunctions, service interfaces on the slave device are restored.
When the MGMT port is configured to detect the dual-active mode, dual-active automatic recovery is enabled
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automatically. When a service interface is configured to detect the dual-active mode, dual-active automatic recovery is
disabled by default. You can determine whether to enable this function based on the deployment scenario:
1)

When the dual-active detection port is a port that directly connects two devices, configure the directly connected
port as an exceptional port for dual-active detection (by running the vap dad-down except command), and then
enable dual-active automatic recovery.

2)

If the dual-active detection port is not a directly connected port of two devices (for example, uplink port), dualactive automatic recovery cannot be enabled. Otherwise, repeated flapping will occur during dual-active
detection.

Verification



Run the show vap [ id ] command to display the two APs in the VAP. One is the local AP and the other is the remote AP.

Command

show vap [ id ]

Parameter

Indicates the ID of a VAP. The value ranges from 1 to 65,535.

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide
Command
Presentation

This command is used to display information about a VAP.
FS#show vap
Vap domain: 245, Dev id: 2
Vap groups: 1

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/21 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 1/0/21 is UP
For details about fields shown by the show command, see the command manual of the corresponding feature.
Configuration Example



Connecting to a Distributed VXLAN Network in Dual-Homing Mode
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Scenario
Figure 12-10

Configuration



Configure interface IP addresses for all devices (omitted).

Steps



Configure a dynamic routing protocol (such as OSPF) onTOR1, TOR2, TOR3, Core1, and Core2 (omitted).



Configure a distributed VXLAN on TOR1, TOR2, TOR3, Core1, and Core2, and configure the same VTEP IP address for
TOR2 and TOR3 (omitted).


TOR1

Configure a VAP on TOR1 and TOR2.

T1# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat IP address.
T1(config)# int vlan 100
T1(config-if-VLAN 100)# ip address 192.168.1.1/24
T1(config-if-VLAN 100)# exit
T1(config)# int mgmt 0
T1(config-if-Mgmt 0)# ip address 192.168.2.1/24
T1(config-if-Mgmt 0)# exit
Configure a VAP domain, data synchronization channel, and heartbeat detection channel.
T1(config)# vap domain 1
T1(config-vap)# data-sync local 192.168.1.1 peer 192.168.1.2
T1(config-vap)# peer-keepalive local 192.168.2.1 peer 192.168.2.2 mgmt 0
T1(config-vap)# exit
Configure physical member ports for peer-link APs.
T1(config)# interface TenGigabitEthernet 0/4
T1(config-if-TenGigabitEthernet 0/4)# port-group 1
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T1(config-if-TenGigabitEthernet 0/4)# exit
T1(config)# interface TenGigabitEthernet 0/5
T1(config-if-TenGigabitEthernet 0/5)# port-group 1
T1(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
T1(config)# interface AggregatePort 1
T1(config-if-AggregatePort 1)# switchport mode trunk
T1(config-if-AggregatePort 1)# switchport tr allowed vlan all
T1(config-if-AggregatePort 1)# peer-link
T1(config-if-AggregatePort 1)# exit
Add downlink interface Te0/2 to AP2 and AP2 to VAP2.
T1(config)# interface TenGigabitEthernet 0/2
T1(config-if-TenGigabitEthernet 0/2)# port-group 2
T1(config-if-TenGigabitEthernet 0/2)#exit
T1(config)# interface AggregatePort 2
T1(config-if-AggregatePort 2)# switchport access vlan 2
T1(config-if-AggregatePort 2)# vap 2
T1(config-if-AggregatePort 2)# exit
Add downlink interface Te0/3 to AP3 and AP3 to VAP3.
T1(config)# interface TenGigabitEthernet 0/3
T1(config-if-TenGigabitEthernet 0/3)# port-group 3
T1(config-if-TenGigabitEthernet 0/3)#exit
T1(config)# interface AggregatePort 3
T1(config-if-AggregatePort 3)# switchport access vlan 3
T1(config-if-AggregatePort 3)# vap 3
T1(config-if-AggregatePort 3)# exit
Configure an overlay router active-active gateway.
T1(config)# interface OverlayRouter 10
T1(config-if-OverlayRouter 10)# ip address 30.30.2.1/24
T1(config-if-OverlayRouter 10)# anycast-gateway
T1(config-if-OverlayRouter 10)# exit
TOR-2

T2# configure terminal
Configure a layer-3 IP address for VAP data synchronization and a heartbeat IP address.
T2(config)# int vlan 100
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T2(config-if-VLAN 100)# ip address 192.168.1.2/24
T2(config-if-VLAN 100)# exit
T2(config)# int mgmt 0
T2(config-if-Mgmt 0)# ip address 192.168.2.2/24
T2(config-if-Mgmt 0)# exit
Configure a VAP data synchronization channel and heartbeat detection channel.
T2(config)# vap domain 1
T2(config-vap)# data-sync local 192.168.1.2 peer 192.168.1.1
T2(config-vap)# peer-keepalive local 192.168.2.2 peer 192.168.2.1 mgmt 0
T2(config-vap)# exit
Configure physical member ports for peer-link APs.
T2(config)# interface TenGigabitEthernet 0/4
T2(config-if-TenGigabitEthernet 0/4)# port-group 1
T2(config-if-TenGigabitEthernet 0/4)# exit
T2(config)# interface TenGigabitEthernet 0/5
T2(config-if-TenGigabitEthernet 0/5)# port-group 1
T2(config-if-TenGigabitEthernet 0/5)# exit
Configure the peer-link.
T2(config)# interface AggregatePort 1
T2(config-if-AggregatePort 1)# switchport mode trunk
T2(config-if-AggregatePort 1)# switchport tr allowed vlan all
T2(config-if-AggregatePort 1)# peer-link
T2(config-if-AggregatePort 1)# exit
Add downlink interface Te0/2 to AP2 and AP2 to VAP2.
T2(config)# interface TenGigabitEthernet 0/2
T2(config-if-TenGigabitEthernet 0/2)# port-group 2
T2(config-if-TenGigabitEthernet 0/2)# exit
T2(config)# interface AggregatePort 2
T2(config-if-AggregatePort 2)# switchport access vlan 2
T2(config-if-AggregatePort 2)# vap 2
T2(config-if-AggregatePort 2)# exit
Add downlink interface Te0/3 to AP3 and AP3 to VAP3.
T2(config)# interface TenGigabitEthernet 0/3
T2(config-if-TenGigabitEthernet 0/3)# port-group 3
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T2(config-if-TenGigabitEthernet 0/3)# exit
T2(config)# interface AggregatePort 3
T2(config-if-AggregatePort 3)# switchport access vlan 3
T2(config-if-AggregatePort 3)# vap 3
T2(config-if-AggregatePort 3)# exit
Configure an overlay router active-active gateway.
T2(config)# interface OverlayRouter 10
T2(config-if-OverlayRouter 10)# ip address 30.30.2.1/24
T2(config-if-OverlayRouter 10)# anycast-gateway
T2(config-if-OverlayRouter 10)# exit
Verification
T1

Run the show vap command to display the two APs in the same VAP. The APs should be in the normal state.
T1# show vap
Vap domain: 1, Dev id: 1
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
T2

T2# show vap
Vap domain: 1, Dev id: 2
Vap groups: 2

Vap 2
Local AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Remote AggregatePort 2 is UP
TenGigabitEthernet 0/2 is UP
Common Errors
N/A
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12.5 Monitoring
Clearing
N/A
Displaying
Description

Command

Displays information about a VAP.

show vap [id]

Displays

information

about

the

show vap peer-link

peer-link.
Displays information about the peer of a

show vap data-sync

data channel.
Displays

information

about

the

show vap keepalive

heartbeat channel.
Displays MAC entry information.

show vap mac

DisplaysVXLANMACentryinformation.

show vap xmac

Displays a list of error down interfaces

show vap error-down

and a list of exceptional interfaces.
Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
Description

Command

Debugs the VAP function globally.

debug vap all

Debugs VAP events.

debug vap event

Debugs VAP interfaces.

debug vap lsm

Debugs VAP packet receiving.

debug vap recv

Debugs VAP packet transmission.

debug vap send

Debugs keepalive packets of the VAP.

debug vap hello

Debugs hot backup information about

debug vap rdnd

the VAP.
Debugs VAP bridge information.

debug vap bridge

Debugs dual-active detectionof theVAP. debug vap dad
Debugs MAC information of the VAP.

debug vap mac

Debugs VXLAM MAC information of the

debug vap xmac

VAP.
Debugs the VAP test.

debug vap test

Debugs the NETCONF of VAP.

debug vap netconf

www.fs.com

2297

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Network Management & Monitoring Configuration
1.

Configuring SNMP

2.

Configuring RMON

3.

Configuring NTP

4.

Configuring SNTP

5.

Configuring SPAN-RSPAN

6.

Configuring ERSPAN

7.

Configuring sFlow

8.

Configuring NETCONF

9.

Configuring gRPC

10.

Configuring IFAand PSR

11.

Configuring IPFIX
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1 Configuring SNMP
1.1 Overview
SimpleNetworkManagement Protocol(SNMP)becameanetworkmanagement standardRFC1157 inAugust1988. Atpresent,
because many vendors support SNMP, SNMP has in fact become a network management standard and is applicable to the
environment where systems of multiple vendors are interconnected. By using SNMP, the network administrator can implement basic
functions such as information query for network nodes, network configuration, fault locating, capacity planning, and network
monitoring and management.



SNMP Versions

Currently, the following SNMP versions are supported:



SNMPv1: The first official version of SNMP, which is defined in RFC1157.



SNMPv2C: Community-based SNMPv2 management architecture, which is defined in RFC1901.



SNMPv3: SNMPv3 provides the following security features by identifying and encrypting data.

7.

Ensuring that data is not tampered during transmission.

8.

Ensuring that data is transmitted from legal data sources.

9.

Encrypting packets and ensuring data confidentiality.

Protocols and Standards



RFC 1157, Simple Network Management Protocol (SNMP)



RFC 1901, Introduction to Community-based SNMPv2



RFC 2578, Structure of Management Information Version 2 (SMIv2)



RFC 2579, Textual Conventions for SMIv2



RFC 3411, An Architecture for Describing Simple Network Management Protocol (SNMP) Management Frameworks



RFC 3412, Message Processing and Dispatching for the Simple Network Management Protocol (SNMP)



RFC 3413, Simple Network Management Protocol (SNMP) Applications



RFC 3414, User-based Security Model (USM) for version 3 of the Simple Network Management Protocol (SNMPv3)



RFC 3415, View-based Access Control Model (VACM) for the Simple Network Management Protocol (SNMP)



RFC 3416, Version 2 of the Protocol Operations for the Simple Network Management Protocol (SNMP)



RFC 3417, Transport Mappings for the Simple Network Management Protocol (SNMP)
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RFC 3418, Management Information Base (MIB) for the Simple Network Management Protocol (SNMP)



RFC 3419, Textual Conventions for Transport Addresses

1.2 Applications
Application

Description

Managing Network Devices Based on

Network devices are managed and monitored based on SNMP.

SNMP
1.2.1 Managing Network Devices Based on SNMP

Scenario
Takethefollowingfigureasanexample.NetworkdeviceAismanagedandmonitoredbasedonSNMPnetworkmanager.
Figure 1- 1

Remarks

A is a network device that needs to be managed.
PC is a network management station.

Deployment
Thenetworkmanagement stationisconnectedtothemanagednetworkdevices.Onthenetworkmanagementstation,usersaccess
the Management Information Base (MIB) on the network devices through the SNMP network manager and receive messages actively
sent by the network devices to manage and monitor the network devices.

1.3 Features
Basic Concepts
SNMP is an application layer protocol that works in C/S mode. It consists of three parts:



SNMP network manager



SNMP agent



MIB

Figure 1- 2 shows the relationship between the network management system (NMS) and the network management agent.
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SNMP Network Manager

The SNMP network manager is a system that controls and monitors the network based on SNMP and is also called the NMS.



SNMP Agent

The SNMP agent (hereinafter referred to as the agent) is software running on the managed devices. It is responsible for receiving,
processing, and responding to monitoring and control packets from the NMS. The agent may also actively send messages to the NMS.



MIB

The MIB is avirtual network management information base. The managed network devicescontain lots of information. Touniquely
identifyaspecificmanagementunitamongSNMPpackets,theMIBadoptsthetreehierarchicalstructure.Nodesinthetreeindicate
specific management units. A string of digits may be used to uniquely identify a management unit system among network devices.
The MIB is a collection of unit identifiers of network devices.
Figure 1- 3 Tree Hierarchical Structure



Operation Types

Six operation types are defined for information exchange between the NMS and the agent based on SNMP:



Get-request: The NMS extracts one or more parameter values from the agent.
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Get-next-request: The NMS extracts the parameter value next to one or more parameters from the agent.



Get-bulk: The NMS extracts a batch of parameter values from the agent.



Set-request: The NMS sets one or more parameter values of the agent.



Get-response: The agent returns one or more parameter values, which are the operations in response to the three operations
performed by the agent on the NMS.



Trap: The agent actively sends a message to notify the NMS of something that happens.

The firstfour packetsaresent by theNMS totheagent and thelast two packetsaresent by theagent totheNMS. (Note: SNMPv1does
not support the Get-bulk operation.) Figure 1- 4 describes the operations.
Figure 1- 4 SNMP Packet Types

The threeoperationsperformed by theNMSon the agent and the responseoperations of the agent arebased on UDP port 161.The
trap operation performed by the agent is based on UDP port 162.
Overview
Feature

Description

Basic SNMP Functions

The SNMP agent is configured on network devices to implement basic functions such as information
query for network nodes, network configuration, fault locating, and capacity planning.

SNMPv1 and SNMPv2C

SNMPv1 and SNMPv2C adopt the community-based security architecture, including authentication name
and access permission.

SNMPv3

SNMPv3redefinesthe SNMParchitecture,namely,itenhancessecurityfunctions,includingthesecurity
model based on users and access control model based on views. The SNMPv3 architecture already
includes all functions of SNMPv1 and SNMPv2C.

1.3.1 Basic SNMP Functions

Working Principle



Working Process

SNMPprotocolinteractionisresponseinteraction(forexchangeofpackets,seeFigure1-4).TheNMSactivelysendsrequeststothe
agent, including Get-request, Get-next-request, Get-bulk, and Set-request. The agent receives the requests, completes operations, and
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returns a Get-response. Sometimes, the agent actively sends a trap message and an Inform message to the NMS. The NMS does not
need to respond to the trap message but needs to return an Inform-response tothe agent. Otherwise, the agent re-sends the Inform
message.
Related Configuration



Shielding or Disabling the SNMP Agent

By default, the SNMP function is enabled.
The no snmp-server command is used to disable the SNMP agent.
The no enable service snmp-agent command is used to directly disable all SNMP services.



Setting Basic SNMP Parameters

By default, the system contact mode, system location, and device Network Element (NE) information are empty. The default serial
number is60FF60, the default maximum packet length is 1,572 bytes, and the default UDP port ID of the SNMP service is 161.
The snmp-server contact command is used to configure or delete the system contact mode.
The snmp-server location command is used to configure or delete the system location.
The snmp-server chassis-id command is used to configure the system serial number or restore the default value.
Thesnmp-server packetsizecommandisusedtoconfigurethemaximumpacketlengthof theagent orrestorethedefault value.
The snmp-server net-id command is used to configure or delete the device NE information.
Thesnmp-serverudp-portcommand isusedtosettheUDPport IDoftheSNMPserviceorrestorethedefaultvalue.
By default, SNMPv3 is enabled, while SNMP v1 and SNMPv2c are disabled.
The no snmp-server enable version [ v1 | v2c | v3 ] command is used to disable a specified SNMP version.



Configuring the SNMP Host Address

By default, no SNMP host is configured.
Thesnmp-serverhostcommandisusedtoconfiguretheNMShostaddresstowhichtheagent activelysendsmessagesortodelete
the specified SNMP host address. In the messages sent to the host, the SNMP version, receiving port, authentication name, or user can
be bound. This command is used with the snmp-server enable traps command to actively send trap messages to the NMS.



Setting Trap Message Parameters

By default, SNMP is not allowed to actively send a trap message to the NMS, the function of sending a Link Trap message on an
interfaceisenabled,thefunctionofsending asystemreboottrapmessageisdisabled, andatrapmessagedoesnot carryanyprivate
field.
By default, the IP address of the interface where SNMP packets are sent is used as the source address.
Bydefault,the length ofa trapmessagequeue is 10and the interval for sending atrapmessage is30s.
The snmp-server enabletraps command is usedtoenableor disabletheagent toactivelysend atrapmessagetotheNMS.
Thesnmptraplink-statuscommandisusedtoenableordisablethefunctionofsendingaLinkTrapmessageon aninterface.
The snmp-server trap-source command is used to specify the source address for sending messages or to restore the default value.
The snmp-server queue-length command is used to set the length of a trap message queue or to restore the default value.
The snmp-server trap-timeout command is used to set the interval for sending a trap message or to restore the default value.
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The snmp-server trap-formatprivatecommand isusedtosetor disable thefunctionof carrying private fieldsina trapmessage
when the message is sent.
The snmp-server system-shutdown command is used to enable or disable the function of sending a system reboot trap message.
1.3.2 SNMPv1 and SNMPv2C

SNMPv1 and SNMPv2C adopt the community-based security architecture. The administrator who can perform operations on the MIB
of the agent is limited by defining the host address and authentication name (community string).
Working Principle
SNMPv1andSNMPv2determinewhethertheadministratorhastherighttouseMIBobjectsbyusingtheauthenticationname.The
authentication name of the NMS must be the same as an authentication name defined in devices.
SNMPv2C adds the Get-bulk operation mechanism and can return more detailed error message types to the management
workstation. The Get-bulk operation is performed to obtain all information from a table or obtain lots of data at a time, so as to reduce
the number of request responses. The enhanced error handling capabilities of SNMPv2C include extension of error codes to
differentiateerrortypes. In SNMPv1, however,only one errorcode isprovided forerrors. Now,errorscan bedifferentiated based on
error codes. Because management workstations supporting SNMPv1 and SNMPv2C may exist on the network, the SNMP agent must
be able to identify SNMPv1 and SNMPv2C packets and return packets of the corresponding versions.



Security

One authentication name has the following attributes:



Read-only: Provides the read permission of all MIB variables for authorized management workstations.



Read-write: Provide the read/write permission of all MIB variables for authorized management workstations.

Related Configuration



Setting Authentication Names and Access Permissions

The default access permission of all authentication names is read-only.
The snmp-server community command is used to configure or delete an authentication name and access permission.
Thiscommand isthefirstimportant command for enablingthe SNMPagent function. It specifiescommunity attributes and NMS
scope where access to the MIB is allowed.
1.3.3 SNMPv3

SNMPv3 redefines the SNMP architecture and includes functions of SNMPv1 and SNMPv2 into the SNMPv3 system.
Working Principle
TheNMSandSNMPagentareSNMPentities.IntheSNMPv3architecture,SNMPentitiesconsistoftheSNMPengineandSNMP
applications.The SNMP engine is used tosend and receive messages, identify and encrypt information, and control access to
managed objects. SNMP applications refer to internal applications of SNMP, which work by using the services provided by the SNMP
engine.
SNMPv3v determines whether a user has the right to use MIB objects by using the User-based Security Model (USM). The security level
of the NMS user must be the same as that of an SNMP user defined in devices so as to manage devices.
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SNMPv3 requires the NMS to obtain the SNMP agent engine IDs on devices when the NMS manages devices. SNMPv3 defines the
discover and report operationmechanisms.WhentheNMSdoesnot knowagent engineIDs, theNMSmay firstsend adiscover
messagetotheagentandtheagentreturnsareportmessagecarryinganengineID.Later,managementoperationsbetweenthe
NMS and the agent must carry the engine ID.



Security



SNMPv3 determines the data security mechanism based on the security model and security level. At present, security models
include: SNMPv1, SNMPv2C, and SNMPv3. SNMPv3 includes SNMPv1 and SNMPv2C into the security model.

SNMPv1 and SNMPv2C Security Models and Security Levels
Security

Security Level

Authentication

Encryption Description

SNMPv1

noAuthNoPriv

Authentication name

N/A

SNMPv2c

noAuthNoPriv

Authentication name

N/A

Model

Data validity is confirmed through authentication
name.
Data validity is confirmed through authentication
name.

SNMPv3 Security Model and Security Level
Security

Security Level

Authentication

Encryption Description

SNMPv3

noAuthNoPriv

User name.

N/A

SNMPv3

authNoPriv

MD5 or SHA

N/A

Model

Data validity is confirmed through user name.
The data authentication mechanism based on
HMAC-MD5 or HMAC-SHA is provided.
Thedataauthenticationmechanismbasedon

SNMPv3

authPriv

MD5 or SHA

DES

HMAC-MD5 or HMAC-SHA and data encryption
mechanism based on CBC-DES are provided.



Engine ID

An engine ID is used to uniquely identify an SNMP engine. Because each SNMP entity includes only one SNMP engine, one SNMP
engineuniquelyidentifiesanSNMPentityinamanagementdomain.Therefore,theSNMPv3agentasanentitymusthasaunique
engine ID, that is, SnmpEngineID.
An engine ID is an octet string that consists of 5 to 32 bytes. RFC3411 defines the format of an engine ID:



The first four bytes indicate the private enterprise ID (allocated by IANA) of a vendor, which is expressed in hexadecimal.



The fifth byte indicates remaining bytes:



0: Reserved.



1: The later four bytes indicate an IPv4 address.



2: The later 16 bytes indicate an IPv6 address.



3: The later six bytes indicate a MAC address.



4: Text consisting of 27 bytes, which is defined by the vendor.



5: Hexadecimal value consisting of 27 bytes, which is defined by the vendor.
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6-127: Reserved.
128-255: Formats specified by the vendor.

Related Configuration



Configuring an MIB View and a Group

By default, one view is configured and all MIB objects can be accessed.
By default, no user group is configured.
Thesnmp-server viewcommand isusedtoconfigureor deleteaviewand the snmp-servergroup commandisusedtoconfigure or
delete a user group.
Oneor moreinstructions canbe configured tospecifydifferent communitynames sothat networkdevicescanbe managed byNMSs
of different permissions.



Configuring an SNMP User

By default, no user is configured.
The snmp-server user command is used to configure or delete a user.
The NMS can communicate with the agent by using only legal users.
An SNMPv3 user can specify the security level (whether authentication and encryption are required), authentication algorithm (MD5
or SHA), authentication password, encryption password (only DES is available currently), and encryption password.

1.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable users to access the agent through the NMS.
enable service snmp-agent
snmp-server community

Enables the agent function.
Sets an authentication name and access
permission.

Configuring Basic SNMP

snmp-server user

Configures an SNMP user.

Functions

snmp-server view

Configures an SNMP view.

snmp-server group

Configures an SNMP user group.

snmp-server authentication
snmp-server enable secret-dictionary-check

Configures the SNMP attack protection and
detection function.
Configures password dictionary check for
communities and users.

(Optional) It is used to enable the agent to actively send a trap message to the NMS.
snmp-server host
Enabling the Trap Function

snmp-server enable traps
snmp trap link-status
snmp-server system-shutdown
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Configuration

Description and Command
trap message.
snmp-server trap-source
snmp-server trap-format private

Specifies the source address for sending a trap
message.
Enables a trap message to carry private fields
when the message is sent.

(Optional) It is used to shield the agent function when the agent service is not required.

Shielding the Agent Function

no snmp-server

Shields the agent function.

(Optional) It is used to set or modify SNMP control parameters.

Setting SNMP Control
Parameters

snmp-server contact

Sets the device contact mode.

snmp-server location

Sets the device location.

snmp-server chassis-id

Sets the serial number of the device.

snmp-server net-id

Sets NE information about the device.

snmp-server packetsize

Modifies the maximum packet length.

snmp-server udp-port

Modifies the UDP port ID of the SNMP service.

snmp-server queue-length

Modifies the length of a trap message queue.

snmp-server trap-timeout

Modifies the interval for sending a trap message.

no snmp-server enable version

Disables a specified SNMP version.

1.4.1 Configuring Basic SNMP Functions

Configuration Effect
Enable users to access the agent through the NMS.
Notes



By default, no authentication name is set on network devices and SNMPv1 or SNMPv2C cannot be used to access the MIB of
networkdevices.Whenanauthenticationnameisset,ifnoaccesspermissionisspecified,thedefaultaccesspermissionis
read-only.

Configuration Steps



Configuring an SNMP View



Optional



An SNMP view needs to be configured when the View-based Access Control Model (VACM) is used.



Configuring an SNMP User Group



Optional



An SNMP user group needs to be configured when the VACM is used.



Configuring an Authentication Name and Access Permission



Mandatory



An authentication name must be set on the agent when SNMPv1 and SNMPv2C are used to manage network devices.
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Configuring an SNMP User



Mandatory



A user must be set when SNMPv3 is used to manage network devices.



Enabling the Agent Function



Optional



By default, the agent function is enabled. When the agent function needs to be enabled again after it is disabled, this command
must be used.

Verification
Run the show snmp command to check the SNMP function on devices.
Related Commands



Configuring an SNMP View

Command

snmp-server view view-name oid-tree { include | exclude }

Parameter

view-name: View name

Description

oid-tree: MIB objects associated with a view, which are displayed as an MIB subtree.
include: Indicates that the MIB object subtree is included in the view.
exclude: Indicates that the MIB object subtree is not included in the view.

Command

Global configuration mode

Mode
Usage Guide



Specify a view name and use it for view-based management.

Configuring an SNMP User Group

Command

snmp-server group groupname { v1 | v2c | v3 { auth | noauth | priv } } [ read readview ] [ write writeview ] [ access
{ ipv6 ipv6-aclname | aclnum | aclname } ]

Parameter

v1 | v2c |v3: Specifies the SNMP version.

Description

auth: Messages sent by users in thegroup need tobe verified but data confidentiality is not required. This
configuration is valid for SNMPv3 only.
noauth:Messages sentby users inthe group do not need to be verified and data confidentiality isnot required. This
configuration is valid for SNMPv3 only.
priv:Messagessent by usersinthe group needto be verifiedand confidentiality oftransmitteddata isrequired.This
configuration is valid for SNMPv3 only.
readview: Associates one read-only view.
writeview: Associates one read/write view.
aclnum: ACL number. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
aclname: ACL name. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
ipv6-aclname:IPv6 ACLname.The specifiedACL isassociated and therange of IPv6NMSaddresses fromwhich
access to the MIB is allowed is specified.

Command
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Mode
Usage Guide

Associatecertainuserswithagroupandassociatethegroupwithaview.Usersinagrouphavethesameaccess
permission. In this way, you can determine whether managed objects associated with an operation are in the
allowable range of a view. Only managed objects in the range of a view can be accessed.



Configuring an Authentication Name and Access Permission

Command

snmp-server community [ 0 | 7 ] string [ view view-name ] [ [ ro | rw ] [ host ipaddr ] ] [ ipv6 ipv6-aclname] [ aclnum |
aclname ]

Parameter

0: Indicates that the input community string is a plaintext string.

Description

7: Indicates that the input community string is a ciphertext string.
string:Communitystring,whichisequivalenttothecommunicationpasswordbetweentheNMSandtheSNMP
agent.
view-name: Specifies a view name for view-based management.
ro: Indicates that the NMS can only read variables of the MIB.
No

Note: The N-Series data centre switch version has stricter security requirements. As public is the
accepted default password and is very insecure, it cannot be configured to RO read-only mode when
the community name of the snmp is public.
rw: The NMS can read and write variables of the MIB.
aclnum: ACL number. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
aclname: ACL name. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
ipv6-aclname: ACL name. The specified ACL is associated and the range of IPv6 NMS addresses from which access to
the MIB is allowed is specified.
ipaddr: Associates NMS addresses and specifies NMS addresses for accessing the MIB.

Command

Global configuration mode

Mode
Usage Guide

Thiscommand isthe firstimportant command for enabling the SNMP agent function. Itspecifies community
attributes and NMS scope where access to the MIB is allowed.
To disable the SNMP agent function, run the no snmp-server command.



Configuring an SNMP User

Command

snmp-serveruser username groupname { v1| v2c|v3[ encrypted] [auth{ md5|sha }auth-password] [privdes56
priv-password ] } [ access { ipv6 ipv6-aclname | aclnum | aclname } ]
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Parameter

username: User name.

Description

groupname: Specifies the group name for a user.
v1 | v2c | v3: Specifies the SNMP version. Only SNMPv3 supports later security parameters.
encrypted: The specified password input mode is ciphertext input. Otherwise, plaintext is used for input. If
ciphertext input isselected,enter akeyconsistingofcontinuoushexadecimaldigits.AnMD5 protocolauthentication
keyconsistsof 16 bytes and an SHAauthentication protocol key consistsof 20 bytes.Two characters standfor one
byte. Encrypted keys are valid for this engine only.
auth: Specifies whether authentication is used.
md5: Specifies the MD5 authentication protocol. sha specifies the SHA authentication protocol.
auth-password: Configures a password string (not more than 32 characters) used by the authentication protocol. The
system converts the passwords into the corresponding authentication keys.
priv: Specifies whether confidentiality is used. des56 specifies the use of the 56-bit DES encryption protocol.
priv-password:Configuresapasswordstring(notmorethan32characters)usedforencryption.Thesystemconverts
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the password into the corresponding encryption key.
aclnum: ACL number. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
aclname: ACL name. The specified ACL is associated and the range of IPv4 NMS addresses from which access to the
MIB is allowed is specified.
ipv6-aclname:IPv6 ACLname.The specifiedACL isassociated and therange of IPv6NMSaddresses fromwhich
access to the MIB is allowed is specified.
Command

Global configuration mode

Mode
Usage Guide

Configure user information so that the NMS can communicate with the agent by using a valid user.
For an SNMPv3 user, you can specify the security level, authentication algorithm (MD5 or SHA), authentication
password, encryption algorithm (at present, only DES is available), and encryption password.



Enabling the Agent Function

Command

enable service snmp-agent

Parameter
Description
Configuration

Privileged mode.

mode
Usage Guide



This command is used to enable the SNMP agent function of a device.

Displaying the SNMP Status Information

Command

show snmp [ mib | user | view | group| host | process-mib-time ]

Parameter

mib: Displays information about the SNMP MIB supported in the system.

Description

user: Displays information about an SNMP user.
view: Displays information about an SNMP view.
group: Displays information about an SNMP user group.
host: Displays information about user configuration.
process-mib-time: Displays the MIB node with the longest processing time.

Configuration

Privileged mode.

mode
Usage Guide



N/A

Configuration Example Configuring SNMP v1/2c

Scenario
Figure 1- 5



TheNMSisconnectedtoanagentthroughtheEthernet.TheIPaddressoftheagentis192.168.3.1/24,andthe
IP address of the NMS is 192.168.3.2/24.
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When the agent is faulty or an error occurs, the agent can actively reports the related information to the NMS.

Configuration



Configure the SNMP basic information, including the version and community name.

Steps



Allow the NMS (192.168.3.2/24) to send Trap messages.



Configure the IP address of the agent, and set the IP address of the Gi0/1 interface to 192.168.3.1/24.

Agent

FS(config)#snmp-server community public rw
FS(config)#snmp-server host 192.168.3.2 traps version 2c public
FS(config)#snmp-server enable traps
FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.3.1 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit

Verification
NMS



Run the show running-config command to display configuration information of the device.



Run the show snmp host command to display the host information configured by the user.

OntheNMSthat usestheSNMPv1/v2c,configuretheread/writecommunityname,timeout time,and retrytimes.
You can use the NMS to query and configure the device.
ConfigurationsontheNMSmustbeconsistentwiththoseonthedevice;otherwise,relatedoperationscannot
be performed.



Configuring SNMP v3 (Default View)

Scenario
Figure 1- 6



The NMSmanages network devices(agents)based on the user authenticationand encryption mode, for
example, the NMS uses user1 as the user name, MD5 as the authentication mode, 123 as the authentication
password, DES56 as the encryption algorithm, and 321 as the encryption password.

Configuration



Youcan access all MIB nodes. ("read default write default" indicates that all MIB nodes can be accessed.)



Network devices can actively send authentication and encryption messages to the NMS.



Configurean MIBgroup. Create agroup“g1”,select the version“v3”, setthe securitylevel tothe authentication

Steps

and encryption mode“priv”, and configure permissions toread and writethe view“default”. "Default"indicates
that all MIB nodes can be accessed.



ConfigureanSNMPuser.Createausernamed“user1”undergroup“g1”,select“v3”astheversion,andsetthe
authenticationmodeto“md5”,authenticationpasswordto“123”,encryptionmode to“DES56”,and encryption
password to“321”.



Configure the SNMP host address. Set the host address to 192.168.3.2, select“3” as the version, set the security
level tothe authenticationand encryption mode“priv”,and associatetheuser name“user1”.Enabletheagent
to actively send a trap message to the NMS.

www.fs.com
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Agent

Configure the IP address of the agent. Set the address of the Gi0/1 interface to 192.168.3.1/24.

FS(config)#snmp-server group g1 v3 priv read default write default
FS(config)#snmp-server user user1 g1 v3 auth md5 123 priv des56 321
FS(config)#snmp-serverhost192.168.3.2trapsversion3privuser1
FS(config)#snmp-server enable traps
FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.3.1 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit

Verification

NMS



Run the show running-config command to display configuration information of the device.



Run the show snmp user command to display the SNMP user.



Run the show snmp view command to display the SNMP view.



Run the show snmp group command to display the SNMP group.



Run the show snmp host command to display the host information configured by the user.



Install MIB-Browser.

SNMP v3 adopts the authentication and encryption security mechanisms. On the NMS, configure the user name, and
select a security level. Based on the selected security level, configure the authentication mode, authentication
password, encryption mode, and encryption password. In addition, configure the timeout time and retry times.You
can use the NMS to query and configure the device. For details about the configuration, see Figure 1-7.
ConfigurationsontheNMSmustbeconsistentwiththoseonthedevice;otherwise,relatedoperationscannot
be performed.

www.fs.com
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Configuring SNMPv3 Configuration (Specified View)

Scenario
Figure 1- 7



The NMSmanages network devices(agents)based on the user authenticationand encryption mode, for
example, the NMS uses user1 as the user name, MD5 as the authentication mode, 123 as the authentication
password, DES56 as the encryption algorithm, and 321 as the encryption password.



Networkdevicescancontroltheoperationpermissionof userstoaccessMIBobjects.For example,theuser
named user1 can read MIB objects under the system node (1.3.6.1.2.1.1) and can only write MIB objects under
the SysContact node (1.3.6.1.2.1.1.4.0).

Configuration



Network devices can actively send authentication and encryption messages to the NMS.



Configurea MIB viewand a MIBgroup. Create a MIBview“view1”, which includes theassociated MIBobject

Steps

(1.3.6.1.2.1.1); then create aMIB view“view2”,which includes the associated MIB object (1.3.6.1.2.1.1.4.0). Create
a group“g1”, select the version“v3”, set the security level to the authentication and encryption mode“priv”, and
configure permissions to read the view“view1” and write the view“view2”.



ConfigureanSNMPuser.Createausernamed“user1”undergroup“g1”,select“v3”astheversion,andsetthe
authenticationmodeto“md5”,authenticationpasswordto“123”,encryptionmode to“DES56”,and encryption
password to“321”.



Configure the SNMP host address. Set the host address to 192.168.3.2, select“3” as the version, set the security
level tothe authenticationand encryption mode“priv”,and associatetheuser name“user1”.Enabletheagent
to actively send a trap message to the NMS.


Agent

Set the IP address of the agent. Set the address of the Gi0/1 interface to 192.168.3.1/24.

FS(config)#snmp-server view view1 1.3.6.1.2.1.1 include
FS(config)#snmp-server view view2 1.3.6.1.2.1.1.4.0 include
FS(config)#snmp-server group g1 v3 priv read view1 write view2
FS(config)#snmp-server user user1 g1 v3 auth md5 123 priv des56 321
FS(config)#snmp-serverhost192.168.3.2trapsversion3privuser1
FS(config)#snmp-server enable traps
FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.3.1 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit

Verification

www.fs.com

1.

Run the show running-config command to display configuration information of the device.

2.

Run the show snmp user command to display the SNMP user.

3.

Run the show snmp view command to display the SNMP view.
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Agent

4.

Run the show snmp group command to display the SNMP group.

5.

Run the show snmp host command to display the host information configured by the user.

6.

Install MIB-Browser.

FS# show running-config
!
interface gigabitEthernet 0/1
no ip proxy-arp
ip address 192.168.3.1 255.255.255.0
!
snmp-serverviewview1 1.3.6.1.2.1.1include
snmp-server view view21.3.6.1.2.1.1.4.0 include
snmp-server user user1 g1 v3 encrypted auth md5 7EBD6A1287D3548E4E52CF8349CBC93D priv des56
D5CEC4884360373ABBF30AB170E42D03
snmp-server group g1 v3 priv read view1 write view2
snmp-server host 192.168.3.2 traps version 3 priv user1
snmp-server enable traps
FS# show snmp user
User name: user1
Engine ID: 800013110300d0f8221120
storage-type:permanent

active

Security level: auth priv
Auth protocol: MD5
Priv protocol: DES
Group-name: g1
FS#show snmp view
view1(include) 1.3.6.1.2.1.1
view2(include) 1.3.6.1.2.1.1.4.0
default(include) 1.3.6.1
FS# show snmp group
groupname: g1
securityModel: v3
securityLevel:authPriv
readview: view1
writeview: view2

www.fs.com
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notifyview:
FS#show snmp host
Notification host: 192.168.3.2
udp-port: 162
type: trap
user: user1
security model: v3 authPriv
Install MIB-Browser, enter IP address 192.168.3.1 in IP Address and user1 in UserName, select AuthPriv for
SecurityLevel,enter123inAuthPassWord,selectMD5forAuthProtocol,andenter321inPrivPassWord.Click
Add Item and select a management unit for which the MIB needs to be queried, for example, System in the
following figure. Click Start. The MIB is queried for network devices. The lowest pane in the following figure shows
query results.

Common Errors
1.4.2 Enabling the Trap Function

Configuration Effect
Enable the agent to actively send a trap message to the NMS.
Notes
N/A

www.fs.com
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Configuration Steps



Configuring the SNMP Host Address



Optional



Configure the host address of the NMS when the agent is required to actively send messages.



Enabling the Agent to Actively Send a Trap Message to the NMS



Optional



Configure this item on the agent when the agent is required to actively send a trap message to the NMS.



Enabling the Function of Sending a Link Trap Message on an Interface



Optional



Configure this item on the agent when a link trap message needs to be sent on an interface.



Enabling the Function of Sending a System Reboot Trap Message



Optional



Configure this itemon theagent when the FSOS system isrequired to send a trapmessage tothe NMS tonotifysystem reboot
before reloading or reboot of the device.



Specifying the Source Address for Sending a Trap Message



Optional



Configurethisitemontheagent whenitisrequiredtopermanentlyusealocalIPaddressas thesourceSNMPaddressto
facilitate management.



Enabling a Trap Message to Carry Private Fields when the Message Is Sent



Optional



Configure this item on the agent when private fields need to be carried in a trap message.

Verification
Run the show snmp command to display the SNMP status.
Run the show running-config command to display configuration information of the device.
Related Commands



Setting the NMS Host Address

Command

snmp-server host [ oob ] { host-addr | ipv6 ipv6-addr | domain domain-name } [ vrf vrfname ] [ traps | inrorms ]
[ version { 1 | 2c | 3 { auth | noauth | priv } ] community-string [ udp-port port-num ] [ notification-type ]

Parameter

oob: Configures Out-Of-Band (OOB) communication for the alarm server (that is, information is sent to the alarm

Description

server through the MGMT interface).
host-addr: Address of the SNMP host.
ipv6-addr: (IPv6) address of the SNMP host.
domain-name:Domain name of theSNMP host.
vrfname: Configures a VRF forwarding table name.

www.fs.com
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traps | informs: Configures the host to send a trap message or an inform message.
version: SNMP version, which can be set to V1, V2C, or V3.
auth | noauth | priv: Sets the security level of V3 users.
community-string: Community string or user name (V3).
port-num: Configures the port ID of the SNMP host.
notification-type: Type of trap messages that are actively sent, for example, snmp.
If no trap type is specified, all trap messages are sent.
Command

Global configuration mode

Mode
Usage Guide

This command is usedwith the snmp-server enable traps command toactively send trapmessages to the NMS.
YoucanconfiguredifferentSNMPhoststoreceivetrapmessages.Ahostcansupportdifferenttraps,ports,andVRF
forwardingtables. Ifthesamehostisconfigured(theportandVRFconfiguration arethesame), thelastconfiguration
is combined with the previous configurations, that is, to send different trap messages to the same host, configure
one type of trap messages each time. These configurations are finally combined.
In this command, the via parameter can be specified only when the oob parameter is enabled. In addition, the
vrf parameter cannot be used.



Enabling the Agent to Actively Send a Trap Message to the NMS

Command

snmp-server enable traps [ notification-type ]

Parameter

notification-type:Enablestrapnotificationforthecorrespondingevents,includingthefollowingtypes:

Description

snmp: Enables trap notification for SNMP events.
bgp: Enables trap notification for BGP events.
bridge:Enablestrapnotificationforbridgeevents.
isis: Enables trap notification for ISIS events.
mac-notification: Enables trap notification for MAC events.
ospf: Enables trap notification for OSPF events.
urpf: Enables trap notification for URPF events.
vrrp: Enables trap notification for VRRP events.
web-auth: Enables trap notification for Web authentication events.

Command

Global configuration mode

Mode
Usage Guide



This command must be used with the snmp-server host command to so that trap messages can be actively sent.

Enabling the Function of Sending a Link Trap Message on an Interface

Command

snmp trap link-status

Parameter

-

Description
Configuration

Interface configuration mode

mode
Usage Guide

Forinterfaces(Ethernet interface,APinterface,and SVI interface),when thisfunctionisenabled,theSNMPsendsa
LinkTrapmessage if the link status on the interfaces changes. Otherwise, the SNMP does not send the message.



Enabling the Function of Sending a System Reboot Trap Message

www.fs.com
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Command

snmp-server system-shutdown

Parameter

-

Description
Configuration

Global configuration mode

mode
Usage Guide

When the function of notification upon SNMP system reboot is enabled, a trap message is sent to the NMS to notify
system reboot before reloading or reboot of the device.



Specifying the Source Address for Sending a Trap Message

Command

snmp-server trap-source interface

Parameter

interface: Used as the interface for the SNMP source address.

Description
Configuration

Global configuration mode

mode
Usage Guide

By default,the IPaddress of the interfacewhere SNMP packetsare sent isused as the sourceaddress.Tofacilitate
managementandidentification,thiscommandcanberuntopermanentlyuseone localIPaddressasthesource
SNMP address.



Enabling a Trap message to Carry Private Fields when the Message Is Sent

Command

snmp-server trap-format private

Parameter

-

Description
Configuration

Global configuration mode

mode
Usage Guide

Thiscommand can be used toenable a trap message tocarry private fieldswhen themessage is sent. Atpresent,
supported privatefields include the alarmgeneration time. For thespecificdata types and data rangesof thefields,
see FS-TRAP-FORMAT-MIB.mib.

Configuration Example



Enabling the Trap Function

Scenario
Figure 1- 8



The NMS manages network devices (agents) based on the community authentication mode, and network
devices can actively send messages to the NMS.

Configuration

1.

Steps

PerformconfigurationtoenabletheagenttoactivelysendmessagestotheNMS.SettheSNMPhostaddressto
192.168.3.2, the message format toVersion2c, and the authentication name to user1. Enable the agent to
actively send trap messages.

2.

www.fs.com

Set the IP address of the agent. Set the address of the Gi0/1 interface to 192.168.3.1/24.
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Agent

FS(config)#snmp-serverhost192.168.3.2 traps version 2c user1
FS(config)#snmp-server enable traps
FS(config)#interface gigabitEthernet 0/1
FS(config-if-gigabitEthernet 0/1)#ip address 192.168.3.1 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit

Verification

Agent



Run the show running-config command to display configuration information of the device.



Run the show snmp command to display the SNMP status.

FS# show running-config
ip access-list standard a1
10 permit host 192.168.3.2
interface gigabitEthernet 0/1
no ip proxy-arp
ip address 192.168.3.1 255.255.255.0
snmp-server view v1 1.3.6.1.2.1.1 include
snmp-server locationfuzhou
snmp-server host 192.168.3.2 traps version 2c user1
snmp-server enable traps
snmp-server contact FS.com.cn
snmp-servercommunityuser1viewv1rwa1
snmp-server chassis-id 1234567890
FS#show snmp
Chassis: 1234567890
0 SNMP packets input
0 Bad SNMP version errors
0 Unknown community name
0 Illegal operation for community name supplied
0 Encoding errors
0 Number of requested variables
0 Number of altered variables
0 Get-request PDUs
0 Get-next PDUs
0 Set-request PDUs

www.fs.com
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0 SNMP packets output
0 Too big errors (Maximum packet size 1472)
0 No such name errors
0 Bad values errors
0 General errors
0 Response PDUs
0 Trap PDUs
SNMP global trap: enabled
SNMP logging: disabled
SNMP agent: enabled
Common Errors
N/A
1.4.3 Shielding the Agent Function

Configuration Effect
Shield the agent function when the agent service is not required.
Notes



Run the no snmp-server command to shield the SNMP agent function when the agent service is not required.



Different from the shielding command, after the no enable service snmp-agent command is run, all SNMP services are directly
disabled(that is,theSNMP agentfunctionisdisabled, nopacketisreceived, and noresponse packetortrappacketissent),but
configuration information of the agent is not shielded.

Configuration Steps



Shielding the SNMP Agent Function for the Device



Optional



To shield the configuration of all SNMP agent services, use this configuration.



Disabling the SNMP Agent Function for the Device



Optional



To directly disable all services, use this configuration.

Verification
Run the show service command to check whether SNMP services are enabled or disabled.
Run the show snmp command to display the SNMP status.
Run the show running-config command to display configuration information of the device.
Related Commands

www.fs.com
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Shielding the SNMP Agent Function for the Device

Command

no snmp-server

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Bydefault,theSNMPagent functionisdisabled.WhenSNMPagentparameters(forexample, NMShostaddress,
authentication name, and access permission) are set, the SNMP agent service is automatically enabled. The enable
servicesnmp-agent command mustalsobe run atthesame timesothat the SNMPagent servicecantakeeffect.If
the SNMP agent service is disabled or the enable service snmp-agent command is not run, the SNMP agent service
does not take effect. Run the no snmp-server command to disable SNMP agent services of all versions supported by
the device.
Afterthiscommandisrun,allSNMPagent serviceconfigurations areshielded(thatis,aftertheshowrunning-config
command is run, no configuration is displayed. Configurations are restored after the SNMP agent service is enabled
again).Aftertheenable servicesnmp-agent command isrun, theSNMP agentconfigurations are not shielded.



Disabling the SNMP Agent Function for the Device

Command

no enable service snmp-agent

Parameter

N/A

Description
Configuration

Global configuration mode

mode
Usage Guide

This command can be used to disable the SNMP service, but it will not shield SNMP agent parameters.

Configuration Example



Enabling the SNMP Service

Scenario
Figure 1- 9

AftertheSNMP serviceisenabled and theSNMPagent serverisset,theNMS canaccessdevices basedonSNMP.
Configuration

1.

Enable the SNMP service.

Steps

2.

Set parameters for the SNMP agent server to make the SNMP service take effect.

A gent

FS(config)#enable service snmp-agent

Verification

1.

Agent

FS#show service

Run the show service command to check whether the SNMP service is enabled or disabled.

web-server

www.fs.com

: disabled
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web-server(https): disabled
snmp-agent
ssh-server

: enabled
: disabled

telnet-server : enabled
Common Errors
N/A
1.4.4 Setting SNMP Control Parameters

Configuration Effect
Set basicparameters of the SNMP agent, includingthe devicecontact mode, devicelocation, serial number,and parameters for
sendingatrapmessage.Byaccessingtheparameters,theNMScanobtainthecontactpersonofthedeviceandphysicallocationof
the device.
Notes
N/A
Configuration Steps



Setting the System Contact Mode



Optional



When the contact mode of the system needs to be modified, configure this item on the agent.



Setting the System Location



Optional



When the system location needs to be modified, configure this item on the agent.



Setting the System Serial Number



Optional



When the system serial number needs to be modified, configure this item on the agent.



Setting NE Information about the Device



Optional



When the NE code needs to be modified, configure this item on the agent.



Setting the Maximum Packet Length of the SNMP Agent



Optional



When the maximum packet length of the SNMP agent needs to be modified, configure this item on the agent.



Setting the UDP Port ID of the SNMP Service



Optional

www.fs.com
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When the UDP port ID of the SNMP service needs to be modified, configure this item on the agent.



Setting the Queue Length of Trap Messages



Optional



When thesize of themessage queueneeds tobe adjusted tocontrol the message sending speed, configure thisitemon the
agent.



Setting the Interval for Sending a Trap Message



Optional



When the interval for sending a trap message needs to be modified, configure this item o the agent.



Configuring SNMP Flow Control



Optional



If a large number of SNMP request packets result in high CPU usage for SNMP tasks, configure SNMP flow control to limit the
number of request packets processed per second in each SNMP task, so as to control the CPU usage for SNMP tasks.



Configuring the SNMP Version



Optional.



SNMP contains three versions, that is, v1, v2C, and v3. If only a specific version is used for MIB interaction management in a user
scenario, you can disable unused SNMP versions.

Verification
Run the show snmp command to display the SNMP status.
Run the show running-config command to display configuration information of the device.
Related Commands



Setting the System Contact Mode

Command

snmp-server contact text

Parameter

text: String that describes the system contact mode.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Setting the System Location

Command

snmp-server location text

Parameter

text: String that describes system information.

Description
Configuration

Global configuration mode

mode
Usage Guide

www.fs.com
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Setting the System Serial Number

Command

snmp-server chassis-id text

Parameter

text: Text of the system serial number, which may be digits or characters.

Description
Configuration

Global configuration mode

mode
Usage Guide



In general, the device serial number is used as the SNMP serial number to facilitate identification of the device.

Setting NE Information about the Device

Command

snmp-server net-id text

Parameter

text: Text that is used to set the device NE code. The text is a string that consists of 1 to 255 characters that are

Description

case-sensitive and may include spaces.

Configuration

Global mode.

mode
Usage Guide



Set the NE code of the device.

Setting the Maximum Packet Length of the SNMP Agent

Command

snmp-server packetsize byte-count

Parameter

byte-count: Packet size, ranging from 484 bytes to 17,876 bytes.

Description
Configuration

Global mode.

mode
Usage Guide



N/A

SettingtheUDPPortIDoftheSNMPService

Command

snmp-server udp-port port-num

Parameter

port-num: Specifies the UDP port ID of the SNMP service, that is, the ID of the protocol port that receives SNMP

Description

packets.

Configuration

Global mode.

mode
Usage Guide



Specify the protocol port ID for receiving SNMP packets.

Setting the Length of a Trap Message Queue

Command

snmp-server queue-length length

Parameter

length: Queue length, ranging from 1 to 1,000.

Description
Configuration

Global configuration mode

mode
Usage Guide



Adjust the size of the message queue to control the message sending speed.

Setting the Interval for Sending a Trap Message

Command

snmp-server trap-timeout seconds

Parameter

seconds: Interval (unit: second). The value range is 1 to 1,000.

www.fs.com
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Description
Configuration

Global configuration mode

mode
Usage Guide



Adjust the interval for sending a message to control the message sending speed.

Configuring SNMP Flow Control

Command

snmp-server flow-control pps [ count ]

Parameter

count: Number of SNMP request packets processed per second. The value range is 50 to 65,535.

Description
Command

Global configuration mode

Mode
Usage Guide

If a large number of SNMP request packets result in high CPU usage for SNMP tasks, configure SNMP flow control to
limitthe number of request packetsprocessed per second in each SNMP task, soas tocontrol the CPU usage for
SNMP tasks.



Configuring the SNMP Version

Command

snmp-server enable version [ v1 | v2c | v3 ]

Parameter

v1, v2C, and v3 indicate three SNMP versions.

Description
Command

Global configuration mode

Mode
Usage Guide

If only one version is used for MIB interaction management in a user scenario, run this command to disable other
versions.

Configuration Example



Setting SNMP Control Parameters

Scenario
Figure 1- 10



TheNMSmanagesnetworkdevices(agents)basedonthecommunityauthenticationmodeandcanobtain
basic system information about the devices, for example, system contact mode, location, and serial number.

Configuration

1.

Set SNMP agent parameters. Set the system location, contact mode, and serial number.

Steps

2.

Set the IP address of the agent. Set the address of the Gi0/1 interface to 192.168.3.1/24.

Agent

FS(config)#snmp-server location fuzhou
FS(config)#snmp-server contact FS.com.cn
FS(config)#snmp-server chassis-id 1234567890
FS(config)#interface gigabitEthernet 0/1

www.fs.com
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FS(config-if-gigabitEthernet 0/1)#ip address 192.168.3.1 255.255.255.0
FS(config-if-gigabitEthernet 0/1)#exit

Verification
Agent

1.

Check the configuration information of the device.

2.

Check the SNMP view and group information.

FS# show running-config
ip access-list standard a1
10 permit host 192.168.3.2
interface gigabitEthernet 0/1
no ip proxy-arp
ip address 192.168.3.1 255.255.255.0
snmp-server view v1 1.3.6.1.2.1.1 include
snmp-server locationfuzhou
snmp-server host 192.168.3.2 traps version 2c user1
snmp-server enable traps
snmp-server contact FS.com.cn
snmp-servercommunityuser1viewv1rwa1
snmp-server chassis-id 1234567890
FS#show snmp view
v1(include) 1.3.6.1.2.1.1
default(include) 1.3.6.1
FS#show snmp group
groupname: user1
securityModel: v1
securityLevel:noAuthNoPriv
readview: v1
writeview: v1
notifyview:
groupname: user1
securityModel: v2c
securityLevel:noAuthNoPriv
readview: v1
writeview: v1
notifyview:

www.fs.com
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Common Errors
N/A

1.5 Monitoring
Displaying
Description

Command

Displays the SNMP status.

show snmp [mib | user | view | group| host | version]

www.fs.com
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2Configuring RMON
2.1 Overview
TheRemote Network Monitoring(RMON) aimsatresolvingproblems ofmanaging localarea networks(LANs)and remotesites by
usingone centralpoint. InRMON, networkmonitoring dataconsistsof agroup of statisticsand performance indicators,whichcanbe
used for monitoring the network utilization, so as to facilitate network planning, performance optimization, and network error
diagnosis.
RMON is mainly used by a managing device to remotely monitor and manage managed devices.
Protocols and Standards
STD 0059 / RFC 2819: Remote Network Monitoring Management Information Base
RFC4502: Remote Network Monitoring Management Information Base Version 2
RFC 3919: Remote Network Monitoring (RMON) Protocol Identifiers for IPv6 and Multi Protocol Label Switching (MPLS)
RFC 3737: IANA Guidelines for the Registry of Remote Monitoring (RMON) MIB Modules
RFC 3434: Remote Monitoring MIB Extensions for High Capacity Alarms
RFC 3395: Remote Network Monitoring MIB Protocol Identifier Reference Extensions
RFC 3287: Remote Monitoring MIB Extensions for Differentiated Services
RFC 3273: Remote Network Monitoring Management Information Base for High Capacity Networks
RFC 2896: Remote Network Monitoring MIB Protocol Identifier Macros
RFC 2895: Remote Network Monitoring MIB Protocol Identifier Reference

2.2 Applications
Application

Description

Collecting Statistics on Information of a Applies four functions of RMON to an interface to monitor the network communication of
Monitored Interface

the interface.

2.2.1 Collecting Statistics on Information of a Monitored Interface

Scenario
TheRMONEthernet statisticsfunctionisusedtomonitor accumulated informationof aninterface,thehistorystatisticsfunctionis
used to monitor the packet count of an interface within each monitoring interval, and the alarm function is used to immediately
acquire packet count exceptions of an interface. The following figure shows the networking topology.
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Figure 2-1

Deployment
Interface is monitored to accumulatively collect statistics on the packet count of the interface and collect statistics on the packet
count and bandwidth utilization of the interface within the monitoring interval. If a packet count exception occurs on the interface, an
alarm is reported to the network management system (NMS). The configuration key points are as follows:



Configure the RMON Ethernet statistics function on interface.



Configure the RMON history statistics function on interface.



ConfiguretheRMONalarmtableand defineRMONeventprocessingactionsinconfigurationmode.Monitored objectsof
alarmsaretheobjectidentifier(OID)valuesofspecificfieldsintheRMONEthernetstatisticaltableconfiguredforinterface.

2.3 Features
Basic Concepts
RMON defines multiple RMON groups. FS products support the statistics group, history group, alarm group, and event group, which
are described as follows:



Statistics Group

The statistics group is used to monitor and collect statistics on Ethernet interface traffic information, which is accumulated from the
entry creation time to the current time. The statistical items include discarded data packets, broadcast data packets, cyclic redundancy
check (CRC) errors, large and small blocks, and collisions. Statistical results are stored in the Ethernet statistical table.



History Group

The history group is used to periodically collect network traffic information. It records accumulated values of network traffic
information and the bandwidth utilization within each interval, and saves them in the history control table. It includes two small
groups:



The HistoryControl group is used to set the sampling interval, sampling data source, and other control information.



TheEthernetHistorygroupprovidesadministratorswithhistoricaldata,includingstatisticsonnetworksegmenttraffic,error
packets, broadcast packets, utilization, and number of collisions.



Alarm Group
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ThealarmgroupisusedtomonitoraspecifiedManagementInformationBase(MIB)object.WhenthevalueofaMIBobjectexceeds
the preset upper limit or is lower than the preset lower limit, an alarm is triggered and the alarm is processed as an event.



Event Group

The event groupisused todefine the eventprocessing mode. Whenamonitored MIBobject meets alarmconditions, anevent is
triggered. An event can be processed in any of the following modes:



none: No action is taken.



log: Event-relevant information is recorded in the log record table so that administrators can view it at any time.



snmp-trap: A trap message is transmitted to the NMS to notify the NMS of the event occurrence.



log-and-trap: Event-relevant information is recorded in the log record table and a trap message is transmitted to the NMS.

Working Principle
RMONsupports multiplemonitors and two data collection methods. Method 1: A dedicatedRMON probe is usedto collect data and
the NMS can directly acquire all information about the RMON MIB from the RMON probe. Method 2: RMON agents are built into
network devices so that the devices have the RMON probe function. The NMS uses basic commands of the Simple Network
Management Protocol (SNMP) to exchange data with the RMON agents and collect network management information. This method,
however, is limited by device resources and information of only four groups rather than all data of the RMON MIB is acquired.
The following figure shows an example of communication between the NMS and RMON agents. The NMS, through the RMON agents
running ondevices,canacquireinformationabout overalltraffic,errorstatistics,and performance statisticsof thenetwork segment
where a managed network device interface is, thereby implementing remote management of network devices.
Figure2-2

Overview
Feature

Description

RMON Ethernet Statistics

Collects statistics on the packet count, byte count, and other data of a monitored Ethernet interface
accumulatively.

RMON History Statistics

Records the counts of packets, bytes, and other data communicated by an Ethernet interfacewithin
the configured interval and calculates the bandwidth utilization within the interval.

RMON Alarm

Samples values of monitored variables at intervals.The alarm table is used in combination with the
event table. When the upper or lower limit is reached, a relevant event table is triggered to perform
event processing or no processing is performed.

2.3.1 RMON EthernetStatistics

Working Principle
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TheRMONEthernetstatisticsfunctionaccumulativelycollectsstatisticsonnetworktrafficinformationofanEthernetinterfacefrom
the entry creation time to the current time.
Related Configuration



Configuring RMON Statistical Entries



The RMON Ethernet statistics function is disabled by default.



Run the rmon collection stats command to create Ethernet statistical entries on a specified Ethernet interface.



After statistical entries are successfully created on a specified interface, the statistics group collects statistics on the traffic
informationofthecurrentinterface.ThestatisticalitemsarevariablesdefinedintheRMONEthernetstatisticaltable,and
recordedinformation is theaccumulated values of variables fromthe creation timeof the RMON statistical table tothe current
time.

2.3.2 RMONHistoryStatistics

Working Principle
The RMON history statistics function records accumulated statistics on traffic information of an Ethernet interface within each interval.
Related Configuration



Configuring RMON Historical Control Entries



The RMON history statistics function is disabled by default.



Run the rmon collection history command to create historical control entries on an Ethernet interface.



The RMON history group collects statistics on variables defined in the RMON history table and records accumulated values of
variables within each interval.

2.3.3 RMON Alarm

Working Principle
The RMON alarm function periodically monitors value changes of alarm variables. If the value of an alarm variable reaches the
specified upper threshold or lower threshold, a corresponding event is triggered for processing, for example, a trap message is
transmittedor one logTableentry recordisgenerated. If alower thresholdor upper thresholdisreached multipletimesconsecutively,
only one corresponding event is triggered and another event is triggered till a reverse threshold is reached.
Related Configuration



Configuring the Event Table



The RMON event group function is disabled by default.



Run the rmon event command to configure the event table.



Configuring Alarm Entries



The RMON alarm group function is disabled by default.



Run the rmon event command to configure the event table and run the rmon alarm command to configure the RMON alarm
table.
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The RMONalarm function is implemented by the alarm table and event table jointly. If a trap message needs to be transmitted
toa managing device inthe caseof an alarm event, the SNMP agent must be correctlyconfigured first. For the configuration of
the SNMP agent, see the Configuring SNMP.



Ifa configured alarmobject isa field node inthe RMONstatisticsgroup or history group,the RMON Ethernet statisticsfunction
or RMON history statistics function need to be configured on a monitored Ethernet interface first.

2.4 Configuration
Configuration

Description and Command

Configuring RMON Ethernet
Statistics

(Mandatory) It isusedtoaccumulativelycollectstatisticson trafficinformationof an Ethernet
interface.
rmon collection stats

Configuring RMON History
Statistics

Configures Ethernet statistical entries.

(Mandatory) It is usedtocollect, at intervals, statisticson trafficinformation of an Ethernet
interface and the bandwidth utilization within the interval.
rmon collection history

Configures historical control entries.

(Mandatory) It is used to monitor whether data changes of a variable is within the valid range.
Configuring RMON Alarm

rmon event

Configures event entries.

rmon alarm

Configures alarm entries.

2.4.1 Configuring RMON Ethernet Statistics

Configuration Effect
Acquire accumulated statistics on traffic information of a monitored Ethernet interface from the entry creation time to the current
time.
Notes
This function cannot be configured in batch interface configuration mode.
Configuration Steps



Configuring RMON Statistical Entries



Mandatory.



If statistics and monitoring are required for a specified interface, Ethernet statistical entries must be configured on this interface.

Verification
Run the show rmon stats command to display Ethernet statistics.
Related Commands



Configuring RMON Statistical Entries

Command

rmon collection stats index [owner ownername]

Parameter

index: Indicates the index number of a statistical entry, with the value ranging from 1 to 65,535.

Description

owner ownername: Indicates the entry creator, that is, ownername, which is a case-sensitive string of 1-63 characters.
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Command

Interface configuration mode

Mode
Usage Guide

The values of statistical entry parameters cannot be changed.

Configuration Example



Configuring RMON Ethernet Statistics

Scenario
Figure 2-3

As shown in the preceding figure, the RMON agent is connected to the server, and the NMS requires the RMON
statisticsgrouptoconductperformancestatisticsonreceivedpacketsofinterfaceGi0/1.Administratorscanviewthe
statistics at any time to understand data about received packets of an interface and take measures in a timely
manner to handle network exceptions.
Configuration
Steps
Agent



Configure a statistical table instance on interface GigabitEthernet 0/1 to collect statistics on the traffic of this
interface.

FS# configure terminal
FS (config)# interface gigabitEthernet 0/1
FS (config-if-GigabitEthernet 0/1)# rmon collection stats 1 owner admin

Verification

Run the show rmon stats command to display Ethernet statistics.

Agent

FS# show rmon stats
ether statistic table:
index = 1
interface = GigabitEthernet 0/1
owner = admin
status = 1
dropEvents = 0
octets = 25696
pkts = 293
broadcastPkts = 3
multiPkts = 0
crcAlignErrors = 0
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underSizePkts = 0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
packets64Octets = 3815
packets65To127Octets = 1695
packets128To255Octets = 365
packets256To511Octets = 2542
packets512To1023Octets = 152
packets1024To1518Octets = 685
Common Errors
Statistical table entries are re-configured or configured statistical table entries are modified.
2.4.2 Configuring RMON History Statistics

Configuration Effect
Acquire accumulated statistics on the traffic of a monitored Ethernet interface and the bandwidth utilization within each interval.
Notes
This function cannot be configured in batch interface configuration mode.
Configuration Steps



Mandatory.



Ifnetwork statisticson aspecified interfaceneedtobe collected, RMONhistorical control entries mustbe configured on the
interface.

Verification
Run the show rmon history command to display history group statistics.
Related Commands



Configuring RMON Historical Control Entries

Command

rmon collection history index [owner ownername] [buckets bucket-number] [interval seconds]

Parameter

index: Indicates the index number of a history statistical entry, with the value ranging from 1 to 65,535.

Description

owner ownername: Indicates the entry creator, that is, ownername, which is a case-sensitive string of 1-63 characters.
bucketsbucket-number:Setsthecapacityofthehistorytableinwhichahistorystatisticalentryexists,thatis,setsthe
maximum number of records (bucket-number) that can be accommodated in the history table. The value of
bucket-number ranges from 1 to 65,535 and the default value is 10.
interval seconds: Sets the statistical interval, with the unit of seconds. The value ranges from 1 second to 3,600
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seconds and the default value is 1,800 seconds.
Command

Interface configuration mode

Mode
Usage Guide

The values of history statistical entry parameters cannot be changed.

Configuration Example



Configuring RMON History Statistics

Scenario
Figure 2-4

Asshowninthepreceding figure,theRMONagentisconnectedtotheserver,andtheNMSneedstocollectstatistics
on received packets of interface Gi0/1 through the RMON history group at an interval of 60 seconds, in an effort to
monitor the network and understand emergency data.
Configuration
Steps
Agent



Configure the history control table on interface GigabitEthernet 0/1 to periodically collect statistics on the
traffic of this interface.

FS# configure terminal
FS(config)# interface gigabitEthernet 0/1
FS(config-if-GigabitEthernet 0/1)# rmon collection history 1 buckets 5 interval 300 owner admin

Verification

Run the show rmon history command to display history group statistics.

Agent

FS# show rmon history
rmon history control table:
index = 1
interface = GigabitEthernet 0/1
bucketsRequested = 5
bucketsGranted = 5
interval = 60
owner = admin
stats = 1

rmon history table:
index = 1
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sampleIndex = 786
intervalStart = 6d:18h:37m:38s
dropEvents = 0
octets = 2040
pkts = 13
broadcastPkts = 0
multiPkts = 0
crcAlignErrors = 0
underSizePkts =0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
utilization = 0

index = 1
sampleIndex = 787
intervalStart = 6d:18h:38m:38s
dropEvents = 0
octets = 1791
pkts = 16
broadcastPkts = 1
multiPkts = 0
crcAlignErrors = 0
underSizePkts =0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
utilization = 0

index = 1
sampleIndex = 788
intervalStart = 6d:18h:39m:38s
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dropEvents = 0
octets = 432
pkts = 6
broadcastPkts = 0
multiPkts = 0
crcAlignErrors = 0
underSizePkts =0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
utilization = 0

index = 1
sampleIndex = 789
intervalStart = 6d:18h:40m:38s
dropEvents = 0
octets = 432
pkts = 6
broadcastPkts = 0
multiPkts = 0
crcAlignErrors = 0
underSizePkts =0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
utilization = 0

index = 1
sampleIndex = 790
intervalStart = 6d:18h:41m:38s
dropEvents = 0
octets = 86734
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pkts = 934
broadcastPkts = 32
multiPkts = 23
crcAlignErrors = 0
underSizePkts=0
overSizePkts = 0
fragments = 0
jabbers = 0
collisions = 0
utilization = 0
Common Errors
History control table entries are re-configured or configured history control table entries are modified.
2.4.3 Configuring RMON Alarm

Configuration Effect
Periodically monitor whether value changes of alarm variables are within the specified valid range.
Notes
Ifa trapmessage needs to be transmittedtoa managing devicewhen an alarm event istriggered, theSNMP agent must be correctly
configured. For the configuration of the SNMP agent, see the Configuring SNMP.
IfanalarmvariableisaMIBvariabledefined intheRMONstatisticsgroup orhistorygroup,theRMONEthernetstatisticsfunctionor
RMON history statistics function must be configured on the monitored Ethernet interface. Otherwise, an alarm table fails to be
created.
Configuration Steps



Configuring Event Entries



Mandatory.



Complete the configuration in global configuration mode.



Configuring Alarm Entries



Mandatory.



Complete the configuration in global configuration mode.

Verification



Runtheshowrmonevent commandtodisplaytheevent table.



Runtheshowrmonalarmcommand todisplaythealarmtable.

Related Commands
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Configuring the Event Table

Command

rmon event number [log] [trap community] [description description-string] [owner ownername]

Parameter

number: Indicates the index number of an event table, with the value ranging from 1 to 65,535.

Description

log: Indicates a log event. The system logs a triggered event.
trapcommunity:Indicatesatrapevent.Whenaneventistriggered,thesystemtransmitsatrapmessagewiththe
community name of community.
description description-string: Sets the description information about an event, that is, description-string. The value is
a string of 1-127 characters.
owner ownername: Indicates the entry creator, that is, ownername, which is a case-sensitive string of 1-63 characters.

Command

Global configuration mode

Mode
Usage Guide

The values of configured event entry parameters can be changed, including the event type, trap community name,
event description, and event creator.



Configuring the RMON Alarm Group

Command

rmonalarmnumbervariableinterval{absolute|delta}rising-thresholdvalue[event-number]falling-threshold
value [event-number] [owner ownername]

Parameter

number: Indicates the index number of an alarm entry, with the value ranging from 1 to 65,535.

Description

variable:Indicatesanalarmvariable,whichisastringof1-255charactersandisrepresentedindottedformatusing
the node OID (format: entry.integer.instance; example: 1.3.6.1.2.1.2.1.10.1).
Interval: Indicates the sampling interval, with the unit of seconds and the value ranging from 1 to 2,147,483,647.
absolute: Indicates that the sampling type is absolute value sampling, that is, variable values are directly extracted
when the sampling time is up.
delta: Indicates that the sampling type ischanging value sampling, that is, changes in the variablevalues withinthe
sampling interval are extracted when the sampling time is up.
rising-threshold value: Sets the upper limit of the sampling quantity (value), with the value ranging from
-2,147,483,648 to +2,147,483,647.
event-number: Indicates that an event withthe event number of event-number is triggered when the upper limitor
lower limit is reached.
falling-threshold value: Sets the lower limit of the sampling quantity (value), with the value ranging from
-2,147,483,648 to +2,147,483,647.
owner ownername: Indicates the entry creator, that is, ownername, which is a case-sensitive string of 1-63 characters.

Command

Global configuration mode

Mode
Usage Guide

Valuesofconfiguredalarmentryparameterscanbechanged,includingalarmvariables,samplingtype,entrycreator,
sampling interval, upper/lower limit of the sampling quantity, and relevant trigger events.

Configuration Example



Configuring RMON Alarm
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Scenario
Figure 2-5

AssumethatSNMPv1runsontheNMS,thecommunityname usedforaccessingthesettingsispublic,withthe
attribute of read-write, and the IP address used by the NMS to receive trap messages is 3.3.3.3.
Assume that the OID value of unknown protocol packets received by monitored interface GigabitEthernet0/1 is
1.3.6.1.2.1.2.2.1.15.3,thesamplingmodeisrelativesampling,andthesamplinginterval is60seconds.Whenthe
relativesamplingvalue islargerthan100 orlower than10, event1and event2aretriggeredrespectively.Inevent 1,
a trap message is transmitted and the event is logged. In event 2, the event is only logged.
The configuration of the RMON agent iscompleted on the terminal.The RMON agent isconnected to the NMS and is
connected to the server through interface GI0/1. The RMON agent needs to monitor the count of unknown protocol
packets received by interface GI0/1. The sampling interval is 60 seconds. When the absolute sampling value is smaller
than 10, the event is only logged. When the absolute sampling value is larger than 100, the event is logged and a
trap message is transmitted to the NMS.
Configuration
Steps

Agent



Configure the host address for receiving trap messages.



Configure an event group to process alarm trigger.



Configure the alarmfunction.

FS# configure terminal
Enter configurationcommands,oneper line. End withCNTL/Z.
FS(config)# snmp-server community public rw
FS(config)# snmp-server host 3.3.3.3 trap public
FS(config)#rmonevent1descriptionrising-threshold-eventlogtrappublicowneradmin
FS(config)# rmon event 2 description falling-threshold-event log owner admin
FS(config)#rmon alarm1 1.3.6.1.2.1.2.2.1.15.360 deltarising-threshold 100 1falling-threshold102 owner admin

Verification

Agent



Run theshowrmoneventcommandtodisplaytheevent table.



Runtheshowrmonalarmcommand todisplaythealarmtable.

FS# show rmon event
rmon event table:
index = 1
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description = rising-threshold-event
type = 4
community = public
lastTimeSent = 0d:0h:0m:0s
owner = admin
status=1

index = 2
description = falling-threshold-event
type = 2
community =
lastTimeSent = 6d:19h:21m:48s
owner = admin
status = 1

rmon log table:
eventIndex = 2
index = 1
logTime = 6d:19h:21m:48s
logDescription = falling-threshold-event
FS# show rmon alarm
rmon alarm table:
index: 1,
interval: 60,
oid = 1.3.6.1.2.1.2.2.1.15.3
sampleType: 2,
alarmValue: 0,
startupAlarm: 3,
risingThreshold: 100,
fallingThreshold: 10,
risingEventIndex: 1,
fallingEventIndex: 2,
owner: admin,
stauts: 1
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Common Errors



The entered OID of a monitored object is incorrect, the variable corresponding to the OID does not exist, or the type is not an
integer or unsigned integer.



The upper threshold is smaller than or equal to the lower threshold.

2.5 Monitoring
Displaying
Description

Command

Displays all RMON configuration

show rmon

information.
Displays the Ethernet statistical table.

show rmon stats

Displays the history control table.

show rmon history

Displays the alarm table.

show rmon alarm

Displays the event table.

show rmon event

3 Configuring NTP
3.1 Overview
TheNetworkTimeProtocol (NTP)isanapplication-layerprotocolthatenablesnetworkdevicestosynchronizetime.NTPenables
networkdevices tosynchronize timewiththeir serversor clocksources and provides high-precisiontimecorrection(the difference
fromthestandardtimeissmallerthanone millisecondina LANand smallerthandecadesof millisecondsinaWAN).Inaddition, NTP
can prevent attacks by using encrypted acknowledgment.
Currently,FSdevicescanbeusedbothasNTPclientsandNTPservers.Inotherwords,aFSdevicecansynchronizetimewithatime
server,andbeusedasatimeservertoprovidetimesynchronizationforotherdevices.WhenaFSdeviceisusedasaserver,itsupports
only the unicast server mode.
Protocols and Standards



RFC 1305 : Network Time Protocol (Version 3)

3.2 Applications
Application

Description

Synchronizing Time Based on an

Adeviceisusedas aclient that synchronizestimewithan external clocksource.Aftersuccessful

External Reference Clock Source

synchronization, it is used as a server to provide time synchronization for other devices.

SynchronizingTimeBasedonaLocal AdeviceusesalocalclockasareliableNTPreferenceclocksourceandisalsousedasaserverto
Reference Clock Source

provide time synchronization for other devices.

3.2.1 Synchronizing Time Based on an External Reference Clock Source

Scenario
As shown in Figure 3-1
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DEVICE-A is used as a reliable reference clock source to provide time synchronization for external devices.



DEVICE-B specifies DEVICE-A as the NTP server and synchronizes time with DEVICE-A.



After successful synchronization, DEVICE-B provides time synchronization for DEVICE-C.

Figure 3-1

Deployment
Configure DEVICE-B to the NTP external reference clock mode.
3.2.2 Synchronizing TimeBased on aLocal Reference ClockSource

Scenario
As shown in Figure 3-2, DEVICE-B uses a local clock as the NTP reference clock source and provides time synchronization for DEVICE-C.
Figure 3-2

Deployment
Configure DEVICE-B to the NTP local reference clock mode.

3.3 Features
Basic Concepts



NTP Packet

As defined in RFC1305, NTP uses User Datagram Protocol (UDP) packets for transmission and the used UDP port ID is 123.
Figure 3-3 shows the format of an NTP time synchronization packet.
Figure 3-3 Format of an NTP Time Synchronization Packet
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Leap Indicator(LI): indicates a 2-bit leap second indicator.
00: indicatesnowarning information; 01: indicatesthat there are61seconds inthepreviousminute; 10: indicates thatthereare
59 seconds in the previous minute; 11: indicates that the clock is not synchronized.



Version Number(VN): indicates a 3-bit NTP version number. The current version number is 3.



Mode: indicates a 3-bit NTP working mode.
0: indicates no definition; 1: indicates symmetric active; 2: indicates symmetric passive; 3: indicates a client; 4: indicates a server;
5: indicates broadcasting; 6: indicates control information; 7: reserved.



Stratum:indicatesthe8-bitstratumofalocalclock.0:indicatesnodefinition;1:indicatesthemasterreferenceclocksource;
other values: indicate slave reference clock sources.



Poll Interval: indicates the poll interval (seconds), which is a 8-bit integer.



Precision: indicates the time precision (seconds) of a local clock, which is a 8-bit integer.



Root Delay: indicates the round-trip time to the master reference clock source, which is a 32-bit integer.



Root Dispersion: indicates the largest difference from the master reference clock source, which is a 32-bit integer.



Reference Clock Identifier: indicates the 32-bit identifier of a reference clock source.



Reference Timestamp: indicates a 64-bit timestamp, namely, the time that is set or corrected at the last time.



OriginateTimestamp:indicatesa64-bittimestamp,namely,thelocaltimewhenatimesynchronizationrequestleavesfroma
client.



Receive Timestamp: indicates a 64-bit timestamp, namely, the local time when a time synchronization request packet arrives at a
server.



Transmit Timestamp: indicates a 64-bit timestamp, namely, the local time when a time synchronization response packet leaves
from a server.



Authenticator (optional): indicates authentication information.



NTP Server

A device uses a local clock as the reference clock source to provide time synchronization for other devices in the network.
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NTP Client

A device is used as an NTP client that synchronizes time with an NTP server in the network.



Stratum

InNTP,"stratum" isusedto describe the hops froma devicetoan authorityclock source.An NTP server whose stratum is1 has a
directly connected atomic clock or radio controlled clock; an NTP server whose stratum is 2 obtains time from the server whose
stratumis1;anNTPserverwhosestratumis3obtainstimefromtheserverwhosestratumis2;andsoon.Therefore,clocksources
with lower stratums have higher clock precisions.



Hardware Clock

A hardware clock operates based on the frequency of the quartz crystal resonator on a deviceand ispowered by the device battery.
After the device is shut down, the hardware clock continues running. After the device is started, the device obtains time information
from the hardware clock as the software time of the device.
Overview
Feature

Description

NTP Time

Network devices synchronize time with their servers or reliable clock sources to implement high-precision

Synchronization

time correction.

NTP Security

The NTP packet encryption authentication is used to prevent unreliable clock sources from time

Authentication

synchronization interference on a device.

NTP Access Control

An Access Control List (ACL) is used to filter sources of received NTP packets.

3.3.1 NTP Time Synchronization

Working Principle
NTP time synchronization is implemented by interaction of NTP packets between a client and a server:



The client sends a time synchronization packet to all servers every 64 seconds. After receiving response packets from the servers,
the client filters and selects the response packets from all servers, and synchronizes time with an optimum server.



Afterreceivingthetimesynchronizationrequestpacket,aserverusesthelocalclockasthereferencesource,andfillsthelocal
time information into the response packet to be sent to the client based on the protocol requirement.

Figure 3-4 shows the format of an NTP time synchronization packet.
Figure 3-4 Working Principle of NTP
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DEVICE-B (B for short) is used as an NTP reference clock source, DEVICE-A (A for short) is used as an NTP client that synchronizes time
with DEVICE-B. At a time point, the local clock of A is 19:00:00 and the local clock of B is 19:30:20.
10.

AsendsanNTPrequestpacket.Thelocaltime(T0)whenthepacketleavesfromAis19:00:00andisfilledinOriginate
Timestamp.

11.

Aftera2-secondnetworkdelay,thelocaltime(T1)whenBreceivestherequestpacketis19:30:23andisfilledinReceive
Timestamp.

12.

B processes the NTP request and sends an NTP response packet one second later. The local time (T2) when the response packet
leaves from B is 19:30:24 and is filled in Transmit Timestamp.

13.

After a 2-second network delay, A receives the response packet. The local time (T3) when the response packet arrives at A is
19:00:06.

The specific calculations for time synchronization are as follows:



A obtains the time difference of 30 minutes and 20 seconds between B and A by using the formula ((T1-T0)+(T2-T3))/2.



A obtains the packet round-trip delay of four seconds between A and B by using the formula (T3-T0)-(T2-T1).



NTP Working Mode



External clock reference mode

In this mode, a device is used as both a server and a client. If receiving time synchronization requests from other clients, the device
mustsynchronizetimewiththespecifiedserverfirstandprovidetimesynchronizationfortheclientsaftersuccessfulsynchronization.



Local clock reference mode

Inthismode, adeviceuses thedefaultlocal clockas the reliableclocksourceand provides timesynchronization directlyfor other
clients.
Related Configuration



Configuring an NTP Server



The NTP function is disabled by default.



Run the ntp server command to specify an NTP server (external clock reference source), which can enable NTP.



After the configuration, the device works in the external clock reference mode.



Real-time Synchronization



A device performs time synchronization every 64 seconds by default.



Updating a Hardware Clock



By default, a device does not update synchronized time to the hardware clock.



Runthentpupdate-calendarcommandtoenableadevicetoautomaticallyupdatethehardwareclockaftersuccessfully
synchronizing time each time.



Configuring the NTP Master Clock



By default, a device works in the external clock reference mode.



Run the ntp master command to configure a device to the local clock reference mode.
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3.3.2 NTP SecurityAuthentication

To prevent malicious damage on an NTP server, NTP uses the authentication mechanism to check whether the time synchronization
information is really from the announced server and check the information return path to provide an anti-interference protection
mechanism.
Working Principle
An NTP client and an NTP server are configured with the same key. When sending request and response packets, a device calculates
the hash values of the packets by using the MD5 algorithm based on the specified key and NTP packet content, and fills the hash
valuesintothe packet authenticationinformation.The receiving device checkswhether the packetsaresent by atrusted deviceor
modified based on the authentication information.
Related Configuration



Configuring a Global Security Authentication Mechanism for NTP



By default, no NTP security authentication mechanism is enabled.



Run the ntp authenticate command to enable the NTP security authentication mechanism.



Configuring a Global Authentication Key for NTP



By default, no global authentication key is configured.



Run the ntp authentication-key command to enable an NTP global authentication key.



Configuring a Globally Trusted Key ID for NTP



By default, no globally trusted key is configured.



Run the ntptrusted-keycommand toconfigure adeviceas thereference clock source to provide a trusted key fortime
synchronization externally.



Configuring a Trusted Key ID for an External Reference Clock Source



Run the ntp server command to specify an external reference source and the trusted key of this clock source as well.

3.3.3 NTP Access Control

Working Principle
Provide a minimum security measure by using an ACL.
Related Configuration



Configuring the Access Control Rights for NTP Services



By default, there is no access control right for NTP.



Run the ntp access-group command to configure the access control rights for NTP.

3.4 Configuration
Configuration
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(Mandatory)ItisusedtoenableNTP.AfterNTPisenabled,adeviceworksintheexternalclock
reference mode.
ntp server

Configures an NTP server.

ntp update-calendar

Automatically updates a hardware clock.

(Optional) It is used to configure a device to the local clock reference mode.
Configuring Basic Functions of

ntp master

NTP

Configures the NTP master clock.

(Optional) It is used to disable NTP.
no ntp
ntp disable
ntp service disable

Disables all functions of NTP and clears all NTP
configurations.
Disables receiving of NTP packets from a
specified interface.
Disablesthe NTPtimesynchronization service.

(Optional)Itisused topreventunreliableclocksourcesfromperformingtimesynchronization
interference on a device.
Configuring NTP Security
Authentication

ntp authenticate

Enables a security authentication mechanism.

ntp authentication-key

Configures a global authentication key.

ntp trusted-key
ntp server

Configures a trusted key for time
synchronization.
Configures a trusted key for an external
reference clock source.

(Optional) It is used to filter the sources of received NTP packets.

Configuring NTP Access Control

ntp access-group

Configures the access control rights for NTP.

3.4.1 ConfiguringBasicFunctionsofNTP

Configuration Effect



External Clock Reference Mode



Use a device as a client to synchronize time from an external reference clock source to the local clock.



After the time synchronization is successful, use the device as a time synchronization server to provide time synchronization.



Local Clock Reference Mode



Use the local clock of a device as the NTP reference clock source to provide time synchronization.

Notes



Intheclient/server mode, adevicecanbeused asa timesynchronization serverto provide timesynchronization only after
successfully synchronizing time with a reliable external clock source.



Oncethe local clock referencemode isconfigured, the systemwill not synchronize timewitha clock sourcewith a higher
stratum.
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Configuring a local clock as the master clock (especially when specifying a lower stratum) may overwrite an effective clock
source.Ifthiscommandisusedformultipledevicesinanetwork,theclockdifferencebetweenthedevicesmaycauseunstable
time synchronization of the network.



Beforealocalclockisconfiguredasthemasterclock,ifthesystemneversynchronizestimewithanexternalclocksource,you
may need to manually calibrate the system clock to ensure that there is no excessive difference. For details about how to
manually calibrate the system clock, refer to the system time configuration section in the configuration guide.

Configuration Steps



Configuring an NTP Server



(Mandatory) At least one external reference clock source must be specified (A maximum of 20 different external reference clock
sources can beconfigured).



If it is necessary to configure an NTP key, you must configure NTP security authentication before configuring the NTP server.



Automatically Updating a Hardware Clock



Optional.



By default, the system updates only the system clock, but not the hardware clock after successful time synchronization.



After this command is configured, the system automatically updates the hardware clock after successful time synchronization.



Configuring the NTP Master Clock



To switch a device to the local clock reference mode, run this command.



Disabling NTP



To disable NTP and clear NTP configurations, run the no ntp command.



By default, all interfaces can receive NTP packets after NTP is enabled. To disable NTP for a specified interface, run the ntp
disable command.



Disabling the NTP Time Synchronization Service



NTP works inclient/server mode. After the NTP device synchronizes time from an external reliable clock source, it serves as the
time server to provide the time synchronization service. If the device just needs to be served as an NTP client, configure the ntp
service disable command to disable the NTP time synchronization service.

Verification



Run the show ntp status command to display the NTP configuration.



Run the show clock command to check whether time synchronization is completed.

Related Commands



Configuring an NTP Server

Command

ntpserver[ oob | vrf vrf-name]{ ip-addr | domain |ipdomain | ipv6domain}[ version version] [ source if-name] [ key
keyid][ prefer] [ via mgmt-name ]

Parameter
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Description

vrf-name: Indicates the name of the VRF that is bound to the reference clock source.
ip-addr: Indicates the IPv4/IPv6 address of the reference clock source.
domain: Indicates the IPv4/IPv6 domain name of the reference clock source.
version: Indicates the NTP version number, ranging from 1 to 3.
if-name: Indicates the interface type, including AggregatePort, Dialer GigabitEthernet, Loopback, Multilink, Null,
Tunnel, Virtual-ppp, Virtual-template and VLAN.
keyid: Indicates the key used for communicating with the reference clock source, ranging from 1 to 4294967295.
prefer: Indicates whether the reference clock source has a high priority.
mgmt-name: Specifies the egress management interface for packets in the oob mode.

Command

Global configuration mode

Mode
Usage Guide

By default, no NTP server is configured. FS client system supports interaction with up to 20 NTP servers. You can
configure an authentication key for each server (after configuring global authentication and the related key) to
initiate encrypted communication with the servers.
Ifitisnecessarytoconfigureanauthenticationkey,youmustconfigureNTPsecurityauthenticationbefore
configuring an NTP server.
The default version of NTP for communicating with a server is NTP version 3. In addition, you can configure the
source interface for transmitting NTP packets and specify that the NTP packets from a corresponding server can be
received only on the transmitting interface.



Updating a Hardware Clock

Command

ntp update-calendar

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Local Reference Clock Source

Command

ntp master[stratum]

Parameter

stratum: specifies the stratum of a local clock, ranging from 1 to 15. The default value is 8.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Disabling NTP

Command

no ntp

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide
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Disabling Receiving of NTP Packets on an Interface

Command

ntp disable

Parameter

N/A

Description
Command

Interface configuration mode

Mode
Usage Guide



N/A

Disabling the Time Synchronization Service Provided by NTP

Command

ntp service disable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

Thiscommand disablestheNTPtimesynchronizationservice. Afterthiscommand isconfigured, externaldevices cannot
be synchronized time from the NTP device (this command is supported only in some versions).

Configuration Example



External Clock Reference Mode of NTP

Scenario
Figure 3-5



DEVICE-B is configured to the NTP external clock reference mode.



DEVICE-A is used as the reference clock source of DEVICE-B.



DEVICE-C synchronizes time with DEVICE-B.

Configuration



DEVICE-A configures the local clock as the NTP reference clock source.

Steps



DEVICE-B configures DEVICE-A as the reference clock source.



DEVICE-C configures DEVICE-B as the reference clock source.

DEVICE-A

A#configure terminal
A(config)# ntp master
A(config)#exit

DEVICE-B

B#configure terminal
B(config)#ntp server 192.168.1.1
B(config)# exit

DEVICE-C
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C(config)# ntp server 192.168.2.1
C(config)# exit
Verification



Run the show ntp status command on DEVICE-B to display the NTP configuration.



DEVICE-Bsends atimesynchronization packet to192.168.1.1 inorder tosynchronize timewithDEVICE-A.



After successfully synchronizing time with DEVICE-A, DEVICE-B can respond to the time synchronization
request fromDEVICE-C.



Run the show clock command on DEVICE-B and DEVICE-C tocheck whether the time synchronization is
successful.



Local Clock Reference Mode of NTP

Scenario
Figure 3-6



DEVICE-B configures the local clock as the NTP reference clock source.



DEVICE-C synchronizes time with DEVICE-B.

Configuration



DEVICE-B configures the local clock as the NTP reference clock source.

Steps



DEVICE-C configures DEVICE-B as the reference clock source.

DEVICE-B

B#configure terminal
B(config)# ntp master
B(config)# exit

DEVICE-C

C#configure terminal
C(config)#ntp server192.168.2.1
C(config)# exit

Verification



Run the show clock command on DEVICE-C to check whether the time synchronization is successful.

3.4.2 Configuring NTP Security Authentication

Configuration Effect



Synchronizing Time from a Trusted Reference Clock Source

Use a device as a client to synchronize time only from a trusted external reference clock source to the local clock.



Providing Time Synchronization for a Trusted Device

Use the local clock of a device as the NTP reference clock source to provide time synchronization for only a trusted device.
Notes
The authentication keys of the client and server must be the same.
Configuration Steps
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Configuring a Global Security Authentication Mechanism for NTP



Mandatory.



By default, a device disables the security authentication mechanism.



Configuring a Global Authentication Key for NTP



Mandatory.



By default, a device is not configured with an authentication key.



Configuring a Globally Trusted Key ID for NTP



Optional.



To provide time synchronization for a trusted device, you must specify a trusted authentication key by using the key ID.



Only one trusted key can be configured. The specified authentication key must be consistent with that of the trusted device.



Configuring an Authentication Key ID for an External Reference Clock Source



Optional.



To synchronize time with a trusted reference clock source, you must specify a trusted authentication key by using the key ID.



Eachtrustedreferenceclocksourceismappedtoanauthenticationkey.Theauthenticationkeysmustbeconsistentwiththe
keys of trusted reference clock sources.

Verification



Run the show run command to verify the NTP configuration.



Run the show clock command to check whether time is synchronized only with a trusted device.

Related Commands



Enabling a Security Authentication Mechanism

Command

ntp authenticate

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

By default, a client does not use a global security authentication mechanism. If no security authentication
mechanism is used, communication will not be encrypted. A global security indicator is not enough to imply that the
communication between the client and server is implemented in an encrypted manner. Other global keys and an
encryption key for the server must also be configured for initiating encrypted communication between the client
and server.



Configuring a Global Authentication Key

Command

ntp authentication-key key-id md5 key-string [enc-type]

Parameter

key-id: indicates the ID of a global authentication key, ranging from 1 to 4294967295.

Description

key-string: indicates a key string.
enc-type:(optional) indicates whether an entered keyisencrypted. 0 indicates no encryption, and 7 indicatessimple
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encryption. The default setting is no encryption.
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Trusted Key for NTP

Command

ntp trusted-key key-id

Parameter

key-id: Indicates the ID of a trusted key, ranging from 1 to 4294967295.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Trusted Key for an External Reference Clock Source

Refer to the section "Related Commands".
Configuration Example



Security Authentication

Scenario
Figure 3-7



DEVICE-B is configured to the NTP client/server mode and provides NTP services requiring security
authentication for DEVICE-C. The authentication key is "abcd".



DEVICE-A is used as the reference clock source of DEVICE-B.



DEVICE-C synchronizes time with DEVICE-B.

Configuration



DEVICE-B configures DEVICE-A as the reference clock source.

Steps



DEVICE-C configures DEVICE-B as the reference clock source.

DEVICE-B

B#configure terminal
B(config)#ntpauthentication-key1md5abcd
B(config)# ntp trusted-key 1
B(config)# ntp server 192.168.1.1
B(config)# exit

DEVICE-C

C#configure terminal
C(config)# ntp authentication-key 1 md5 abcd
C(config)# ntp server 192.168.2.1 key 1
C(config)# exit

Verification



DEVICE-B sends a time synchronization packet that carries authentication information to 192.168.1.1 in order to
synchronize time with DEVICE-A.
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Run the show clock command on DEVICE-B to check whether the time synchronization is successful.

3.4.3 Configuring NTP Access Control

Configuration Effect
Access control for NTP services provides a minimum security measure. A more secure method is to use an NTP authentication
mechanism.
Notes



Currently,thesystemdoesnotsupportcontrolquery(usedtocontrolNTPserversbyusingnetworkmanagementdevices,such
as setting the leap second indicator or monitoring its working status). Though rule matching is implemented in the preceding
sequence, no request related to control query is supported.



If no access control rule is configured, all accesses are allowed. If any access control rule is configured, only accesses allowed by
the rule can be implemented.

Related Configuration



Configuring the Access Control Rights for NTP



Optional.



Run the ntp access-group command to configure the access control rights and a corresponding ACL for NTP.

Verification
Run the show run command to verify the NTP configuration.
Related Commands



Configuring the Access Control Rights for NTP Services

Command

ntp access-group { peer | serve |serve-only | query-only }access-list-number | access-list-name

Parameter

peer:allowstimerequestand controlqueryforlocalNTPservices,and allowsalocaldevicetosynchronizetimewith

Description

a remote system (full access rights).
serve:allowstimerequestand controlqueryforlocalNTPservices,butdoesnot allowalocaldevicetosynchronize
time with a remote system.
serve-only: allows only time request for local NTP services.
query-only: allows only control query for local NTP services.
access-list-number: indicates the number of an IP ACL, ranging from 1 to 99 and from 1300 to 1999. For details about
how to create an IP ACL, refer to the Configuring ACL.
access-list-name:indicatesthenameof anIPACL. FordetailsabouthowtocreateanIPACL, refertotheConfiguring
ACL.

Command

Global configuration mode

Mode
Usage Guide

Configure NTP access control rights.
When an access request arrives, the NTP service matches rules in the sequence from the minimum access restriction
to the maximum access restriction and uses the first matched rule. The matching sequence is peer, serve, serve-only,
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and query-only.
Configuration Example



Configuring NTP Access Control Rights

Configuration
Steps

Allow only the device with the IP address of 192.168.1.1 to send a time synchronization request to a local device.
FS(config)# access-list 1 permit 192.168.1.1
FS(config)# ntp access-group serve-only 1

3.5 Monitoring
Displaying
Description

Command

show ntp status

Displays the current NTP information.

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

debug ntp

Enables debugging.

no debug ntp

Disables debugging.

4 Configuring SNTP
4.1 Overview
The Simple Network Time Protocol (SNTP) is a simplified version of Network Time Protocol (NTP), which is used to synchronize the
clocks of computers on the Internet. SNTP is applied in scenarios where it is unnecessary to use all NTP functions.
NTPuses a complex algorithmand has higher requirements for the systemwhereas SNTP usesa simpler algorithm and provides
higher performance. Generally, SNTP precision can reach about 1s, which meets the basic requirements of most scenarios. Since SNTP
packets are the same as NTP packets, the SNTP client implemented on a device is fully compatible with an NTP server.
Protocols and Standards



RFC 2030: Simple Network Time Protocol (SNTP) Version 4 for IPv4, IPv6 and OSI

4.2 Applications
Application

Description

SynchronizingTime withan NTP Server

A device is used as a client to synchronize time with an NTP server.
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4.2.1 Synchronizing Time with an NTP Server

Scenario
As shown in Figure 4-1, DEVICE-B uses a local clock as the NTP clock reference source and provides time synchronization for DEVICE-C.
DEVICE-C is used as an SNTP client to synchronize time with DEVICE-B.
Figure 4-1

Deployment



Specify DEVICE-B as the SNTP server of DEVICE-C.



Enable SNTPfor DEVICE-C.

4.3 Features
Basic Concepts



SNTP Packet

SNTPV4isdevelopedfromNTP,whichisintendedtosimplifythefunctionsofNTP.ItdoesnotchangetheNTPspecificationsandthe
original implementation of NTP.The message format of SNTPV4 is the same as that of NTP defined in RFC1305, with only some data
fields initialized into preset values.
As defined in RFC1305, SNTP uses User Datagram Protocol (UDP) packets for transmission and the used UDP port ID is 123.
Figure 4-2 shows the format of an SNTP time synchronization packet.
Figure 4-2 Format of an SNTP Time Synchronization Packet



Leap Indicator(LI): indicates a 2-bit leap second indicator.
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00: indicatesnowarning information; 01: indicatesthat there are61seconds inthepreviousminute; 10: indicates thatthereare
59 seconds in the previous minute; 11: indicates that the clock is not synchronized.



Version Number(VN): indicates a 3-bit NTP/SNTP version number. The current version number is 3.



Mode: indicates a 3-bit SNTP/NTP working mode.
0: indicates no definition; 1: indicates symmetric active; 2: indicates symmetric passive; 3: indicates a client; 4: indicates a server;
5: indicates broadcasting; 6: indicates control information; 7: reserved.



Stratum:indicatesthe8-bitstratumofalocalclock.0:indicatesnodefinition;1:indicatesthemasterclockreferencesource;
other values: indicate slave clock reference sources.



Poll Interval: indicates the poll interval (seconds), which is a 8-bit integer.



Precision: indicates the time precision (seconds) of a local clock, which is a 8-bit integer.



Root Delay: indicates the round-trip time to the master clock reference source, which is a 32-bit integer.



Root Dispersion: indicates the largest difference from the master reference clock source, which is a 32-bit integer.



Reference Clock Identifier: indicates the 32-bit identifier of a reference clock source.



Reference Timestamp: indicates a 64-bit timestamp, namely, the time that is set or corrected at the last time.



OriginateTimestamp:indicatesa64-bittimestamp,namely,thelocaltimewhenatimesynchronizationrequestleavesfroma
client.



Receive Timestamp: indicates a 64-bit timestamp, namely, the local time when a time synchronization request packet arrives at a
server.



Transmit Timestamp: indicates a 64-bit timestamp, namely, the local time when a time synchronization response packet leaves
from a server.



Authenticator (optional): indicates authentication information.

Overview
Feature

Description

SNTP Time

Synchronizes time from an SNTP/NTP server to a local device.

Synchronization
4.3.1 SNTPTimeSynchronization

Working Principle
SNTP time synchronization is implemented by interaction of SNTP/NTP packets between a client and a server. The client sends a time
synchronizationpacket totheserver atintervals (half an hour by default).After receiving aresponse packet fromthe server,theclient
synchronizes time.
Figure 4-3 shows the format of an SNTP time synchronization packet.
Figure 4-3 Working Principle of SNTP
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DEVICE-B (B for short) is used as an NTP reference clock source, DEVICE-A (A for short) is used as an SNTP client that synchronizes time
with DEVICE-B. At a time point, the local clock of A is 19:00:00 and the local clock of B is 19:30:20.
14.

A sends an SNTP/NTP request packet. The local time (T0) when the packet leaves from A is 19:00:00 and is filled in Originate
Timestamp.

15.

Aftera2-secondnetworkdelay,thelocaltime(T1)whenBreceivestherequestpacketis19:30:23andisfilledinReceive
Timestamp.

16.

B processes the NTP request and sends an NTP response packet one second later. The local time (T2) when the response packet
leaves from B is 19:30:24 and is filled in Transmit Timestamp.

17.

After a 2-second network delay, A receives the response packet. The local time (T3) when the response packet arrives at A is
19:00:06.

The specific calculations for time synchronization are as follows:



A obtains the time difference of 30 minutes and 20 seconds between B and A by using the formula ((T1-T0)+(T2-T3))/2.



A obtains the packet round-trip delay of four seconds between A and B by using the formula (T3-T0)-(T2-T1).

Related Configuration



Enabling SNTP



SNTP is disabled by default.



Run the sntp enable command to enable SNTP.



Configuring an SNTP Server



By default, no SNTP server is configured.



Run the sntp server command to specify an SNTP server.



Configuring the SNTP Time Synchronization Interval



By default, the SNTP time synchronization interval is 1,800s.



Run the sntp interval command to specify the time synchronization interval.
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4.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable SNTP.

Configuring SNTP

sntp enable

Enables SNTP.

sntp server

Configures the IP address of an SNTP server.

(Optional) It is used to configure the SNTP time synchronization interval.
sntp interval

Configures the SNTP time synchronization
interval.

4.4.1 Configuring SNTP

Configuration Effect
An SNTP client accesses an NTP server at fixed intervals to correct the clock regularly.
Notes
AlltimeobtainedthroughSNTPcommunicationisGreenwichMeanTime(GMT).Toobtainpreciselocaltime,youneedtosetthelocal
time zone for alignment with GMT.
Configuration Steps



Enabling SNTP



(Mandatory) SNTP is disabled by default.



Configuring the IP address of an SNTP Server



(Mandatory) No SNTP/NTP server is configured by default.



Configuring the SNTP Time Synchronization Interval



Optional.



By default, a device synchronizes time every half an hour.

Verification
Run the show sntp command to display SNTP-related parameters.
Related Commands



Enabling SNTP

Command

sntp enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

SNTP is disabled by default.
Run the no sntp enable global configuration command to disable SNTP.
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Configuring the IP address of an SNTP/NTP Server

Command

sntp server [ oob ] ip-address [ via mgmt-name ]

Parameter

ip-address: indicates the IP address of an NTP/SNTP server. No NTP/SNTP server is configured by default.

Description
oob: indicates that the NTP/SNTP server supports an out-band management interface (interface of mgmt).
mgmt-name: Specifies the egress management interface for packets in the oob mode.
Command

Global configuration mode

Mode
Usage Guide

Since SNTP is fully compatible with NTP, the server can be configured as a public NTP server on the Internet.
Since SNTP packets are the same as NTP packets, the SNTP client is fully compatible with the NTP server. There are
manyNTPserverson theInternet.YoucanselectanNTPserverwithashorterdelay astheSNTPserveron your
device.



Configuring the SNTP Time Synchronization Interval

Command

sntp interval seconds

Parameter

seconds: Indicates the time synchronization interval, ranging from 60s to 65,535s. The default value is 1,800s.

Description
Command

Global configuration mode

Mode
Usage Guide

Run this command to set the interval for an SNTP client to synchronize time with an NTP/SNTP server.
The interval configuredhere doesnot takeeffectimmediately.Tomakeit takeeffectimmediately, run thesntp
enable command.

Configuration Example



SNTP Time Synchronization

Scenario
Figure 4-4

Configuration



DEVICE-B indicates an NTP server on the Internet.



DEVICE-C synchronizes time with DEVICE-B.

Enable SNTP for DEVICE-C and configure DEVICE-B as an NTP server.

Steps
DEVICE-C

C#configure terminal
C(config)# sntp server 192.168.2.1
C(config)# sntp enable
C(config)# exit

Verification



Run the show clock command on DEVICE-C to check whether the time synchronization is successful.



Run the show sntp command on DEVICE-C to display the SNTP status and check whether the server is
successfully configured.
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4.5 Monitoring
Displaying
Description

Command

show sntp

Displays SNTP-related parameters.

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

debug sntp

Enables debugging.

5 Configuring SPAN-RSPAN
5.1 Overview
The Switched Port Analyzer (SPAN)is tocopy packets of a specified port toanother switchport that is connectedto anetwork
monitoring device, so as to achieve network monitoring and troubleshooting.
All input and output packets of a source port can be monitored through SPAN. For example, as shown in the following figure, all
packetson Port 5aremapped toPort 10, and thenetwork analyzerconnected toPort 10receives allpacketsthat pass through Port 5.
Figure 5-1 SPAN Configuration Instance

The SPANfunction is mainly applied in network monitoring and troubleshooting scenarios, to monitor network information and
rectify network faults.
The RemoteSPAN(RSPAN),an extension toSPAN,iscapable of remotelymonitoringmultiple devices.Each RSPANsessionis
established in a specified remoteVLAN. RSPANbreaks through the limitationthat a mirrored port and a mirroring port must resideon
thesamedevice,and allowsamirroredporttobe severalnetworkdevicesawayfromamirroringport.Userscanobservedatapackets
of the remote mirrored port by using an analyzer in the central equipment room.
The application scenarios of RSPAN are similar to those of SPAN. RSPAN allows users to conduct real-time data monitoring without
staying in the equipment room, providing great convenience for users.
VLAN SPAN (VSPAN) considers data streams of some VLANs as data sources and mirrors them to a destination port. The configuration
is similar to that of the port-based SPAN. VSPAN has the following features:



A VLAN that is not a remote VLAN can be specified as the data source of VSPAN.
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Some VLANs that are not remote VLANs can be specified as the data sources of VSPAN.
When a VLAN is configured as a data source, packets only in the Rx direction can be mirrored.

5.2 Applications
Application

Description

Stream-based SPAN

Datastreamswithcertaincharacteristicsneedtobe monitored, forexample, datastreamsusing
a specified access control list (ACL) policy need to be monitored.

One-to-Many RSPAN

Multiple users need to monitor data of the same port.

RSPAN Basic Applications

Packets on the mirroring source device need to be mirrored to the destination device for
monitoring.

5.2.1 Stream-based SPAN

Scenario
As shown in the following figure, the network analyzer can be configured to can monitor all data streams forwarded by Switch A to
Switch B and specific data streams of Switch B (for example, data streams from PC1 and PC2).
Figure 5-2 SPAN Simple Application Topology

Remarks

0000.0000.0001istheMAC addressofPC1.
0000.0000.0002istheMAC addressofPC2.

Deployment



In the preceding figure, configure the SPANfunction on Switch A connected tothe network analyzer,set port Gi 0/1 connected
to Switch B as the SPANsource port, and set port Gi 0/2 that is directly connected to the network analyzer as the SPAN
destination port.



Configure stream-based SPAN (only data streams of PC1and PC2 are allowed) for the source port Gi 0/1 of SPAN.

5.2.2 One-to-Many RSPAN

Scenario
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As shown in the following figure, one-to-many RSPANcan be implemented on a single device, that is, both PC 1 and PC 2 can be
configured to monitor the transmitted and received traffic of the port connected to the server. Users can make proper configuration
(for example,remoteVLANand port MACloopback)tomonitor datastreams that passthrough port Gi 4/1on PC1and PC2, thereby
monitoring data streams of the server.
Figure 5-3 Application Topology of One-to-Many RSPAN

Deployment



Create a remote VLAN on Switch A.



Configure Switch A as the source device of RSPANand configure the port Gi 4/1 that is directly connected to the server as the
RSPANsource port. Select a port that is inthe Down state, Gi 4/2 in this example, as the RSPANoutput port, add this port tothe
remote VLAN, and configure MAC loopback (run the mac-loopback command in interface configuration mode).



Add ports that are directly connected to PC 1 and PC 2 to the remote VLAN.
Run the mac-loopback remove-itag command if removal of the inner VLAN tag in the input direction of the loopback port is
needed.

5.2.3 RSPAN Basic Applications

Scenario
Asshownin thefollowing figure,the RSPANfunctionenables the networkanalyzer tomonitor theSTAconnected tothesourcedevice
Switch A fromthe destination device Switch C through the intermediate device Switch B.The devices can normally exchange data
with each other.
Figure 5-4 Basic Application Topology of RSPAN
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Deployment




Configure a remote VLAN on Switch A, Switch B, and Switch C.
On SwitchA, configure port Gi 0/1 directly connected to the STAas the source port, configure port Gi 0/2 connected to Switch B
as the output port, and configure the switching function for the output port.




On Switch B, configure port Gi 0/1 connected to Switch A and port Gi 0/2 connected to Switch C as common ports.
On SwitchC, configure port Gi0/1 connected to Switch B as a common source port, configure port Gi 0/2 connected to the
network analyzer as the RSPANdestination port, and configure the switching function for the RSPANdestination port.

5.3 Features
Basic Concepts



SPAN Session

ASPANsessionisdatastreams betweentheSPANsourceport and thedestinationport, whichcanbe usedtomonitor thepackets of
one or more ports in the input, output, or both directions. Switched ports, routed ports, and aggregate ports (APs) can be configured
as source ports or destination ports of SPANsessions. Normal operations on a switch are not affected after ports of the switch are
added to a SPAN session.
Users can configure a SPAN session on a disabled port but the SPAN session is inactive. A SPAN session is in the active state only after
theport onwhichthe SPANsessionisconfiguredisenabled.Inaddition,aSPANsessiondoesnottakeeffectafteraswitchispowered
on. It is active only after the destination port is in the operational state. Users can run the show monitor [ session session-num]
command to display the operation status of a SPAN session.



SPAN Data Streams

A SPAN session covers data streams in three directions:



Input data streams: All packetsreceived by a sourceport are copied tothe destination port. Userscan monitor input packetsof
one or more source ports in a SPANsession. Some input packets of a source port may be discarded for some reasons (for
example, for the sake of port security). It does not affect the SPANfunction and such packetsare still mirrored tothe destination
port.



Output data streams: All packets transmitted by a source port are copied to the destination port. Users can monitor output
packetsofoneor moresourceportsinaSPANsession.Packetstransmittedfromotherportstoasourceportmaybediscarded
for some reasons and such packets will not be transmitted to the destination port. The format of output packets of a source port
maybechanged forsome reasons.For example, afterrouting, packetstransmittedfromthesourceport arechangedinsource
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MAC addresses, destination MAC addresses, VLAN IDs, and TTLs, and their formats are also changed after copied to the
destination port.



Bidirectional data streams: Bidirectional data streams include input data streams and output data streams. In a SPAN session,
users can monitor data streams of one or more source ports in the input and output directions.



Source Port

Asourceport iscalledamonitored port.InaSPANsession,datastreams ofthesourceportare monitoredfornetworkanalysisand
troubleshooting.Ina singleSPANsession, userscan monitor theinput, output,and bidirectional datastreams, and the number of
source ports is not restricted.
A source port has the following features:



A source port can be a switched port, routed port, or AP.



A source port cannot be used as a destination port simultaneously.



A source port and a destination port can belong to the same VLAN or different VLANs.



Destination Port

ASPANsessionhasone destinationport (calledamonitoringport)forreceivingpacketscopiedfromasourceport.
A destination port has the following features:



A destination port can be a switched port, routed port, or AP.



A destination port cannot be used as a source port simultaneously.

Overview
Feature

Description

SPAN

Configures mirroring of ports on the same device.

RSPAN

Configures mirroring of ports on different devices.

5.3.1 SPAN

SPANis used to monitor data streams on switches. It copies frames on one port to another switch port that is connected to a network
analyzer or RMON analyzer so as to analyze the communication of the port.
Working Principle
When a port transmits or receive packets, SPAN, after checking that the port is configured as a SPAN source port, copies the packets
transmitted and received by the port to the destination port.



Configuring a SPAN Source Port

UsersneedtospecifyaSPANsessionIDandsourceportIDtoconfigureaSPANsourceport,andsettheoptionalSPANdirectionitem
to determine the direction of SPAN data streams or specify an ACL policy to mirror specific data streams.



Configuring a SPAN Destination Port

UsersneedtospecifyaSPANsessionIDand destinationportIDtoconfigureaSPANdestinationport,and settheoptionalswitching
function item to determine whether to enable the switching function and tag removal function on the SPAN destination port.
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Related Configuration
TheSPANfunctionisdisabledbydefault.Itisenabledonlyafterasessioniscreated,andtheSPANsourceanddestinationportsare
configured. A SPAN session can be created when a SPAN source port or destination port is configured.



Configuring a SPAN Source Port

A SPAN session does not have a SPAN source port by default. Users can run the following command to configure a SPAN source port:
monitorsessionsession-num sourceinterfaceinterface-id[both|rx|tx][aclname]
In the precedingcommand:
session-num: Indicates the SPAN session ID. The number of supported SPAN sessions varies with products.
interface-id: Indicates the SPAN source port to be configured.
rx: Indicates that only packets received by the source port are monitored after rx is configured.
tx: Indicates that only packets transmitted by the source port are monitored after tx is configured.
both: Indicates that packets transmitted and received by the source port are copied to the destination port for monitoring after both
is configured, that is, both includes rx and tx. If none of rx, tx, and both is selected, both is enabled by default.
acl:SpecifiesanACLpolicy.Afterthisoptionisconfigured,packetsallowedbytheACLpolicyonthesourceportaremonitored.This
function is disabled by default.



Configuring a SPAN Destination Port

ASPANsessiondoesnothaveaSPANdestinationportbydefault.UserscanrunthefollowingcommandtoconfigureaSPAN
destination port:
monitor session session-num destination interface interface-id [switch ]
In the precedingcommand:
switch: Indicates that the SPAN destination port only receives packets mirrored from the SPAN source port and discards other packets
if this option is disabled, and receives both packets mirrored from the SPANsource port and packets from non-source ports if this
option is enabled, that is, the communication between this destination port and other devices is not affected.
When the SPAN destination port is configured, the relevant function is disabled by default if switch is not configured.



Configuring Stream-based SPAN

This function is disabled by default. Users can run the monitor session session-num source interface interface-id rxacl acl-name
command to configure stream-based SPAN.
Pay attention to the following points when using SPAN:
The SPAN destination port is used for the Spanning Tree Protocol (STP) calculation.
SPAN is unavailable if a source port or destination port is disabled.
IfaVLAN(orVLANlist)isusedasaSPANsource,ensurethatthedestinationporthassufficientbandwidthforreceivingmirrored
data of the VLAN (or VLAN list).
Not all products support all options of the preceding commands because of product differences.
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5.3.2 RSPAN

RSPAN is capable of monitoring multiple devices. Each RSPAN session is established in a specified remote VLAN. RSPAN breaks
through the limitation that a mirrored port and a mirroring port must reside on the same device, and allows a mirrored port to be
several network devices away from a mirroring port.
Working Principle
A remote VLAN is created for the source device, intermediate device, and destination device, all ports involved in an RSPAN session
need to be added to the remoteVLAN. Mirrored packets are broadcasted in the remoteVLAN so that they are transmitted from the
source port of the source switch to the destination port of the destination switch.



Configuring a Remote VLAN

Packetsfroman RSPANsourceport arebroadcastedinaremoteVLAN soas tobecopied fromthelocalswitch tothe remoteswitch.
The RSPANsourceport, output port, reflectionport, transparent transmissionports of the intermediatedevice(packet input port and
output port of the intermediate device), destination port and input port of the destination port must be added to the remote VLAN.
TheRSPANfunctionrequiresconfiguringaVLANasaremoteVLANinVLANmode.TheremoteVLANconfigurationintheloopback
topology will become invalid after the VLAN interface is created.



Configuring an RSPAN Session

The configuration of the RSPANsourceport and destination port are similar to that of the SPANsource port and destination port, but
the mirroring session ID specified during configuration must be the ID of an RSPAN session.



Configuring an RSPAN Source Port

TheconfigurationofanRSPANsourceport isthesameas thatof aSPANsourceport,but thespecifiedmirroringsessionIDmustbe
the ID of an RSPAN session.



Configuring an RSPAN Output Port

The output port is located on the source device and must be added to a remote VLAN. Mirrored packets of a source port are
broadcastedinthisremoteVLAN.Thesourcedevicetransmitspacketstotheintermediateswitchordestinationswitchthrough the
output port.



Configuring an RSPAN Destination Port

When an RSPAN destination port is configured, an RSPAN session ID, remote VLAN, and port name must be specified so that packets
from the source port are copied to the destination port through the remote VLAN.



Configuring Stream-based RSPAN

RSPAN is an extension to SPAN and also supports stream-based mirroring. The configuration is the same as that of stream-based SPAN.
Stream-based RSPAN does not affect normal communication.
Users can configure an ACL in the input direction of a source port on an RSPAN source device. Standard ACLs, extended ACLs, MAC
ACLs, and user-defined ACLs are supported.
Users can configure a port ACL in the input direction of a source port on an RSPANsource device, and configure a port ACL in the
output direction of the destination port on the RSPANdestination device. Users can also configure an ACL inthe output direction of a
remoteVLAN onan RSPANsourceswitchand configurean ACLintheinput direction oftheremoteVLANon theRSPANdestination
switch.
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Configuring One-to-Many RSPAN

Ifdatastreams ofone sourceport needtobemirroredtomultipledestinationports,userscanconfigureanRSPANsession,configure
thesourceport of theRSPANsessionas aone-to-many mirroringsourceport and select another Ethernet port as the forwardingport
(output port on the source device).In addition, the MAC loopback function needs to be configured on the RSPANforwarding port in
interface configuration mode, the expected RSPANoutput port and RSPANforwarding port need tobe added to the remoteVLAN.
Then, mirrored packets are looped back on the RSPAN forwarding port and then broadcasted in the remote VLAN, thereby
implementing one-to-many RSPAN.
Related Configuration
The RSPAN function is disabled by default. It is enabled only after an RSPAN session is created, and a remote VLAN, RSPAN source port,
and RSPAN destination port are configured.



Configuring a Remote VLAN

No remote VLAN is specified for RSPAN by default. Users can run the remote-span command in VLAN mode to configure a VLAN as a
remote VLAN. One remote VLAN corresponds to one RSPAN session.



Configuring an RSPAN Source Device

This function is disabled by default. Users can run the monitor session session-numremote-source command in global configuration
mode to configure a device as the remote source device of a specified RSPAN session.



Configuring an RSPAN Destination Device

This function is disabled by default. Users can run the monitor session session-numremote-destination command in global
configuration mode to configure a device as the remote destination device of a specified RSPAN session.



Configuring an RSPAN Source Port

AsourceportofanRSPANsessionisconfiguredonthesourcedevice.TheconfigurationisthesameasthatofaSPANsourceportbut
an RSPAN session ID needs to be specified. This function is disabled by default.



Configuring an Output Port on the RSPAN Source Device

This function is disabled by default. Users can run the monitor session session-num destination remote vlan remote-vlan interface
interface-name [ switch ] command in global configuration mode to configure an output port on the RSPANsource device. If the
option switch is configured, the output port can participate in normal data packet switching. It is not configured by default. The
output port must be added to a remote VLAN.



Configuring a Destination Port on the RSPAN Destination Device

This function is disabled by default. Users can run the monitor session session-num destination remote vlan remote-vlan interface
interface-name [ switch] command inglobal configuration mode toconfigure adestination port on the RSPANdestination device. If
the option switch is configured, the destination port can participate in normal data packet switching. It is not configured by default.
The destination port must be added to a remote VLAN.
Pay attention to the following points when using RSPAN:
AremoteVLANmustbeconfiguredoneachdevice,theirVLANIDsmustbeconsistent,andallportsthatparticipateinasession
must be added to the VLAN.
It is not recommended that common ports be added to a remote VLAN.
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Do not configure aport that isconnectedtoan intermediate switchor destination switchas an RSPANsourceport. Otherwise,
traffic on the network may be in chaos.

5.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to create SPAN.
monitor session session-num source interface interface-id [ both | rx | tx ]

Configuring
SPAN Basic
Functions

monitor session session-num destination interface interface-id[ switch]
monitor session session-num source interface interface-id rxacl acl-name
monitor session session-num source vlan vlan-id [ rx ]
monitor session session-num filter vlan vlan-id-list [ rx | tx | both ]

ConfiguresaSPANsourceport.
ConfiguresaSPANdestination
port.
Configures stream-based
SPAN.
Specifies a VLAN as the data
source of SPAN.
Specifies some VLANs as the
data sources of SPAN.

(Mandatory) It is used to create RSPAN.
Configures an RSPAN session
monitor session session-num remote-source

ID and specifies a source
device.
Configures an RSPAN session

Configuring

monitor session session-num remote-destination

device.

RSPAN Basic
Functions

ID and specifies a destination

remote-span
monitor session session-num source interface interface-id [ both | rx | tx ]

Configures a remote VLAN.
Configures an RSPAN source
port.
Configures an output port on

monitor session session-num destination remote vlan remote-vlan-id interface the RSPAN source device or a
interface-id [ switch ]

destination port on the RSPAN
destination device.

5.4.1 Configuring SPAN Basic Functions

Configuration Effect



Configure a source and destination ports for a SPAN session.



Configure a destination port to monitor any packets transmitted and received by a source port.

Notes



Iftheswitchfunction isdisabledon aSPANdestinationport, thedestination port receivesonly mirroredpackets and discards
other packets that pass through the port. After the switch function is enabled, the destination port can receive non-mirrored
packets.

Configuration Steps

www.fs.com

2370

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Configuring a SPAN Session



Global configuration mode. Mandatory.



YoucanconfigureaSPANsessionwhenconfiguringaSPANsourceportordestinationport,orwhen configuringaspecified
VLAN or some VLANs as a data source or data sources of SPAN.



Configuring a SPAN Source Port



Global configuration mode. Mandatory.



YoucanselecttheSPANdirectionwhen configuringaSPANsourceport.Thebothdirectionisconfiguredbydefault,thatis,
both transmitted and received packets are monitored.



Configuring a SPAN Destination Port
Global configuration mode. Mandatory.
A SPAN session is active only when a SPAN source port is configured (or a VLAN is specified as the data source of SPAN) and a
SPAN destination port is configured.

Verification



RuntheshowmonitorcommandortheshowrunningcommandtoverifytheSPANconfiguration.Alternatively,conduct
packet captureanalysison the SPANdestination port and checkwhether the SPANfunction takeseffect accordingtothe
captured packets.

Related Commands



Configuring a SPAN Source Port

Command
Parameter
Description

monitor session session-num source interface interface-id [ both | rx |tx]
session-num: Indicates the ID of a SPAN session.
interface-id: Indicates the interface ID.
both: Indicates that packets in the input and output directions are monitored. It is the default value.
rx: Indicates that packets in the input direction are monitored.
tx: Indicates that packets in the output direction are monitored.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a SPAN Destination Port

Command
Parameter
Description

monitor session session-num destination interface interface-id[ switch]
session-num: Indicates the ID of a SPAN session.
interface-id: Indicates the interface ID.
switch: Indicates that the switching function is enabled on the SPAN destination port. It is disabled by default.

Command
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Mode
Usage Guide



N/A

Configuring Stream-based SPAN

Command
Parameter
Description

monitor session session-num source interface interface-id rx acl acl-name
session-num: Indicates the ID of a SPAN session.
interface-id: Indicates the interface ID.
acl-name: Indicates an ACL name.

Command

Global configuration mode

Mode
Usage Guide



N/A

Specifying a VLAN as the Data Source of SPAN

Command

monitor session session-num source vlan vlan-id [rx]

Parameter

session-num: Indicates the ID of a SPAN session.

Description

vlan-id: Indicates a specified VLAN ID.
rx: Indicates that packets in the input direction are monitored.

Command

Global configuration mode

Mode
Usage Guide



N/A

Specifying Some VLANs as the Data Sources of SPAN

Command

monitor session session-num filter vlan vlan-id-list [ rx | tx | both ]

Parameter

session-num: Indicates the ID of a SPAN session.

Description

vlan-id-list: Indicates some specified VLAN IDs.
rx: Indicates that packets in the input direction are monitored.
tx: Indicates that packets in the output direction are monitored.
both: Indicates that packets in both input and output directions are monitored. (Default settings)

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



The following uses SPAN as an example.
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Scenario
Figure 5-5

Configuration
Steps



As shown in Figure 5-5, add ports Gi 0/1 and Gi 0/2 of Device A to VLAN 1.



Create SVI 1 and set the address of SVI 1 to 10.10.10.10/24.



Set IP addresses of PC 1 and PC 2 to 10.10.10.1/24 and 10.10.10.2/24 respectively.



ConfigureSPANforDeviceAand configureports Gi0/1 and Gi 0/2as thesourceport and destination portof SPAN
respectively.

A

FS# configure
FS(config)# vlan 1
FS(config-vlan)# exit
FS(config)# interface vlan 1
FS(config-if-VLAN 1)# ip address 10.10.10.10 255.255.255.0
FS(config-if-VLAN 1)# exit
FS(config)# monitor session 1 source interface gigabitEthernet 0/1
FS(config)# monitor session 1 destination interface gigabitEthernet 0/2

Verification

Run the show monitor command tocheck whether SPANis configured correctly. After successful configuration, PC 1
sends ping packets to SVI 1 and PC 2 conducts monitoring by using the packet capture tool.

A

FS# show monitor
sess-num: 1
span-type: LOCAL_SPAN
src-intf:
GigabitEthernet 0/1

frame-type Both

dest-intf:
GigabitEthernet 0/2
Common Errors



The sessionIDspecified during configurationof the SPANsourceport isinconsistent withthat specifiedduring configurationof
the SPAN destinationport.



Packet loss may occur if packets of a port with large bandwidth are mirrored to a port with small bandwidth.
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5.4.2 Configuring RSPAN Basic Functions

Configuration Effect



Configurea sourceport and destination port onthe sourcedeviceof anRSPANsessionand configurethedestination port on
the destination device.



Configure thedestination port on the RSPANdestination devicetomonitor any packets that are transmitted or received bythe
source port.

Notes



IftheswitchfunctionisdisabledonanRSPANdestinationport,thedestinationport receivesonlymirroredpacketsand discards
other packets that pass through the port. After the switch function is enabled, the destination port can receive non-mirrored
packets.



All ports involved in RSPAN must be added to a remote VLAN.



AremoteVLAN must be createdon an intermediatedeviceand transparent transmissionports mustbe added tothe remote
VLAN.

Configuration Steps



Configuring an RSPAN Session



Global configuration mode. Mandatory.



The same session ID needs to be configured on the RSPAN source device and RSPAN destination device.



Configuring an RSPAN Source Device



Global configuration mode. Mandatory.



It is used to specify a device to be monitored by RSPAN.



Configuring an RSPAN Destination Device



Global configuration mode. Mandatory.



It is used to specify the destination device for outputting RSPAN packets.



Configuring an RSPAN Source Port



Global configuration mode. Mandatory.



Complete the configuration on an RSPAN source device. After configuration, RSPAN monitoring can be conducted on packets of
theRSPANsourceport.YoucanspecifyRSPANtomonitorremoteVLANpacketsintheinput direction, outputdirection, orboth
directions of the RSPAN source port.



Configuring an RSPAN Output Port



Global configuration mode. Mandatory.



CompletetheconfigurationonanRSPANsourcedevice.Afterconfiguration,mirroredpacketsreceivedbytheportsaddedto
the remote VLAN can be transmitted to the RSPAN destination device through the output port.



Configuring an RSPAN Destination Port



Global configuration mode. Mandatory.
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Complete the configuration on the RSPAN destination device. After configuration, the RSPAN destination device forwards
mirrored packets received by the ports added to the remote VLAN to the monitoring device through the destination port.

Verification



RuntheshowmonitorcommandortheshowrunningcommandtocheckwhetherRSPANissuccessfullyconfiguredoneach
device,or conduct packet captureon thedestinationmirroringport onthe RSPANdestination deviceto checkwhether packets
mirrored from the source port of the RSPAN source device are captured.

Related Commands



Configuring an RSPAN Source Device

Command

monitor session session-num remote-source

Parameter

session-num: Indicates the ID of an RSPAN session.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring an RSPAN Destination Device

Command

monitor session session-num remote-destination

Parameter

session-num: Indicates the ID of an RSPAN session.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Remote VLAN

Command

remote-span

Parameter

N/A

Description
Command

VLAN mode

Mode
Usage Guide



N/A

Configuring an RSPAN Source Port

Command

monitor session session-num source interface interface-id [ both | rx | tx ][acl acl-name]

Parameter

session-num: Indicates the ID of an RSPAN session.

Description

interface-id: Indicates the interface ID.
both: Indicates that packets in the input and output directions are monitored. It is the default value.
rx: Indicates that packets in the input direction are monitored.
tx: Indicates that packets in the output direction are monitored.
acl-name: Indicates an ACL name.

Command

Global configuration mode

Mode
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Usage Guide



The configuration is the same as that of a SPAN source port but an RSPAN session ID needs to be specified.

Configuring an Output Port on the RSPAN Source Device

Command

monitor session session-num destination remote vlan remote-vlan interface interface-id [ switch ]

Parameter

session-num: Indicates the ID of an RSPAN session.

Description

remote-vlan:IndicatesaremoteVLAN.
interface-id: Indicates the interface ID.
switch: Indicates whether the port participates in packet switching.

Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Destination Port on the RSPAN Destination Device

Command

monitor session session-num destination remote vlan remote-vlan interface interface-id [ switch ]

Parameter

session-num: Indicates the ID of an RSPAN session.

Description

remote-vlan:IndicatesaremoteVLAN.
interface-id: Indicates the interface ID.
switch: Indicates whether the port participates in packet switching.

Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Configuring One-to-Many RSPAN

Scenario
Figure 5-6

Configuration
Steps

A

www.fs.com



As shown in the preceding figure, configure a remote VLAN on Switch A, Switch B, and Switch C.



Configure the source port, output port and loopback port on Switch A.



Configure the destination port on Switch B and Switch C.

FS# configure
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FS(config)# vlan 7
FS(config-vlan)# remote-span
FS(config-vlan)# exit
FS(config)# monitor session 1 remote-source
FS(config)# monitor session 1 source interface fa 0/1 both
FS(config)#monitorsession1destinationremotevlan7interfacefa0/2switch
FS(config)# interface fa0/2
FS(config-if)# mac-loopback
FS(config-if)# switchport access vlan 7
FS(config-if)# exit
FS(config)# interface range fa0/3-4
FS(config-if-range)# switchport mode trunck
B, C

FS(config)# vlan 7
FS(config-vlan)# remote-span
FS(config-vlan)# exit
FS(config)# monitor session 1 remote-destination
FS(config)# monitor session 1 destination remote vlan 7 interface fa 0/2
FS(config)# interface fa0/1
FS(config-if)#switchport mode trunck

Verification

Run the show monitor command or the show running command on Switch A, Switch B, and SwitchC to check whether
RSPAN is configured successfully.

A

FS# show monitor
sess-num: 1
span-type: SOURCE_SPAN
src-intf:
FastEthernet 0/1

frame-type Both

dest-intf:
FastEthernet 0/2
Remote vlan 7
mtp_switch on
B

FS# show monitor
sess-num: 1
span-type: DEST_SPAN
dest-intf:
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FastEthernet 0/2
Remote vlan 7
mtp_switch on
C

FS# show monitor
sess-num: 1
span-type: DEST_SPAN
dest-intf:
FastEthernet 0/2
Remote vlan 7
mtp_switch on

Common Errors



AremoteVLANmustbeconfiguredonthesourcedevice,intermediatedevice,anddestinationdevice,andtheirVLANIDsmust
be consistent.



Packet loss may occur if packets of a port with large bandwidth are mirrored to a port with small bandwidth.



Multiple output ports need to be configured to implement one-to-many RSPAN.

5.5 Monitoring
Displaying
Description

Command

Displays all mirroring sessions existing in

show monitor

the system.
Displays a specified mirroring session.

show monitor session session-id

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs SPAN.

debug span

6 Configuring ERSPAN
6.1 Overview
EncapsulatedRemote Switched Port Analyzer (ERSPAN)is an extension to Remote Switched Port Analyzer (RSPAN).SPANdata packets
of commonRSPANscan be transmittedonly within Layer 2and cannot pass through routingnetworks.However, an ERSPANcan
transmit SPAN packets between routing networks.
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An ERSPAN encapsulates all SPAN packets into IP packets through a generic routing encapsulation (GRE) tunnel, and routes them to
the destination port of an RSPAN device. The following figure shows the topology of a typical application:
Figure 6-1 Topology of a Typical ERSPAN GRE Tunnel Application

There are two kinds of roles played by the devices in the figure:



Sourceswitch:AsourceswitchreferstotheswitchwheretheERSPANsourceport resides.Itcopiesthepacketsonthesource
port, outputs the copies from the output port, encapsulates them into IP packets, and forwards the IP packets to the destination
switch.



Destinationswitch:Adestinationswitchreferstotheswitchwhere theERSPANdestinationport resides.Itputsthereceived
SPAN packets through the SPAN destination port, decapsulates them into GRE packets, and then forwards the GRE packets to
the monitoring device.

To implement ERSPAN, the GRE-encapsulate IP packets must be able to be normally routed to the destination SPAN device.

6.2 Applications
Application

Description

Basic ERSPAN Applications

Packets on the SPAN source device need to be mirrored to the destination device for
monitoring.

6.3 Basic ERSPAN Applications
Scenario
Asshowninthefollowingfigure,ERSPANenablesthenetworkanalyzertomonitortheusersconnectedtothesourcedeviceSwitchA.
The devices can normally exchange data with each other.
Figure 6-2 Topology of Basic ERSPAN Applications
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Deployment



On Switch A, configure the port directly connected to users (Gi 0/1) as a source port, and configure the port connected to
Switch B (Gi 0/2) as an output port.



OnSwitchB, theports connectedtoSwitchAand SwitchC(Gi0/1 andGi 0/2) arerespectivelymember interfacesofswitch
virtual interface(SVI) interfaces of two network segments, ensuring interworking between the twoIP network segments.

6.4 Features
Basic Concepts



ERSPAN Session

SPANdatapacketsofcommonRSPANscanbetransmittedonlywithinLayer2and cannotpass throughroutingnetworks.However,
ERSPAN mirroring allows SPAN packets to be transmitted between routing networks. An ERSPAN encapsulates all SPAN packets into IP
packetsthroughaGREtunnel,androutesthemtothedestinationportofanRSPANdevice.AnERSPANcanmonitorinput,output,and
bidirectional packets of one or more ports. Ports such as a switched port, routed port and aggregate port (AP) can be configured as a
source port for an ERSPAN session. The switch is not affected after the port is added to an ERSPAN session.



Source Port

Asourceportisalsocalledamonitoredport.InanERSPANsession,datastreamsofthesourceportaremonitoredfornetworkanalysis
andtroubleshooting.InasingleERSPANsession,userscanmonitortheinput,output,and bidirectional datastreams,and thenumber
of source ports is not limited. A source port has the following features:



A source port can be a switched port, routed port, or an AP.



It supports mirroring of multiple source ports on the source device to the designated output ports.



The sourceport and output port cannot be on the same port; when the SPANsourceport isa Layer-3 interface,both Layer-2
and Layer-3 packets are monitored.



When multiple ports are bidirectionally monitored, a packet is input from a port and output from the other. Such monitoring is
considered correct if only one packet is monitored.
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When the status of enabled Spanning TreeProtocol (STP) port isin block state, the input and output packets on the port can be
monitored;



Source port and destination port can belong to the same VLAN or different VLANs.

Overview
Feature

Description

ERSPAN

Configures SPAN on different Internet ports.

6.4.1 ERSPAN

Encapsulated ERSPAN is an extension of RSPAN.SPAN data packets of common RSPANs can be transmitted only within Layer 2 and
cannot pass through routing networks. However, an ERSPAN can transmit SPANpackets between routing networks.
Working Principle
AllthemirroredpacketsareencapsulatedintoIPpacketsthrough aGREtunnel,and routedtothedestinationport ofanRSPAN
device.



Configuring an ERSPAN Session

Configure ERSPAN of the switch, and distinguish between attributes of ERSPAN switch of the device. You need to designate an ERSPAN
session ID, and enter the ERSPAN configuration mode after configuration succeeds.



Configuring a Source Port

AfterenteringtheERSPANconfigurationmode, youneedtoname thesourceport toconfiguretheSPANsourceport,and determine
the direction of SPAN data streams according to optional configurations of SPAN direction.



Enabling an ERSAN Session

By default, enabling an ERSPAN session is to enable ERSPAN mirroring. Only enabled ERSPAN sessions take effect.



Encapsulating the Origin IP Address

Encapsulating an origin IP address aims to configure the origin IP address of an encapsulated GRE packet.



Encapsulating the Destination IP Address

Encapsulating a destination IP address aims to configure the destination IP address of an encapsulated GRE packet and ensure normal
routing of SPAN packets on the network.



Encapsulating IP TTL/DSCP

Encapsulate Time to Live (TTL) and Differentiated Services Code Point (DSCP) values of IP packets.



Configuring Capture Mode

Configure the capture mode (whether to mirror the entire packet or the header bytes of the original packet).



Configuring Sampling Frequency

Configure the sampling frequency (the number of packets for one mirroring operation) for mirroring on the source port.



vrf vrf-name
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It indicates the name of virtual routing. Different virtual routing values might obtain different egresses for the same destination IP.
Related Configuration
By default, an SPAN is disabled. It is enabled only after a session is created, and source SPAN port, origin IP and destination IP
addresses are configured.



Configuring an ERSPAN Session

FS(config)# monitor session session_num erspan-source
Wherein,
session-num: Indicates that the number of SPAN sessions supported by SPAN session IDs varies with products.



Configuring a Source Port

FS(config-mon-erspan-src)# source interface {single- interface | all } { [ rx | tx | both ] }
Wherein,
single_interface: Indicates the SPAN source port to be configured.
all:Indicatesthattheto-be-configured SPANsourceport isglobal interfacesthat support mirroring.
rx: Indicates that only the packets received by the source port are monitored after rx is configured.
tx: Indicates that only the packets sent from the source port are monitored after tx is configured.
both: Indicates that after both is configured, the packets sent and received by the source port are transmitted to the destination port
to be monitored; that is to say, both includes rx and tx. If none of rx, tx, or both is configured, both is enabled by default.



Configuring Stream-based SPAN

The function is disabled by default.Run the FS(config-mon-erspan-src)# source interface interface-id rx acl acl-name { sample }
command to configure stream-based SPANs and the sampling frequency (optional).



Enabling an ERSAN Session

FS (config-mon-erspan-src)# shutdown
This command is used to disable ERSPAN mirroring.(By default) Run the no shutdown command to enable ERSPAN mirroring.



Encapsulating the Destination IP Address

FS(config-mon-erspan-src)# destination ip address ip-address
Wherein,
ip-address: Encapsulates the destination IP address.



Encapsulating the Origin IP Address

FS(config-mon-erspan-src)# origin ip address ip-address
Wherein,
ip-address: Encapsulates the origin IP address.



Encapsulating IP TTL

FS(config-mon-erspan-src)# ip ttl ttl_value
Wherein,
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ttl_value: Configures the TTL value of an encapsulated IP address. The TTL value ranges from 0 to 255, and the default value is 64.



Encapsulating IP DSCP

FS(config-mon-erspan-src)# ip dscp dscp_value
Wherein,
dscp_value: Configures the DSCP value of an encapsulated IP address. The DSCP value ranges from 0 to 63, and the default value is 0.
The function takes effect only after trusting DSCP is configured on the SPAN source port.



Configuring Capture Mode

FS(config-mon-erspan-src)# capture-mode [ all | truncate ]
all: default value, which indicates that the entire original packet is mirrored.
truncate: Indicates that the header byte of the original packet is mirrored. A specific number of header bytes to be mirrored is
determined by the product chip.



Configuring Sampling Frequency

FS(config-mon-erspan-src)# sampling-rate rate
rate:Indicatesthesamplingfrequencyvalue,rangingfrom1to1000000.Forexample,ifthesamplingfrequencyis100,onepacketis
sampledfrom100 packets,thatis,thesamplingratiois100:1.The defaultsamplingfrequencyis1:1, thatis,eachpacketissampled.
This function is valid only when the sampling frequency is configured on the SPAN source port.



Encapsulating vrf vrf-name

FS(config-mon-erspan-src)# vrf vrf-name
Wherein,
vrf-name: Indicates the name of VPN Routing & Forwarding Instance (VRF).
Pay attention to the following issues during use:



Confirm the Layer-3 routing connectivity from source switch to destination switch.



ERSPAN is unavailable if a source port is disabled.



If a source port or destination port is added to an AP,the source port or destination port egresses an ERSPAN session.



As a result of product differences, not all products support all options of the above-mentioned commands.

6.5 Configuration
Configuration

Description and Command
(Mandatory) It is used to create ERSPAN mirroring.

Configuring Basic

monitor session erspan_source_session_number

Configures an ERSPAN session ID, and enters the

ERSPAN

erspan-source

configuration mode of the source ERSPAN device.

Functions

source interface {single- interface | all } {[ rx |tx | both]}
source interface { single-interface | all } rx acl acl-name
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[ sample ]

enables sampling.

shutdown

Disables ERSPAN mirroring.
Configures the destination IP address for an ERSPAN stream.

destination ip address ip_address

Theaddressmustbetheinterfaceaddressofthedestination
device.

original ip address ip_address
ip ttl ttl_value
ip dscp dscp_value
capture-mode [ all | truncate ]

ConfigurestheencapsulatedoriginIPaddressforERSPAN.
(Optional) Configures the TTL value of an encapsulated IP
address for ERSPAN.
(Optional) Configures the DSCP field value of an
encapsulated IP address for ERSPAN.
(Optional) Configures the capture mode for mirroring the
original packet.

sampling-rate rate

(Optional) Configures the sampling frequency for mirroring.

vrf vrf_name

(Optional) Configures the VRF name.

6.5.1 Configuring Basic ERSPAN Functions

Configuration Effect



RSPAN enables a network analyzer to monitor users.



Devices can normally exchange data with each other.

Notes



If a source port is added to an AP, the source port egresses an ERSPAN session.



The Layer-3 routing connectivity from source switch to destination switch must be ensured.

Configuration Steps



ERSPAN Session



Global configuration mode. Mandatory.



The session ID configured with local SPANor RSPAN cannot be used for an ERSPAN session. Enter the ERSPAN mode after
configuration.



Source Port



ERSPAN configuration mode.Mandatory.



AnSPANdirection canbe selected during configuration of the SPANsourceport.The direction isbothby default; that is,both
reception and transmission of packets are monitored.



Enabling an ERSPAN Session



ERSPAN configuration mode.Mandatory.



By default, enabling an ERSPAN session is to enable ERSPAN mirroring. Only enabled ERSPAN sessions take effect.



Encapsulating the Origin IP Address



ERSPAN configuration mode.Mandatory.
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It is used to encapsulate origin IP addresses of SPAN packets.



Encapsulating the Destination IP Address



ERSPAN configuration mode.Mandatory.



It is used to encapsulate destination IP addresses of SPAN packets.



Encapsulating IP TTL/DSCP



ERSPAN configuration mode.Optional.



It is used to encapsulate DSCP values of SPAN IP packets.



Configuring Capture Mode



ERSPAN configuration mode.Optional.



It is used to configure the capture mode for mirroring the original packet.



Configuring Sampling Frequency



ERSPAN configuration mode.Optional.



It is used to configure the sampling frequency for mirroring.



vrf vrf-name



Global configuration mode. Optional.



It indicates the name of VRF. VRF must exist.

Verification



Run the show monitor command or the show running command to verify the SPANconfiguration. Youcan also conduct
packet capture analysis on the SPAN destination port and check whether SPAN takes effect according to the captured packets.

Related Commands



Configuring an ERSPAN Session

Command

monitor session session_number erspan-source

Parameter

session-num: Indicates the SPAN session ID.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Source Port

Command

source interface { single-interface | all } {[ rx | tx | both ]}

Parameter

single_interface: Indicates the SPAN session ID.

Description

all: Indicates global interfaces that support mirroring.
both: Monitors both input and output packets by default.
rx: Monitors only input packets.
tx: Monitors only output packets.
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Command

ERSPAN session mode

Mode
Usage Guide



N/A

Configuring Stream-based SPAN

Command

source interface { single-interface | all } rx acl acl-name sample

Parameter

single-interface: Indicates the interface name.

Description

all: Indicates global interfaces that support mirroring.
acl-name: Indicates the ACL name.
sample: Indicates whether the sampling is enabled.

Command

ERSPAN session mode

Mode
Usage Guide



N/A

Enabling an ERSAN Session

Command

shutdown

Parameter
Description
Command

ERSPAN session mode

Mode
Usage Guide



N/A

Encapsulating the Origin IP Address

Command

original ip address ip_address

Parameter

ip_address: Indicates the origin IP address to be encapsulated.

Description
Command

ERSPAN session mode

Mode
Usage Guide



Encapsulates the Destination IP Address

Command

destination ip address ip_address

Parameter

ip_address: Indicates the destination IP address to be encapsulated.

Description
Command

ERSPAN session mode

Mode



Configuring Capture Mode

Command

capture-mode [ all | truncate ]

Parameter

all: Indicates that the entire original packet is mirrored.

Description

truncate: Indicates that the header byte of the original packet is mirrored. A specific number of header bytes to be
mirrored is determined by the product chip.

Command

ERSPAN session mode

Mode
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Usage Guide



N/A

Configuring Sampling Frequency

Command

sampling-rate rate

Parameter

rate: Indicates the required sampling frequency.

Description
Command

ERSPAN session mode

Mode



Encapsulating IP TTL

Command

ip ttl ttl_value

Parameter

ttl_value: Configures the TTL value of an encapsulated IP address for ERSPAN. The value ranges from 1 to 255.

Description
Command

ERSPAN session mode

Mode
Usage Guide



-

Encapsulating DSCP

Command

ip dscp dscp_value

Parameter

dscp_value:ConfigurestheDSCPfieldvalueofanencapsulatedIPaddressforERSPAN.Thevaluerangesfrom0to64.

Description
Command

ERSPAN session mode

Mode
Usage Guide



-

Configuring VRF vrf-name

Command

vrf vrf_name

Parameter

vrf_name: Indicates the VRF name.

Description
Command

ERSPAN session mode

Mode
Usage Guide

-

Configuration Example



The following uses a SPAN as an example.
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Scenario
Figure 6-3

Configuration



Steps

AsshowninFigure6-3,onSwitchA,createERSPANSession1and configureitasthesourcedevice,and configure
Gi 0/1 as the source port.

SwitchA(config)#monitor session 1 erspan-source
SwtichA(config-mon-erspan-src)#source interface gigabitEthernet 0/1 both
SwtichA(config-mon-erspan-src)#origin ip address 10.1.1.2
SwtichA(config-mon-erspan-src)#destinationipaddress 12.1.1.2
SwtichA(config-mon-erspan-src)#vrf vrf-name

Verification

Step 1: Check the configuration of the device.
SwitchA#show running-config
!
monitor session 1 erspan-src
source interface GigabitEthernet 0/1 both
origin ip address 10.1.1.2
destination ip address 12.1.1.2
vrf vrf-name

Step 2: Check the ERSPAN information of the device.
SwitchA#show monitor
sess-num: 1

www.fs.com
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span-type: ERSPAN_SOURCE
src-intf:

//ERSPAN source device
//ERSPAN source port information

GigabitEthernet0/1

frame-type Both

dest-intf:

TXstatus:Inactive

RX status:Inactive

//ERPSAN output port information

GigabitEthernet 0/2
oFSin ip address 10.1.1.2
destination ip address 12.1.1.2
destination capture mode all
SwitchA#show monitor
sess-num: 1
span-type: ERSPAN_SOURCE
src-intf:
GigabitEthernet 0/1

frame-type Both

TXstatus:Inactive

RX status:Inactive

dest-intf:
GigabitEthernet0/2
oFSin ip address 10.1.1.2
destination ip address 12.1.1.2
destination capture mode all
ip ttl 64
ip dscp 0
sample rate 0
vrf vrf-name
Common Errors



The session ID used to configure ERSPAN mirroring is configured with RSPAN or LOCAL SPAN.



Layer-3 routing interworking between source switch and destination switch fails.

6.6 Monitoring
Displaying
Description

Command

DisplaysallSPANsessionsinthesystem.

show monitor

Displays specific SPAN sessions.

show monitor session session-id

Debugging
System resources are occupied when debugging information is output. Therefore, disable debugging immediately after use.
Description

Command

Debugs SPAN.

debug span
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7 Configuring sFlow
7.1 Overview
sFlowisanetworkmonitoringtechnologyjointlydevelopedby InMon,HP,andFoundryNetworksin2001.Thistechnologyhasbeen
standardized. It can provide complete traffic flows of Layer 2 to Layer 4, and it is applicable to traffic analysis in the extra-large
network.Thistechnologyhelps usersanalyze theperformance, trend, and existenceof network trafficflowsina detailedmanner in
real time.
sFlow has the following advantages:


Accurate: sFlow supports accurate monitoring of traffic on a Gigabit network or a network with higher bandwidth.



Scalable: One sFlow Collector can monitor thousands of sFlow Agents, and it has high scalability.



Low cost: sFlow Agent is embedded in a network device, and its cost is low.

Protocol Specification



sFlow Version5



RFC 1014

7.2 Applications
Typical Application

Scenario

Monitoring the LAN Traffic

Regardthedeviceas ansFlowAgent,performsamplingof interfacetrafficintheLAN,and
sendthesFlowdatagramstoansFlowCollectorfortrafficanalysis,thereby achievingthe
purpose of network monitoring.

7.2.1 Monitoring the LANTraffic

Application Scenario
As shown in Figure 7-1, start switch A that serves as an sFlow Agent, enable flow sampling and counter sampling on port Te0/1,
monitorthetrafficinthe192.168.1.0networksegment,encapsulatethesamplingdataintosFlowdatagramsatregular intervalsor
when the buffer is full, and sent the sFlow data to the sFlow Collector for traffic analysis.
Figure 7-1

Function Deployment



Configure the addresses of sFlow Agent and sFlow Collector on switch A.
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Enable flow sampling and counter sampling on port Te 0/1 of switch A.
Lots of server software supports sFlow.Youcan obtain software supporting sFlow at
http://www.sflow.oFS/products/collectors.php. The software sflowtrend is free of charge.

7.3 Features
Basic Concepts



sFlow Agent

sFlow Agent is embedded in a network device. Generally, one network device can serves as an sFlow Agent. sFlow Agent can perform
flowsampling andcounter sampling, encapsulate sampleddatainto sFlowdatagrams,and sendthesFlowdatagramstothesFlow
Collector.
sFlow datagrams are encapsulated in UDP.Figure 7-2 shows the sFlow datagram format.
Figure 7-2 sFlow Datagram Format

OnesFlowdatagrammaycontainoneormultipleflowsamplesandcountersamples.
Figure 7-3 sFlow Header
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sFlow Geader Description:
Field

Description

sFlow version

sFlow version. V2, V4, and V5 are available. Currently, FS supports
V5 only.

IP version of the agent/switch

IP address version of the sFlow Agent

Agent IP address

IP address of the sFlow Agent

Sub agent id

Sub-agent ID

Datagram sequence number

Serial number of the sFlow datagram

Switch uptime

Duration from the startup time of the switch to the current time
The number of samples in the an sFlow datagram. One sFlow

n samples in datagram

datagrammay contain one or multiple flow samples and counter
samples.



sFlow Collector

sFlow Collector receives and analyzes the sFlow datagram sent from the sFlow Agent. sFlow Collector may be a PC or server. A PC or
server installed with the application software for sFlow datagram analysis can be regarded as an sFlow Collector.



Flow Sampling

Based on thespecified sampling rate, thesFlow Agent device performs flow sampling onthe trafficflowing through an interface,
including copying the header of the packet, extracting the Ethernet header and IP header of the packet, and obtaining the route
information of thepacket.
Figure 7-4 Flow Sample Header
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Counter Sampling

In counter sampling, an sFlow Agent periodically obtains the statistics and CPU usage on a specified interface. The statistics on the
interface include the number of packets input through the interface and the number of packets output through the interface.
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Figure 7-5 Counter Sample Header

Functions and Features
Feature

Description

Flow Sampling

Sample the traffic flowing through the interface, and send the encapsulated sFlow datagram to the sFlow
Collector for analysis.

Counter Sampling

Periodically send the statistics on the interface to the sFlow Collector for analysis.

7.3.1 Flow Sampling

Sample the traffic flowing through the interface, and send the encapsulated sFlow datagram to the sFlow Collector for analysis.
Working Principle
Based on the specified sampling rate, the sFlowAgent deviceperforms flow sampling on the trafficflowing through an interface,
including copying the header of the packet, extracting the Ethernet header and IP header of the packet, and obtaining the route
information of the packet. Then, the sFlow Agent encapsulates the flow sampling data into an sFlow datagram and sends the
datagram to the sFlow Collector for analysis.
7.3.2 Counter Sampling

Periodically send the statistics on the interface to the sFlow Collector for analysis.
Working Principle
The sFlowAgent performs interfacepolling on aregular basis.For an interfacewhose counter samplinginterval expires, thesFlow
Agentobtainsthestatisticsonthisinterface,encapsulatesthestatisticsintoansFlowdatagram,andsendsthedatagramtothesFlow
Collector for analysis.
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7.4 Configuration
Configuration Item

Suggestion & Related Command
Mandatory configuration. Establish communication connections between sFlow Agent and
sFlow Collector.

Configuring Basic Functions of
sFlow

sflow agent {address | interface}

Configures the sFlow Agent address.

sflow collector collector-id destination

Configures the sFlow Collector address.

Mandatory configuration. Enable flow sampling and counter sampling.
sflow counter collector
sflow flow collector

Enables the sFlow Agent to send counter
samples to the sFlow Collector.
Enables the sFlow Agent to send flow samples
to the sFlow Collector .
Enables sFlow sampling for the configuration

sflow enable

interface, that is, enables counter sampling and
flow sampling.

Optional configuration. Sets the optional parameter attributes of sFlow.
sflow collector collector-id max-datagram-size
Configuring Optional
Parameters of sFlow

sflow counter interval
sflow flow max-header

Configures the maximum length of the sFlow
datagram.
Configures the counter sampling interval.
Configures the maximum length of the packet
header copied during flow sampling.

sflow sampling-rate

Configures the sampling rate of flow sampling.

sflow source {address | interface}

Configures the sFlow source address.

7.4.1 ConfiguringBasicFunctionsofsFlow

Configuration Effect



sFlow Agent and sFlow Collector can communicate with each other.



Traffic flowing through the interface are sampled based on the default sampling rate and sent to the sFlow Collector for analysis.



Statistics of the interface are periodically sent to the sFlow Collector based on the default sampling interval for analysis.

Notes



Flow sampling can be configured on only physical interfaces.



ToenablethesFlowCollectortoanalyzetheflowsamplingresults,theIPaddressofthesFlowCollectoronthesFlowAgent
device is required.

Configuration Method



Configuring sFlow Agent Address



Mandatory configuration.



Use the sflow agent address command to configure the address of the sFlow Agent.
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The sFlow Agent address must be a valid address. That is, the sFlow Agent address must not be a multicast or broadcast address.
It is recommended that the IP address of the sFlow Agent device be used.

Command

sflowagent { address {ip-address | ipv6 ipv6-address }} | { interface { interface-name |ipv6 interface-name }}

Syntax
Parameter

address: Configures the IP address of the sFlow agent.

Description

ip-address: sFlow Agent IPv4 address
ipv6 ipv6-address: sFlow Agent IPv6 address
interface: Configures the interface of the sFlow agent.
interface-name: Interface of IPv4 address.
ipv6 interface-name: Interface of IPv6 address.

Defaults

No sFlow Agent address is configured by default

Command

Global configuration mode

Mode
Configuration

Thiscommand isusedtoconfigure theAgentIPaddress fieldinthe output sFlowdatagram.The datagram not

Usage

configuredwith thisfiled cannot be output.The sFlowAgent addressshall be a host address.When a non-host
address(forexample,amulticastorbroadcastaddress)isconfiguredasthesFlowAgentaddress,amessage
indicatingconfiguration failureisdisplayed.It isrecommended thattheIPaddressof thesFlowAgentdevicebe
configured as the sFlow Agent address.



Configuring sFlow Collector Address



Mandatory configuration.



Use the sflow collector command to configure the address of the sFlow Collector.



The sFlow Collector address must be a valid address. That is, the sFlow Collector address must not be a multicast or broadcast
address. sFlow Collector must exist, and the route to it must be reachable.

Command

sflowcollector collector-id destination { ip-address | ipv6 ipv6_address } udp-port [ [ vrf vrf-name ] | [ oob ] [via

Syntax

mgmt mgmt-name ]] ] ] | [ description collector-name ]

Parameter

collector-id: sFlow Collector ID. The range is from 1 to 2.

Description

ip-address: sFlow Agent IPv4 address. It is not configured by default
ipv6 ipv6-address: sFlow Agent IPv6 address. It is not configured by default
udp-port: sFlow Collector listening port number
vrf vrf-name: VRF instance name. It is not configured by default
oob:The sampled trafficsareoutput through themanagement interface. Bydefault, thisparameter is not configured.
via mgmt mgmt-name: Management port. It is not configured by default.
description collector-name: Description of the sFlow Connector. It is not configured by default.

Command

Global configuration mode

Mode
Configuration

This command is used to configure the sFlow Collector address. The sFlow Collector address shall be a host address.

Usage

Whena non-host address (for example, a multicast or broadcast address) is configured as the sFlow Collector
address, a message indicating configuration failure is displayed. The sFlow Collector monitors the sFlow datagram on
the specified port. When the vrf parameter is configured, the corresponding VRF instance must exist.When you
removetheaVRFinstance,thesFlowCollectoraddresswillberemovedifthisVRFinstanceisalsoconfiguredforan
sFlowCollector address.When the oob parameter is configured, a datagram is sent to the sFlow Collector through
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the management interface.



Enabling sFlow Samples Output to the sFlow Collector



Mandatory configuration.



You can use the sflow flow collector command to enable the sFlow Agent to send flow samples to the sFlow Collector.



Thisfunction mustbe enabled on the interfacetosend flowsamples tothe sFlowCollector.Inaddition, sFlowCollectormust
exist,the route toit must be reachable, and the IP addressof the corresponding sFlowCollector has been configured on the
sFlow Agent device.

Command

sflow flow collector collector-id

Syntax
Parameter

collector-id: sFlow Collector ID. The range is from 1 to 2.

Description
Defaults

Sending the flow samples to the sFlow Collector is disabled by default.

Command

Interface configuration mode

Mode
Configuration

This command can be used for physical ports, SVI ports and sub routed ports.

Usage

sFlow datagrams can be output only when an IP address is configured for the corresponding sFlow Collector.



Enabling Counter Samples Output to the sFlow Collector



Mandatory configuration.



Youcan use the sflow counter collector command to enable the sFlow Agent to send counter samples to the sFlow Collector.



ThismustbeenabledontheinterfacetosendcountersamplestothesFlowCollector.Inaddition,sFlowCollectormustexist,
theroute to it must be reachable, and the IP address of the corresponding sFlow Collector has been configured on the sFlow
Agent device.

Command

sflow counter collector collector-id

Syntax
Parameter

collector-id: sFlow Collector ID. The range is from 1 to 2.

Description
Defaults

Sending counter samples to the sFlow Collector is disabled by default.

Command

Interface configuration mode

Mode
Configuration

This command can be used for physical ports, SVI ports and sub routed ports.

Usage

sFlow datagrams can be output only when an IP address is configured for the corresponding sFlow Collector.



Enabling Counter Sampling and Flow Sampling



Mandatory configuration.



You can use the sflow enable command to enable the flow sampling and counter sampling on an interface.



The forwarding performance of an interface may be affected after flow sampling is enabled.
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Command

sflow enable [ ingress [ acl id | name ] | egress ]

Syntax
Parameter

ingress: Enables sFlow sampling in ingress direction.

Description

egress: Enables sFlow sampling in egress direction.
id: Indicates the ACL number.
name: Indicates the ACL name.

Defaults

The sFlow sampling function on an interface is disabled by default.

Command

Interface configuration mode

Mode
Configuration

Thiscommand canbeusedtoenablecountersamplingandflowsamplingforphysicalports,SVIports,and sub

Usage

routed ports.
If thedirection parameter is not specified, sampling on both directions are enabled.
The SVI ports and sub routed ports support only the ingress parameter.
The ACLshould be configuredand appliedon theinterface before theflowsampling based onACL matchingis
enabled.
Up to two commands for ingress ACL-based flow sampling are supported on an interface.

Check Method



UsetheshowsflowcommandtodisplaythesFlowconfiguration, andcheckwhetherthedisplayedinformationisconsistent
with the configuration.

Configuration Examples



Configuring Flow Sampling and Counter Sampling for sFlow Agent

Network
Environment
Figure 7-6

AsshowninFigure7-6, startswitchAthatserves asthesFlowAgent,enableflowsamplingand countersamplingon
port Te0/1, monitor the traffic in the 192.168.1.0 network segment, encapsulate the sampling traffic into sFlow
datagrams at regular intervals or when the buffer is full, and send the sFlow datagrams to the sFlow Collector for
traffic analysis.
Configuration



Configure 192.168.1.1 as the sFlow Agent address.

Method



Configure 192.168.3.100 as the address of sFlow Collector 1, and 6343 as the port number.



Configure interface TenGigabitEthernet 0/1 to output flow samples and counter samples to sFlow Collector 1,
and enable the sFlow sampling function on this interface.

Switch A

FS# configure terminal
FS(config)# sflow agent address 192.168.1.1
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FS(config)# sflow collector 1 destination 192.168.3.100 6343
FS(config)# interface TenGigabitEthernet 0/1
FS(config-if-TenGigabitEthernet 0/1)# sflow flow collector 1
FS(config-if-TenGigabitEthernet 0/1)# sflow counter collector 1
FS(config-if-TenGigabitEthernet 0/1)# sflow enable
FS(config-if-TenGigabitEthernet 0/1)# end
Check Method

Use the show sflow command to check whether the command output is consistent with the configuration.
FS# show sflow
sFlow datagram version 5
Global information:
Agent IP: 192.168.1.1
sflow counter interval:30
sflow flow max-header:64
sflow sampling-rate:8192
Collector information:
ID

IP

1

192.168.3.100

2

NULL

Port Size VRF
6343 1400
0

1400

Port information
Interface
TenGigabitEthernet 0/1

CID FID Enable
1

1

Y

Information displayed on the sFlowTrend software:

Thepreceding figureshowstheTopNpageofthesFlowTrendsoftware.Thispagedisplaystheflowsamplingresults
anddisplaysthetop5sourceIPaddressesthatinvolvethelargesttraffic.Thetotalincomingtrafficisabout450Kpps
and the total outgoing traffic is 450 Kpps, which are consistent with the actual traffic.
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The preceding figure shows the counters page of the sFlowTrend software. This page displays the counter sampling
results.The incomingtrafficis450 Kpps andthe outgoing trafficisalso450 Kpps. Inaddition, all packetsareunicast
packets.
7.4.2 Configuring Optional Parameters of sFlow

Configuration Effect
You can adjust the data sampling accuracy by modifying relevant parameter attributes of sFlow.
Notes



The forwarding performance may be affected when the sampling rate is too low.

Configuration Method



Configuring the Maximum Length of the Output sFlow Datagram



Optional configuration.



Youcan use thesflowcollector command to configure the length of the sFlow datagram, excluding the Ethernet header, IP
header, and UDP header. An sFlow datagram may contain one or multiple flow samples and counter samples. Configuration of
the output sFlow datagram's maximum length may lead to the result that the number of sFlow datagrams output during
processing of a certain number of flow samples differs from the number of sFlow datagrams output during processing of the
samenumber of counterpackets.If themaximumlengthisgreater thanMTU,theoutput sFlowdatagramswillbe segmented.

Command

sflow collector collector-id max-datagram-size datagram-size

Syntax
Parameter
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Description

max-datagram-sizedatagram-size: maximum length of the output sFlowdatagram. Therange isfrom200 to9,000.

Defaults

The default value is 1,400.

Command

Global configuration mode

Mode
Configuration

-

Usage



Configuring the Flow Sampling Rate



Optional configuration.



You can use the sflow sampling-rate command to configure the global flow sampling rate.



ConfigurationofflowsamplingratemyaffectthesFlowsamplingaccuracy.Alowersamplingratemeansahigheraccuracyand
larger CPU consumption.Therefore, the forwarding performanceof the interfacemay be affectedwhen thesampling rateis
low.

Command

sflow sampling-rate rate

Syntax
Parameter

rate: Sampling rate of sFlowsampling. One packet is sampled from every n packets(n equals the value of rate).The

Description

range is from 4,096 to 16,777,215.

Defaults

The default global flow sampling rate is 8,192.

Command

Global configuration mode

Mode
Configuration

This command is used to configure the global sampling rate of sFlow flow sampling, and sFlow flow sampling of all

Usage

interfaces uses this sampling rate.



Configuring the Maximum Length of the Packet Header Copied During Flow Sampling



Optional configuration.



Youcan use the sflow flowmax-header command to configure the length of the packet header copied during flow sampling
globally.



Users can use this command to modify the datagram information to be sent to the sFlow Collector. For example, if a user
concernsabout theIPheader, thisuser canconfigurethe lengthto56 bytes. Duringencapsulation of flowsamples,thefirst56
bytes of the sample packet are copied to the sFlow datagram.

Command

sflow flow max-header length

Syntax
Parameter

length: maximum length of the packet header to be copied. The range is from 18 to 256.

Description
Defaults

The default length of the packet header to be copied during global flow sampling is 64 bytes.

Command

Global configuration mode

Mode
Configuration

Configure the maximum number of bytes of the packet content copied from the header of the original packet. The

Usage

copied content is recorded in the generated sample.



Configuring the Sampling Interval
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Optional configuration.



You can use the sflow counter interval command to configure the global counter sampling interval.



Enable the counter sampling interface to send the statistics on it to the sFlow Collector at the sampling interval.

Command

sflow counter interval seconds

Syntax
Parameter

seconds: time interval. The range is form 3 to 2,147,483,647. The unit is second.

Description
Defaults

The default global counter sampling interval is 30 seconds.

Command

Global configuration mode

Mode
Configuration

This command is used to configure the global sFlow counter sampling interval, and sFlow Counter sampling of all

Usage

interfaces uses this sampling interval.



Configuring the sFlow Source Address



Optional configuration.



Youcan use the sflow source { address | interface } command to configure the sFlow Source address of the output packets.

Command

sflowsource {address {ip-address | ipv6 ipv6-address}} | { interface{ interface-name | ipv6interface-name }}

Parameter

address: Configures the source IP address of sFlow output packets.

Description

ip-address: sFlow Source IPv4 address
ipv6 ipv6-address: sFlow Source IPv6 address.
interface: Configures the source interface of sFlow output packets
interface-name: sFlow Source interface (configured with an IPv4 address)
ipv6 interface-name: sFlow Source interface (configured with an IPv6 address)

Defaults

The default sFlow Source address is the local device IP address which is used to ping the destination IP.

Command

Global configuration mode

Mode
Configuration

This command isused to configure the source IP address of the output packets. If a source interface isspecified, the

Usage

primaryaddressof the interfacewill be thesourceIPaddressof theoutputspackets. Ifthe sourceinterfaceis not
specified, for example, the interface is shutdown, the default source address will be used.

Check Method



Check whether an sFlow datagram with the flow samples is received on the sFlow Collector.



UsetheshowsflowcommandtodisplaythesFlowconfiguration, andcheckwhetherthedisplayedinformationisconsistent
with the configuration.

Configuration Examples



Configuring Optional Parameters of sFlow

Network
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Environment



Set the flow sampling rate to 4,096 in global configuration mode.



Configure the length of the packet header copied during flow sampling to 128 bytes in global configuration
mode.


Configuration
Method

Set the sampling interval to 10 in global configuration mode.

FS# configure terminal
FS(config)# sflow sampling-rate 4096
FS(config)# sflow flow max-header 128
FS(config)# sflow counter interval 10
Make traffic pass through interface TenGigabitEthernet 0/1.

Check Method



Check whether there is traffic on interface TenGigabitEthernet 0/1 on sFlow Collector 1.



Use the show sflow command to check whether the command output is consistent with the configuration.

FS# show sflow
sFlow datagram version 5
Global information:
Agent IP: 10.10.10.10
sflow counter interval:10
sflow flow max-header:128
sflow sampling-rate:4096
Collector information:
ID

IP

1

192.168.2.100

2

NULL

Port Size VRF
6343 1400
0

1400

Port information
Interface

CID FID Enable

TenGigabitEthernet 0/1

0

1

B

TenGigabitEthernet 0/2

0

1

I

TenGigabitEthernet 0/3

0

1

E

7.5 Monitoring
Displaying
Function

Command

Displays the sFlow configuration.

show sflow

Displays sFlow statistics.

show sflow stats
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8 Configuring NETCONF
8.1 Overview
The Network Configuration Protocol (NETCONF) is a brand new Extensible Markup Language (XML)–based protocol proposed by the
NETCONF working group of the Internet Engineering Task Force (IETF) in 2003. It can be used for device configuration, parameter
retrieval, and monitoring and management. This protocol adopts the client/server communication mode, in which the protocol server
program runs on the device while the protocol client program runs on clients. The XML format is used in packets of this protocol,
including all configuration data and protocol messages.The NETCONF protocol consists of four layers: content layer,operation layer,
Remote Procedure Call (RPC) layer, and transport layer. The content layer is a collection of managed data objects and configuration
data of devices is stored at this layer. The operation layer is the basic primitive operation set applied to RPCs, such as <get>,
<get-config>, <edit-config>, and <delete-config>. The RPC layer provides a simple mechanism unrelated to transport protocols, and
the mechanism specifies elements of some error feedback messages. The transport layer provides a secure transport channel. The
NETCONF protocol supports Secure Shell (SSH) (mandatory), Simple Object Access Protocol (SOAP), and Blocks Extensible Exchange
Protocol (BEEP).
Protocols and Standards



RFC4741: NETCONF Configuration Protocol



RFC4742: Using the NETCONF Configuration Protocol over Secure Shell (SSH)



RFC4743: Using NETCONF over the Simple Object Access Protocol (SOAP)



RFC4744: Using the NETCONF Protocol over the Blocks Extensible Exchange Protocol (BEEP)



RFC5277: NETCONF Event Notifications



RFC5381: Experience of Implementing NETCONF over SOAP



RFC5539: NETCONF Over Transport Layer Security (TLS)



RFC5717: Partial Lock RPC for NETCONF



RFC6022: NETCONF Monitoring Schema



RFC6241: Network Configuration Protocol



RFC6242: Using the Network Configuration Protocol over Secure Shell



RFC6243: With-defaults capability for NETCONF



RFC6470: NETCONF Notification Events



RFC6536: NETCONF Access Control Model (NACM)



RFC4741 and RFC4742 are replaced by RFC6241 and RFC6242 respectively.

8.2 Applications
Application

Description

NETCONF Network Device Management Users send NETCONF configuration packets in the XML format to devices through network
managementsoftwareinstalledonaNETCONFclient,toconfigureandmanagethedevices.
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8.2.1 NETCONF Network Device Management

Scenario
As shown in the figure below, users can utilize the NETCONF network management software to manage and monitor network devices.
Figure 8- 1

Deployment
The network management station and managed network devices are connected via networks.The SSH protocol needs to run on both
the network management software and the devices. On the network management station, by using the NETCONF network
management software, users can access the configuration databases and state databases on network devices, receive event
notifications sent from the network devices, and manages and monitors the network devices.

8.3 Features
Basic Concepts

 Common Terms


RFC: Remote Procedure Call



DM: Data Model

 Protocol Structure
The figure below shows the structure of the NETCONF protocol.
Figure 8- 2 Structure of the NETCONF Protocol
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 Session Connection


NETCONF over SSH

The server listens to Port 830. An SSH channel needs to be established before the NETCONF protocol is used. The establishment of the
SSH channel (SSH subsystem, named netconf) requires user authentication and negotiation of a range of transmission algorithms
(including negotiation of keys, a compression algorithm, a hash algorithm, an encryption algorithm, and a signature algorithm).
Figure 8- 3 Packets Exchanged in a NETCONF Session

 Capability Set Exchange
Capability sets need to be exchanged after a channel is established. Both the server and client provide their implemented capability
sets and ignore capabilities that are not understood or not implemented. Each peer must support at least the basic protocol capability
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(urn:ietf:params:netconf:base:1.1). If the NETCONF protocol is compatible with an earlier protocol version, each peer should support
the basic capability (urn:ietf:params:netconf:base:1.0) of this earlier version.



Protocol Operations

Nine basic operation methods are defined for the operation layer of NETCONF and the operation methods are as follows: <get> and
<get-config> are value acquisition operations, <edit-config>, <copy-config>, and <delete-config> are configuration operations,
<lock> and <unlock> are lock protection operations provided in the case of concurrent operations on critical device resources
(configuration files), and <close-session> and <kill-session> are session termination operations.



<get>: Obtains the status and configuration data of a device.



<get-config>: Obtains configuration data based on the filtering node in an RPC request.



<edit-config>: Configures a device based on the provided data model definition and operation attributes. One important
attribute operation can be set to merge, replace, create, delete, or remove, and the default value is meFSe.



<copy-config>: Copies a configuration file, for example, copies a candidate configuration into a configuration file, copies a
startup configuration into the running configuration, and writes a running configuration into the startup configuration. These
copy operations need the target files to support the write capability.



<delete-config>: Deletes a configuration file of a device. The running configuration file of a device cannot be deleted.



<lock>: Provides lock protection for configuration data files. When a client is accessing (or modifying) a configuration data file of
a device, other clients or non-NETCONF clients (such as SNMP or CLI clients) cannot access (or modify) the configuration data
file.



<unlock>: Unlocks a configuration data file.



<close-session>: Closes the current session, including resource release, lock release, and disconnection. When this operation is
performed, it must be ensured that the handling of the current service is complete and no new request is being handled.



<kill-session>: forcibly terminates a session (the current session cannot be terminated), including resource release, lock release,
and disconnection. When this operation is performed, an ongoing service must be terminated and uncompleted services must
be rolled back to the state prior to service handling.

Overview
Feature

Description

Capability Set Exchange The NETCONF server and client mutually send capability sets to each other. The server (device)
supports NETCONF 1.0 and NETCONF 1.1.
<get>

The client obtains configuration or state data of the device.

<get-config>

The client obtains configuration data of the device.

<edit-config>

The client modifies configuration data of the device.

<copy-config>

The client copies a configuration file on the device into another configuration file.

<delete-config>

The client deletes a configuration file on the device.

<close-session>

The client actively closes the current NETCONF session with the device.

<lock>

The client locks configuration files of the device.

<unlock>

The client unlocks the configuration files of the device.

8.3.1 Capability Set Exchange

The NETCONF client and NETCONF server exchange their capability sets immediately after establishing a connection. They can
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perform subsequent data operations only when they support the same NETCONF protocol version. The format of sent packets is as
follows:
<hello xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<capabilities>
<capability>
urn:ietf:params:netconf:base:1.1
</capability>
<capability>
Capability set 1
</capability>
<capability>
Capability set 2
</capability>
</capabilities>
<session-id>Session ID</session-id>
</hello>
The capability exchange packet sent from the client to the server cannot contain the session ID (<session-id>) node.
Example of capability set exchange on the server:
<hello xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<capabilities>
<capability>urn:ietf:params:netconf:base:1.0</capability>
<capability>urn:ietf:params:netconf:base:1.1</capability>
<capability>urn:ietf:params:netconf:capability:writable-running:1.0</capability>
<capability>urn:ietf:params:xml:ns:yang:ietf-yang-types?module=ietf-yang-types&amp;revision=2013-07-15</capability>
<capability>urn:FS:params:xml:ns:yang:FS-tacacs?module=FS-tacacs&amp;revision=2016-10-25</capability>
<capability>urn:FS:params:xml:ns:yang:FS-interfaces?module=FS-interfaces&amp;revision=2016-10-25</capability>
<capability>urn:ietf:params:xml:ns:yang:ietf-inet-types?module=ietf-inet-types&amp;revision=2010-09-24</capability>
<capability>urn:FS:params:xml:ns:yang:FS-openflow?module=FS-openflow&amp;revision=2016-09-26</capability>
</capabilities>
<session-id>28</session-id>
</hello>
Example of capability set exchange on the client:
<hello xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<capabilities>
<capability>urn:ietf:params:netconf:base:1.0</capability>
</capabilities>
</hello>
8.3.2 <get>

This operation is used to obtain the configuration or state data of the device.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
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<rpc message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<get-config>
<filter type="subtree">
Configuration data (or state data) filtering rule
</filter>
</get-config>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<data xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
Acquired configuration data (or state data)
</data>
</rpc-reply>
If none of the subsets of state data on the device matches a filtering rule, the device returns a blank data node shown below:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="message ID " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<data xmlns="urn:ietf:params:xml:ns:netconf:base:1.0"/>
</rpc-reply>
8.3.3 <get-config>

This operation is used to acquire configuration data of the device. It acquires configuration data subsets based on various subtree
filtering rules but cannot obtain the state data of the device.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<get-config>
<source>
<running/>
</source>
<filter type="subtree">
Protocol filtering rules
</filter>
</get-config>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<data xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
Acquired configuration data
</data>
</rpc-reply>
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If none of the subsets of configuration data on the device matches filtering rules, the device returns a blank data node shown below:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<data xmlns="urn:ietf:params:xml:ns:netconf:base:1.0"/>
</rpc-reply>
8.3.4 <edit-config>

This operation is used to edit the configuration based on the provided data model definition and operation attributes. The edit-config
packets contain five operation attributes, which are specified in the operation attribute description of the configuration node in the
delivered XML packets. The five attributes are as follows:
merge: Merges configuration data in edit-config packets that contain this attribute into a specified device configuration file (or
database). If the configuration data does not exist, it is created based on delivered content.
replace: Uses configuration data in the edit-config packets that contain this attribute to replace a related configuration data node in a
specified device configuration file (or database). If the configuration data does not exist, it is created based on delivered content. FS
devices do not support this operation temporarily. If such an attribute is delivered, it is treated as the merge attribute.
create: Creates, in a specified configuration data file (or database), the configuration data in the edit-config packets that contain this
attribute. If the configuration data does not exist, it is created based on delivered content. If the configuration data already exists, an
rpc-error packet is returned and error-tag indicates that the data already exists.
delete: Deletes configuration data in the edit-config packets that contain this attribute from a specified configuration data file (or
database). If the configuration data already exists, it is deleted directly. If the configuration data does not exist, an rpc-error packet is
returned and error-tag indicates that the data is missing.
remove: Removes configuration data in the edit-config packets that contain this attribute from a specified configuration data file (or
database). If the configuration data already exists, it is removed directly. If the configuration data does not exist, this operation is
ignored and an OK response is returned.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<edit-config>
<taFSet> <running/> </taFSet>
<config xmlns:xc="urn:ietf:params:xml:ns:netconf:base:1.0">
Configuration data
</config>
</edit-config>
</rpc>
If a packet does not carry the error-option node, the value of this node is stop-on-error by default, indicating that once the
configuration of a node in a packet is incorrect, subsequent configuration in the same packet is stopped and rpc-error is returned. If a
packet does not carry the test-option node, the value of this node is test-then-set by default. If a packet does not carry the
default-operation node, the value of this node is merge by default.
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="message ID " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
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<ok/>
</rpc-reply>
If a packet carries the error-option node, the format is generally as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<edit-config>
<taFSet> <running/> </taFSet>
<error-option>behavior option in the case of a configuration error</error-option>
<config xmlns:xc="urn:ietf:params:xml:ns:netconf:base:1.0">
Configuration data
</config>
</edit-config>
</rpc>
The error-option node is a node of the enumeration type. It can be set to either of the following values:
stop-on-error: Stops the current edit-config operation immediately when the first error occurs. It is the default value of error-option.
The configuration data before the error in the current configuration packet already takes effect.
continue-on-error: Continues processing configuration data even if an error occurs. Errors are recorded, and an error message is
returned after all processing is completed (that is, rpc-error is returned for all configuration errors).
8.3.5 <copy-config>

Thisoperationisusedto synchronizestartup configuration torunning configuration.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<copy-config>
<taFSet>
<startup/>
</taFSet>
<source>
<running/>
</source>
</copy-config>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<ok/>
</rpc-reply>
8.3.6 <delete-config>

This operation is used to delete the startup configuration of the device. The running configuration cannot be deleted.
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The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<delete-config>
<taFSet>
<startup/>
</taFSet>
</delete-config>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<ok/>
</rpc-reply>
8.3.7 <close-session>

This operation is used to close the current session, release resources and locks, and break the connection.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<close-session/>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx" xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<ok/>
</rpc-reply>
8.3.8 <lock>

According to RFC6241, this operation is used to lock the configuration database (configuration files) and prevent multiple sources
(such as the CLI, SNMP, and multiple concurrent NETCONF sessions) from modifying configuration files of the device concurrently, so
as to avoid unnecessary configuration modifications. The device simplifies this operation, and can only prevent concurrent
modifications (running configuration) from multiple NETCONF sessions and ensures modification security of configuration data.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<lock>
<taFSet>
<running/>
</taFSet>
</lock>
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</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<ok/>
</rpc-reply>
8.3.9 <unlock>

This operation is used to unlock the configuration database (configuration files; running configuration on the device here). <lock>
and <unlock> are an operation pair.
The format of packets sent by the client is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<unlock>
<taFSet>
<running/>
</taFSet>
</unlock>
</rpc>
The format of packets returned by the server is as follows:
<?xml version="1.0" encoding="utf-8"?>
<rpc-reply message-id="xxx " xmlns="urn:ietf:params:xml:ns:netconf:base:1.0">
<ok/>
</rpc-reply>

8.4 Configuration
Configure parameters related to SSH channel authentication before using NETCONF. For the SSH configuration, see Configuring SSH.
Configuration

Description and Command
(Optional) It is used to configure the NETCONF server to feed back the candidate

Configuring the Candidate Capability

capability to the client when exchanging capabilities with the client.

of NETCONF
netconf capability candidate

Enables

the

candidate

and

confirmed-commit

capabilities of NETCONF.

(Optional) It is used to configure the NETCONF server to feed back the rollback-on-error
Configuring the Rollback Capability of

capability to the client when exchanging capabilities with the client.

NETCONF
netconf capability rollback

Enables the rollback-on-error capability of NETCONF.

Configuring the Validate Capability of

(Optional) Itisusedtoconfigurethe NETCONF servertofeed backthe validate capability

NETCONF

to the client when exchanging capabilities with the client.
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netconf capability validate

(Optional) It is used to configure the DSCP value for NETCONF packets.

Configuring DSCP for NETCONF
Packets

Enables the validate capability of NETCONF.

netconf dscp[ ip| ipv6 ] ssh value

Configures the DSCP value for NETCONF packets.

(Optional) It is used to configure the NETCONF framework.
Configuring the NETCONF Framework
netconf enable

Enables the NETCONF framework.

(Optional) It is used to configure the NETCONF server not to feed back the feature
attribute to the client when exchanging capabilities with the client.

Configuring the Feature Function of
the YANG Module

netconf feature-disable

(Optional) It is used to configure maximum number of returned nodes from NETCONF

Configuring the Maximum Number of

session. If the upper limit is exceeded, NETCONF will not return the nodes.

Returned Nodes from NETCONF
Session

Disables the feature function of the NETCONF.

netconf filter nodes-limit

Configures the maximum number of returned nodes
from NETCONF.

(Optional)Itisusedtoconfiguremaximumnumber oftheNETCONFsession.If theupper
limit is exceeded, the connection between the NETCONF client and server will not

Configuring the Maximum Number of

succeed.

the NETCONFSession

netconf max-sessions

Configures the maximum number of the NETCONF
session.

(Optional) It is used to configure a monitoring port for the connection between
NETCONF server and client.

Configuring the NETCONF Monitoring
Port

netconf port

Configures the NETCONF monitoring port.

(Optional) It is used to configure the server to advertise all versions of all supported
Configuring

the

YANG modules to the client when exchanging capabilities with the client.

YANG Module

Multi-version Notification
netconf yang multi-revision

Configures the YANG module multi-version notification
function of NETCONF.

8.4.1 Configuring the Candidate Capability of NETCONF

Configuration Effect
The NETCONF server returns the candidate and confirmed-commit capabilities when exchanging capabilities with the NETCONF client
(via Hello packets and capabilities packets).
Configuration Steps



Enabling the Candidate and Confirmed-Commit Capabilities of NETCONF
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Command

netconf capability candidate

Parameter

N/A

Description
Defaults

The candidate and confirmed-commit capabilities of NETCONF are disabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Enabling the Candidate and Confirmed-Commit Capabilities of NETCONF

Scenario
Figure 8- 4

Configuration



Enable the candidate and confirmed-commit capabilities of NETCONF.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf capability candidate
FS(config)#

Verification

N/A

8.4.2 Configuring the Rollback Capability of NETCONF

Configuration Effect
The NETCONF server returns the rollback capability when exchanging capabilities with the NETCONF client (via Hello packets and
capabilities packets).
Configuration Steps



Enabling the Rollback Capability of NETCONF

Command

netconf capability rollback

Parameter

N/A

Description
Defaults

The rollback capability of NETCONF is disabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Enabling the Rollback Capability of NETCONF
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Scenario
Figure 8- 5

Configuration



Enable the rollback capability of NETCONF.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf capability rollback
FS(config)#

Verification

N/A

8.4.3 Configuring the Validate Capability of NETCONF

Configuration Effect
The NETCONF server returns the validate capability when exchanging capabilities with the NETCONF client (via Hello packets and
capabilities packets).
Configuration Steps



Enabling the Validate Capability of NETCONF

Command

netconf capability validate

Parameter

N/A

Description
Defaults

The validate capability of NETCONF is disabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A

Configuration Example



Enabling the Validate Capability of NETCONF

Scenario
Figure 8- 6

Configuration



Enable the validate capability of NETCONF.

Steps
NETCONF
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Enter configuration commands, one per line. End with CNTL/Z.
FS(config)# netconf capability validate
FS(config)#
Verification

N/A

8.4.4 ConfiguringtheDSCP ofNETCONF Communication Packets

Configuration Effect
The NETCONF framework of the device allows STAs to configure the DSCP value of communication packets .
Configuration Steps



Configuring the DSCP Value of NETCONF Communication Packets

Command

netconf dscp [ ip | ipv6 ] ssh value

Parameter

value: indicates the DSCP value. The range is from 0 to 63.

Description

By default, the TOS value of the TCP packets for SSH session is 0 and the TOS value of the NETCONF communication
packets is 8.

Defaults

The NETCONF communicationpacket isnot configured, and theTOS value of theTCP packetsfor SSHsession is0and
the TOS value of the NETCONF communication packets is 8.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Configuring the DSCP Value of NETCONF Communication Packets

Scenario
Figure 8- 7

Configuration



Enable the DSCP value of NETCONF communication packets.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf dscp ip ssh 48
FS(config)#

Verification

N/A

8.4.5 Enabling the NETCONF Framework

Configuration Effect
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The NETCONF framework of the device allows STAs to connect to a configured port (port 830 by default).
Notes
N/A
Configuration Steps



Enabling the NETCONF Framework

Command

netconf enable

Parameter

N/A

Description
Defaults

The NETCONF framework is enabled.

Command

Global configuration mode

Mode
Usage Guide N/A
Verification
N/A
Configuration Example



Enabling the NETCONF Framework

Scenario
Figure 8-8

Configuration

Enable the NETCONF framework.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf enable
FS(config)#

Verification

N/A

8.4.6 Configuring the Feature Function of the YANG Module

Configuration Effect
The NETCONF server does not return the feature attribute of the YANG module when exchanging capabilities with the NETCONF client
(via Hello packets and capabilities packets).
Configuration Steps



Disabling the Feature Attribute of NETCONF
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Command

netconf feature-disable

Parameter

N/A

Description
Defaults

The feature attribute of NETCONF is enabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Disabling the Feature Attribute of NETCONF

Scenario
Figure 8-9

Configuration



Disable the feature attribute of the YANG module.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf feature-disable
FS(config)#

Verification

N/A

8.4.7 Configuring the Maximum Number of the Returned Nodes from NETCONF Session

Configuration Effect
The NETCONF client can only return the supported maximum number of XML nodes, or else, the client returns error.
Notes
This configuration takes effect only on the search result whose target is running.
Configuration Steps



Configuring the Maximum Number of the Returned Nodes from the NETCONF Session

Command

netconf filter nodes-limit num

Parameter

num: indicates the maximum number of the returned nodes. The default value is 100000, and the value ranges from

Description

100 to 2147483647.

Defaults

The maximum number of the returned nodes is 100000.

Command

Global configuration mode

Mode
Usage Guide N/A
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Configuration Example



Configuring the Maximum Number of the Returned Nodes from the NETCONF Session

Scenario
Figure 8-10

Configuration



Configure the maximum number of the returned nodes from the NETCONF session.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf filter nodes-limit 101
FS(config)#

Verification

FS (config)# show running-config | in filter nodes-limit
netconf filter nodes-limit 101

8.4.8 Configuring the Maximum Number of the NETCONF Session

Configuration Effect
The NETCONF client can only support the specified number of sessions.
Configuration Steps



Configuring the Maximum Number of the NETCONF Session

Command

netconf max-sessions num

Parameter

num:indicatesthemaximumnumberoftheNETCONFsession.Thedefaultvalueis5, andthevaluerangesfrom1to36.

Description
Defaults

The maximum number of the NETCONF session is 5.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Configuring the Maximum Number of the NETCONF Session

Scenario
Figure 8-11

Configuration
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Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf max-sessions 15
FS(config)#

Verification

FS (config)#show running-config | in max-sessions
netconf max-sessions 15

8.4.9 Configuring the NETCONF Monitoring Port

Configuration Effect
Configure a port that a NETCONF client can connect to.
Notes
N/A
Configuration Steps



Configuring the NETCONF Monitoring Port

Command

netconf port num

Parameter

num: Specifies a monitoring port, which is port 830 by default. The value ranges from 1025 to 65535.

Description
Defaults

The default monitoring port is port 830.

Command

Global configuration mode

Mode
Usage Guide N/A
Verification
N/A
Configuration Example



Configuring the NETCONF Monitoring Port

Scenario
Figure 8-12

Configuration



Configure the NETCONF monitoring port.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,oneper line. End withCNTL/Z.
FS(config)# netconf port 1234
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FS(config)#
Verification

FS (config)#show running-config | in netconf
netconf port 1234

8.4.10 Configuring the YANG Module Multi-version Notification

Configuration Effect
The NETCONF server advertises all versions of all supported YANG modules on the device when exchanging capabilities with the
NETCONF client (via Hello packets).
Notes



The netconf yang multi-revision command must be configured before the capability packet (Hello packet) of the NETCONF
server is advertised.



The no netconf yang multi-revision command must be configured before the capability packet (Hello packet) of the NETCONF
server is advertised and one YANGmodule can advertise only its current latest version in the capability notification packet.

Configuration Steps



Configuring the YANG Module Multi-version Notification



Optional.



This configuration must be completed before the NETCONF server advertises the capability packet (Hello packet).

Command

netconf yang multi-revision

Parameter

N/A

Description
Defaults

The YANG module multi-version notification is enabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A
Configuration Example



Configuring the YANG Module Multi-version Notification

Scenario
Figure 8-13

Configuration



Configure the YANG module multi-version notification.<0

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)# netconf yang multi-revision
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FS(config)#
Verification

N/A

8.4.11 Configuring NETCONF to Preferentially Support the OpenConfig YANG Model

Configuration Effect
Enable the device to load the OpenConfig YANG model when the NETCONF server starts.
Notes



The netconf yang suite openconfig command takes effect only after the device restarts. The OpenConfig YANG model is
supported once configured. Otherwise, the YANG model self-defined by FS is supported.



Thenonetconfyangsuiteopenconfigcommandtakeseffectonlyafterthedevicerestarts.Inthiscase,theOpenConfigYANG
model is notsupported.



After the command takes effect upon device restart, output of the show running-config command is configuration by
executing the CLI command.

Configuration Steps



Configuring NETCONF to Preferentially Support the OpenConfig YANG Model



Optional.



The configuration takes effect only after the device restarts.

Command

netconf yang suite openconfig

Parameter

N/A

Description
Defaults

The OpenConfig YANG model is disabled by default.

Command

Global configuration mode

Mode
Usage Guide N/A
Verification



Run the show netconf yang-suite command to display the currently effective YANG model supported by NETCONF and the
currently configured YANG model (which may be ineffective and can take effect only after the device restarts).

Configuration Example



Configuring NETCONF to Preferentially Support the OpenConfig YANG Model
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Scenario
Figure 8- 14

Configuration



Configure NETCONF to preferentially support the OpenConfig YANG model.

Steps
NETCONF

FS# configure terminal
Enterconfigurationcommands,one perline. EndwithCNTL/Z.
FS(config)#netconf yang suite openconfig
This command will take effect after device restart.
FS(config)#

Verification

N/A

8.5 Monitoring
Displaying
Description

Command

Displays the yang model.

show netconf yang-suite

9-Configuring gRPC
9.1 Overview
The GoogleRemote Procedure Call(gRPC) isa remote procedure callprotocol developed by Google for server program design. For a
local procedure call, a code segment is executed on the local device to perform an operation. For an RPC, the service user and
provider can be located on different computers and the client only needs to notify the server of the operation to be performed. This
operation request is sent to the server via a network and the server returns the execution result to the client.
gRPC uses protocol buffers to implement data serialization and deserialization and uses the Hypertext Transfer Protocol Version 2
(HTTP/2) as the data transmission protocol, to achieve better performance.
Protocols and Standards



https://github.com/grpc/grpc

9.2 Applications
Application

Description

One-to-one Topology

Allows one device to report gRPC information to one server.
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One-to-many Topology

Allows one device to report gRPC information to multiple servers.

9.2.1 One-to-one Topology

Scenario
One tested device is connected to only one server and reports gRPC data to the server, as shown in Figure 9- 1.
Figure 9- 1 One-to-one Topology

Remarks

S: tested device for collecting gRPC information
PC:gRPCserverforreceiving gRPC information

Deployment



Ensure that PC1 is reachable by S.



Enable the gRPC function on S.



On S, configure the events to be reported to the server.

9.2.2 One-to-many Topology

Scenario
One tested device is connected to multiple servers and reports gRPC data to the servers simultaneously, as shown in Figure 9- 2.
Figure 9- 2 One-to-many Topology

Remarks

S: tested device for collecting gRPC information
PC:gRPCserverforreceiving gRPC information

Deployment



Ensure that PC1 and PC2 are reachable by S.



Ensure that the IP addresses of PC1 and PC2 are different.



Enable the gRPC function on S.



On S, configure the events to be reported to the server.
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9.3 Features
Basic Concepts



gRPC

gRPC is a high-performance cross-language open-source RPC framework developed by Google. It complies with the HTTP/2 and
protobuf3.x protocols.



Channel

A channel is established between a device and a server.



Stub

A stub is an object generated during the multiplexing of a channel.
For more information about gRPC terms, visit https://github.com/grpc/grpc.
Overview
Feature

Description

Enabling

the

gRPC Enables the gRPC serviceon the device.The device canserve as agRPC server toreceive authenticationand

Function

acquisition event messages, or serve as a gRPC client to report gRPC data.

Supporting the gRPC

Supports the login and logout operations initiated by a server.

Login

and

Logout

Function
Event Types Supported

Supports real-time events, periodical events, and acquisition events.

by gRPC
Configuring a Specified

Binds a specified interface to send packets.

Interface to Send gRPC
Packets
Preconfiguring Servers
and

Preconfigures servers and to-be-subscribed events.

To-be-subscribed

Events
Preconfiguring
Information

Preconfigures information about login users of servers.
About

Login Users of the gRPC
Servers
9.3.1 Enabling the gRPC Function

Configure gRPC, start the gRPC client and gRPC server services, configure to-be-subscribed events for the device, and receive a
subscribed event sent by the NETCONF manager, to complete the gRPC data reporting process.
Working Principle
The gRPC communication complies with the HTTP/2 protocol. A client initiates a request and a server responds to this request, to
complete one data exchange. A data request can be initiated only by a client and one data exchange must end with a response of a
server. See the figure below.
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Figure 9- 3 gRPC Communication



Configure the gRPC function on device S and start the gRPC client and gRPC server services.



Device S receives an acquisition event message from the server and responds to the server with the acquisition event message
result.



The gRPC server service configured on device S waits for a subscribed event sent from the NETCONF manager.



The gRPC client service configured on deviceS reports gRPC data to the gRPC server based on thesubscribed event and waits
for a response.

9.3.2 Supporting the gRPC Login and Logout Function

gRPC supports the login and logout operations initiated by a server.
Working Principle
Figure 9- 4 gRPC Login



Configure the gRPC function on device S and start the gRPC server service.



Device S receives a login message initiated by a server, conducts local authentication, and responds to the server with the login
result.



The gRPC server service configured on device S receives only acquisition events initiated by authenticated login servers.

Figure 9- 5 gRPC Logout



Configure the gRPC function on device S and start the gRPC server service.
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DeviceSreceivesalogoutmessageinitiatedbyaserver,deletesthelocalmatchedlogininformation,and responds totheserver
with the logout result.



The gRPC server service configured on device S no longer receives acquisition events initiated by the logged out servers.

9.3.3 Event Types Supported by gRPC

gRPC supports three types of events: real-time events, periodic events, and acquisition events.
Working Principle
Real-time events: Real-time events use an event triggering threshold as a condition for information collection. When the event
triggering threshold is reached, the device collects information and reports the collected information to a server.
Periodic events: Information is collected on the device based on a time interval. When the interval arrives, the device collects
information and reports the collected information to a server.
Acquisition events: An acquisition event is initiatedby a server to query data at a time. After receiving the message, the device collects
information and reports the collected information to the server.
9.3.4 Configuring a Specified Interface to Send gRPC Packets

Working Principle
After the NETCONF manager delivers a gRPC command to a device to create a channel, the device creates a socket before sending
packets to the server, to perform the ping operation to test the availability of the path. The device sends gRPC data packets to the
server only when the path is available. By default, the created socket randomly binds the source address of a port of the device to
sendping packets.Whenthe serverreceives onlypacketsfroma specifiedsourceaddress,thepathcannot becomeavailableafter the
default gRPC action is performed and gRPC data packets cannot be uploaded.
Therefore, bind a specified source address when a socket is created, to test the availability of the path. In this way, gRPC data packets
can be uploadedcorrectly.
9.3.5 PreconfiguringServersandTo-be-subscribedEvents

Working Principle
The device can precreate servers and to-be-subscribed events via commands, or a controller can be simulated to notify the device of
servers and to-be-subscribed events via NETCONF.
The device can delete servers and subscribed events via commands, or a controller can be simulated to notify the device of servers
and unsubscribed events via NETCONF.
9.3.6 Preconfiguring Information About Login Users of the gRPC Servers

Working Principle
The device can precreate login users of authenticated servers via commands, or a server can be simulated to initiate a login request,
pass authentication, and save information about the login users.
The device can delete login users of authenticated servers via commands,or a server can be simulated toinitiate a logout request and
delete information about the login users.
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9.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the gRPC function. Subscription and data reporting are supported
only after the gRPC function is enabled.

Enabling the gRPC Function

Creates the gRPC mode and enables the gRPC

grpc

function.
(Optional) It is used to configure the authentication mode and AAA server authentication attributes
of the gRPC login and logout function when server login authentication is required.

Configuring the Authentication
Mode

and

AAA

Server

Authentication Attributes of the
gRPC Login and Logout Function

authen login {local | authentication mlist}
authen aaa-config {retry times | timeout second}

Configures the authentication mode for server
login.
Configures the login retry count and timeout time
for AAA server authentication.

(Mandatory) It is used to configure specified subscribed events.
Configuring

Event

Types

Supported bygRPC

subscr realtime enable

Enablesall subscribedreal-timeeventsofgRPC.

subscr sample enable

Enables all subscribed periodic events of gRPC.

subscr-sample-interval interval

Sets the timer interval for periodic events.

subscr-realtime-interval {all interval | realtime
json-event interval}
Specifying a Specified Interface subscr-source-interface
to Send gRPC Packets

reply-source-interface

Setting gRPC Data Response
Timeout Time
Preconfiguring

Servers

and

To-be-subscribed Events
Preconfiguring

reply-timeout
user-server ip-address port-id
type json-event value value

Information

About Login Users of gRPC

user-client id user-name ip-address

Servers

Sets the suppression time for real-time events.
Configures a specified interface to send gRPC
packets.
ConfiguresaspecifiedinterfacetosendGETdata.
Sets data response timeout time for the GET/SET
operation.
Preconfigures servers that can subscribe to
events.
Preconfigures to-be-subscribed events of a
specified server.
Preconfigures information about login users of
gRPC servers.

9.4.1 Enabling the gRPC Function

Configuration Effect



Enable the gRPC client and gRPC server services.

Notes



Ensure the network connectivity between the device and a server.



The port ID of the local gRPC server is 50051.

Configuration Steps



Enabling the gRPC Function
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Mandatory.



Enable the gRPC function on each device in global configuration mode unless otherwise specified.

Command

grpc

Parameter

N/A

Description
Defaults

The gRPC function is disabled by default.

Command

Global configuration mode

Mode
Usage Guide

Use this command to create a gRPC instance, enable the gRPC function, and enter the gRPC process configuration mode.
The gRPC client and gRPC server services are created at the same time when the gRPC function is enabled. The gRPC
client service uploads data to a server while the gRPC server service parses authentication messages and acquisition
messages sent from a server.

Verification



Run the show grpc status command to display the running time after the gRPC function is enabled.

Configuration Example
Only gRPC-related configuration is described.



Enabling the gRPC Function

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 6
One-to-One
Topology

Configuration

Enable the gRPC function.

Steps

Configure a WAN port.

S

S(config)# grpc
S(config-grpc)# exit
S(config)# interface HundredGigabitEthernet 0/49
S(config-if-HundredGigabitEthernet 0/49)# ip address 192.168.1.1 255.255.255.252

Verification

Ping the server address and check whether the address can be pinged successfully.
Check whether the gRPC function is enabled.

S

S# show grpc status

9.4.2 Configuring the Authentication Mode and AAA Server Authentication Attributes of the gRPC Login and Logout Function

Configuration Effect
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Set the authentication mode of the gRPC login and logout function to authentication-free mode, AAA local authentication, or
AAA server authentication (the timeout time and retry count can be configured).

Notes



The new-model mode needs to be enabled for AAA server authentication.



The authentication-free mode is not recommended.



It is not recommended to modify the timeout time and retry count.

Configuration Steps



Configuring the Authentication Mode of the gRPC Login and Logout Function



Optional.



Perform this configuration as required.



Run the authen login command on a required device in gRPC process configuration mode unless otherwise specified.

Command

authen login {local | authentication mlist}

Parameter

local: Uses the local username library for authentication. It is the default authentication mode.

Description

authentication: Uses a specified AAA server list for authentication.
mlist: Indicates the name of an AAA list.

Defaults

Local login isconfiguredby default,that is,the authenlogin local command isconfigured.

Command

gRPC process configuration mode

Mode
Usage Guide

After receiving a login request from a server, the device selects AAA local authentication, AAA server authentication, or
authentication-free mode as required. When the authentication is successful, the device records the login user
information, namely, the IP address and username of the server. The device responds only to acquisition event requests
initiated by authenticated servers.



Configuring the AAA Server Authentication Attributes of the gRPC Login and Logout Function



Optional.



Perform this configuration as required.



It is not recommended to modify this configuration on the device unless otherwise specified.

Command

authen aaa-config {retry times | timeout second}

Parameter

retry: Sets the retry count for AAA server authentication.

Description

times:Indicatestheretrycount.Thevalue rangesfrom1to100.
timeout: Sets the timeout time for AAA server authentication.
second: Indicates the timeout time, in seconds. The value ranges from 0 to 300 and the value 0 indicates that the
authentication is considered failed after an AAA server timeout message is received.

Defaults

The default retry count is 1 and the default timeout time is 4s.

Command

gRPC process configuration mode

Mode
Usage Guide

Use this command to configure the authentication retry count and timeout time for the AAA server authentication mode
in the case of server login. It is not recommended to change the default retry count and timeout time. A large retry count
or improper timeout time may result in AAA lockout for 15 minutes (you can run the clear aaa local user lockout all
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command to clear the AAA lockout).
Verification



Run the show running command to check whether the configuration is correct.

Configuration Example
Only gRPC-related configuration is described.



Configuring the Authentication Mode of the gRPC Login and Logout Function

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 7
One-to-One
Topology

Configuration

Enable the gRPC function.

Steps

Configure the new-model mode for AAA authentication and a mlist list named test.

S

S(config)# grpc
S(config-grpc)# authen login authentication test

Verification

Check whether the configuration is correctly saved.
Check whether the device can be pinged successfully from the PC client.
Check whether the PC client can conduct authentication and make records.

S

S# show running
S# show grpc client

9.4.3 Configuring Event Types Supported by gRPC

Configuration Effect



Enable all subscribed real-time events of the device.



Enable all subscribed periodic events of the device.



Modify the timer time for periodic events.

Notes



Events subscribed by the server take effect only after the specified subscribed events are configured on the device.

Configuration Steps



Enabling Subscribed Events of the Device



Mandatory.



Run the subscr realtime enable command to enable all subscribed real-time events of the device.



Run the subscr sample enable command to enable all subscribed periodic events of the device.
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Run the show grpc channel [ counter ] command to display real-time/periodic events subscribed by a server or to display
statistics.

Command

subscr [realtime | sample] enable

Parameter

realtime: Indicates subscribed real-time events.

Description

sample: Indicates subscribed periodic events.

Defaults

Subscribed real-time/periodic events are disabled by default.

Command

gRPC process configuration mode

Mode
Usage Guide

After configuring to-be-subscribed events, the gRPC process waits for the NETCONF manager to send a subscribed event.
When a received subscription message matches the local to-be-subscribed event, the gRPC process enables the function
of reporting gRPC data of the event to the server. After the NETCONF manager sends an unsubscribed event, if the
received unsubscription message matches the local to-be-subscribed event, the gRPC process disables the function of
reporting gRPC data of the event to the server.
If the gRPC process configures no to-be-subscribed event, the gRPC process performs no processing when receiving a
subscribed or unsubscribed event from the NETCONF manager.



Configuring the Timer Interval for Periodic Events



Optional.



Perform this configuration as required.



Run the subscr-sample-interval command on a required device in gRPC process configuration mode to modify the timer
interval for periodic events unless otherwise specified.

Command

subscr-sample-interval interval

Parameter

interval: Indicates the locally configured interval for reporting periodic events, in seconds. The value ranges from 1 to

Description

65535 and the default value is 10.
millisecond: Indicates the millisecond part in the locally configured interval for reporting periodic events. The value
ranges from 0 to 999 and the default value is 0. This value plus interval is the actual reporting interval, which should not
be smaller than 100 milliseconds.

Defaults

The default timer interval for periodic events is used by default.

Configuration

gRPC process configuration mode

Mode
Usage Guide

After a subscribed periodic event of the device is enabled and the NETCONF manager sends the subscribed periodic
event, the gRPC process starts a periodic event timer and sends gRPC data to the server that subscribes to the event.
When the periodic event sent by the NETCONF manager does not carry the timer interval, the timer interval is
determined by the subscr-sample-interval command. Whenthe periodic event sent by theNETCONF manager carries
the timer interval, this timer interval shall prevail.



Configuring the Suppression Time for Real-time Events



Optional.



Perform this configuration as required.



Run the subscr-realtime-interval command on a required device in gRPC process configuration mode to modify the
suppression time for real-time events unless otherwise specified.

Command
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Parameter

all: Indicates that the configuration takes effect on all real-time events.

Description

realtime: Indicates that the configuration takes effect on a specific real-time event.
json-event: Indicates the type of the configured real-time event.
interval:Specifies the suppressioninterval for reporting data of real-timeevents, in milliseconds.The value ranges from 1
to 1000000 and real-time events are not suppressed by default.

Defaults

Real-time events are not suppressed by default.

Configuration

gRPC process configuration mode

Mode
Usage Guide

After the device enables a subscribed real-time event, if the threshold of the event is triggered, real-time packets are
generated and sent to the server that subscribes to the event. When the threshold is triggered frequently, a large number
of packets are generated and sent to the server within a short period of time. Data of these packets may be the same but
handling these packets greatly increases the overheads of the device and server. To prevent this case, run the
subscr-realtime-interval command to suppress the generation of new packets for real-time events within a period of
time.

Verification



Run the show grpc subscr realtime command to display subscribed real-time events.



Run the show grpc subscr sample command to display subscribed periodic events.



Runtheshowgrpcchannel [counter]commandtodisplaytheIPaddress,port ID,andsubscribedeventsofaserver,ordisplay
various statistics.

Configuration Example



Enabling Subscribed Real-time Events of the Device

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 8
One-to-One
Topology

Configuration
Steps

S



Enable the gRPC function (omitted).



Set the to-be-subscribed CLI configuration modification real-time event.



The NETCONF manager subscribes to the CLI configuration modification real-time event.

S(config)# grpc
S(config-grpc)# subscr realtime enable
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Verification

Run the show grpc subscr realtime command to display the number of servers that subscribe to the CLI configuration
modification real-time event.
Run the show grpc channel [ counter ] command to display the IP addresses, port IDs, and subscribed events of the
servers or various statistics.
S# show grpc subscr realtime

S

S# show grpc channel counter



Enabling Subscribed Periodic Events of the Device

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 9
One-to-One
Topology

Configuration
Steps

S



Enable the gRPC function (omitted).



Configure the to-be-subscribed DCB PFC periodic event.



The NETCONF manager subscribes to the DCB PFC periodic event.

S(config)# grpc
S(config-grpc)# subscr sample enable

Verification

Run the show grpc subscr sample command to display the number of servers that subscribe to the DCB PFC periodic
event.
Run the show grpc channel [ counter ] command to display the IP addresses, port IDs, and subscribed events of the
servers or various statistics.

S

S# show grpc subscr sample
S# show grpc channel counter



Configuring the Timer Interval for Periodic Events

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 10
One-to-One
Topology

Configuration
Steps
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Set the interval for periodically acquiring the subscribed periodic event to 10s.
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S

S(config)# grpc
S(config-grpc)# subscr-sample-interval 10

Verification

Run the show grpc subscr sample command to display the timer interval of all subscribed periodic events.

S

S# show grpc subscr sample
Common Errors
N/A



Configuring the Suppression Time for Real-time Events

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 11
One-to-One
Topology

Configuration
Steps
S



Enable the gRPC function (omitted).



Set the suppression time to 500 ms for all subscribed real-time events.

S(config)# grpc
S(config-grpc)# subscr-realtime-interval all 500

Verification

Run the show grpc subscr realtime command to display the suppression time of all subscribed real-time events.

S

S# show grpc subscr realtime
9.4.4 Configuring a Specified Interface to Send gRPC Packets

Configuration Effect



gRPC uses the IP address of a specified interface to send packets.

Notes



The bound interface needs to be up.



An IP address needs to be configured for the bound interface.

Configuration Steps



Configuring a Specified Interface to Send Real-time and Periodic Data



Optional.



Perform this configuration as required.



Run the subscr-source-interface command on a required device in gRPC process configuration mode unless otherwise
specified.
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Configuring a Specified Interface to Send GET Data



Optional.



Perform this configuration as required.



Run the reply-source-interface command on a required device in gRPC process configuration mode unless otherwise
specified.

Verification



Run the show running command to check whether the configuration is correct.

Related Commands



Configuring a Specified Interface to Send GET Data

Command

reply-source-interface interface-type interface-number

Parameter

interface-type interface-number: Specifies the interface name.

Description
Defaults

gRPC randomly specifies a source address to send GET data by default.

Command

gRPC process configuration mode

Mode
Usage Guide

Bydefault, the GET data issentfrom arandom sourceinterface.Youcan use thiscommand toenable the server toreceive
packets from a specified interface only.



Configuring a Specified Interface to Send Real-time and Periodic Data

Command

subscr-source-interface interface-type interface-number

Parameter

interface-type interface-number: Specifies the interface name.

Description
Defaults

gRPC randomly specifies a source address to send real-time and periodic data by default.

Command

gRPC process configuration mode

Mode
Usage Guide

By default, the real-time and periodic data is sent from a random source interface. You can use this command to enable
the server to receive packets from a specified interface only.

Configuration Example
Only gRPC-related configuration is described.



Binding a Specified Interface to Send gRPC Packets

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 12
One-to-One
Topology
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Configuration

Enable the gRPC function.

Steps

Configure a WAN port.

S

S(config)# interface HundredGigabitEthernet 0/49
S(config-if-HundredGigabitEthernet 0/49)# ip address 192.168.1.1 255.255.255.252
S(config-if-HundredGigabitEthernet 0/49)# exit
S(config)# grpc
S(config-grpc)# subscr-source-interface HundredGigabitEthernet 0/49
S(config-grpc)# reply-source-interface HundredGigabitEthernet 0/49

Verification

Check whether the configuration is correctly saved.
Pingtheserveraddressandcheckwhethertheaddresscanbepingedsuccessfully.
Checkwhetherthedeviceand theserver cancommunicatewitheachother properly.

S

S# show running
S# show grpc channel

9.4.5 Setting gRPC Data Response Timeout Time

Configuration Effect



Set the data response timeout time for the device serving as the gRPC server.

Notes



The value can be set based on actual scenarios. A smaller value may result in a timeout error when the GET operation involves
time-consuming data.

Related Commands



Setting gRPC Data Response Timeout Time



Mandatory.

Command

reply-timeout interval

Parameter

interval:Indicates the data response timeout time of the device serving as the gRPC server, in seconds.The default value

Description

is 10 and the value ranges from 1 to 300.

Defaults

The default value is 10 seconds.

Command

gRPC process configuration mode

Mode
Usage Guide

After timeout time is set for the gRPC process and the collector delivers the GET/SET operation, the device returns a
timeout error to the collector if it fails to obtain data within the timeout time.

Verification



Run the show running command to check whether the configuration is correct.

Configuration Example
Only gRPC-related configuration is described.



Setting gRPC Data Response Timeout Time

Scenario
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Figure 9- 13
One-to-One
Topology

Configuration

Enable the gRPC function.

Steps

Set the gRPC data response timeout time.

S

S(config)# grpc
S(config-grpc)# reply-timeout 30

Verification

Check whether the configuration is correctly saved.
Run a command to check whether the displayed timeout value is the same as the configured value.

S

S# show running

Common Errors
9.4.6 PreconfiguringServersandTo-be-subscribedEvents

Configuration Effect



After servers and to-be-subscribed events are preconfigured, gRPC packets of related events can be reported to the servers.

Notes



The address and port ID of a server need to be valid.



To-be-subscribed events and parameters need to be correct and valid.

Configuration Steps



Preconfiguring a Server that Can Subscribe to Events



Mandatory.

Command

user-server ip-address port-id

Parameter

ip-address: Indicates the server IPv4 address.

Description

port-id: Indicates the port ID of the server.

Defaults

N/A

Command

gRPC process configuration mode

Mode
Usage Guide

Use this command to precreate a specified server channel and switch to the gRPC server subscription mode.
The to-be-subscribed events of the channel can be configured in this mode.
The device can precreate servers and to-be-subscribed events via commands, or a controller can be simulated to notify
the device of servers and to-be-subscribed events via NETCONF.
The device can delete servers and subscribed events via commands, or a controller can be simulated to notify the device
of servers and unsubscribed events via NETCONF.
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Preconfiguring To-be-subscribed Events



Mandatory.

Command

type json-event value value

Parameter

json-event: Indicates the type of an event. Fordetails,seethe output of the showgrpc subscr | includejson command.

Description

Value: Configures the parameter value, that is, the threshold for real-time events and time interval for periodic events.
value-extend: Indicates the extension of value. This parameter is used to set the millisecond part in the interval for
reporting periodic events. The value ranges from 0 to 999. This value plus value should not be smaller than 100
milliseconds.

Defaults

N/A

Command

gRPC server subscription mode

Mode
Usage Guide

Configure to-be-subscribed events and parameters for the channel, which should be consistent with the configuration
on NETCONF.

Verification



Run the show running command to check whether the configuration is correct.



Run the show grpc channel command to check whether servers and to-be-subscribed events are correct.

Configuration Example
Only gRPC-related configuration is described.



Preconfiguring Servers and To-be-subscribed Events

Scenario

The network communication between device S and PC1 is normal.

Figure 9- 14
One-to-One
Topology

Configuration
Steps

Enable the gRPC function.
Configure a channel.
Configure the subscription type.

S

S(config)# grpc
S(config-grpc)# user-server 192.168.0.1 12345
S(config-grpc-us)# type 0x10000000 value 10

Verification

Check whether the configuration is correctly saved.
Pingtheserveraddressandcheckwhethertheaddresscanbepingedsuccessfully.
Checkwhetherthedeviceand theserver cancommunicatewitheachother properly.
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S

S# show running
S# show grpc channel

Common Errors
The threshold for real-time events ranges from –1 to 100, the time interval for periodic events ranges from –1 to 65535, and an
existing type needs to be used. Otherwise, the configuration does not take effect and is not retained.
9.4.7 Preconfiguring Information About Login Users of gRPC Servers

Configuration Effect



After information about the login user of a gRPC server is preconfigured, information can be correctly acquired for acquisition
event requests initiated by the specified gRPC server.

Notes



The server address needs to be valid.



The ID of a login user needs to be unique.

Related Commands



Preconfiguring Information About Login Users of the gRPC Server



Mandatory.

Command

user-client id user-name ip-address

Parameter

id: Indicates the ID of a login user.

Description

user-name: Indicates the username (unrelated to the AAA library; there may be no login user).
ip-address: Indicates the allowed address.

Defaults

N/A

Command

gRPC process configuration mode

Mode
Usage Guide

The device can precreate login users of authenticated servers via commands, or a server can be simulated to initiate a
login request, pass authentication, and save information about the login users.
The device can delete login users of authenticated servers via commands, or a server can be simulated to initiate a logout
request and delete information about the login users.

Verification



Run the show running command to check whether the configuration is correct.



Run the show grpc client command to display information about login users.

Configuration Example
Only gRPC-related configuration is described.



Preconfiguring Information About Login Users of the gRPC Server

Scenario
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Figure 9- 15
One-to-One
Topology

Configuration
Steps

Enable the gRPC function.
Configure information about the login user of a specified server.

S

S(config)# grpc
S(config-grpc)# user-client 12345 test-user 192.168.0.1

Verification

Check whether the configuration is correctly saved.
Ping the server address and check whether the address can be pinged successfully.
Check whether information can be acquired for an acquisition event request initiated by the server.

S

S# show running
S# show grpc client

9.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears statistics of a server that can

clear grpc channel [ip-address port-id] [counter]

subscribe to gRPC events.
Clears data of gRPC periodic events and

clear grpc subscr [sample] [counter]

real-time events.
Displaying
Description

Command

Displays the IP address, port ID, and

show grpc channel [ counter ]

subscribed events of a server or various
statistics.
Displays information about login users of show grpc client
gRPC servers.
Displays the running status of gRPC.

show grpc status

Displays the statuses and statistics of

show grpc subscr [realtime | sample]

subscribed events on the device.
Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
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Description

Command

Debugs the gRPC function.

debug grpc { all | event }

10 Configuring IFA and PSR
10.1 Overview
The In-band Flow Analyzer (IFA)and Packet Statistics Report (PSR) provide the sampling function for traffic visualization. IFAcan be
used to accurately determine the path and forwarding delay of specific traffic, encapsulate such information into User Datagram
Protocol (UDP) packets, and send the packets to a customer's server for analysis. PSR can be used to periodically sample the
Management Information Base (MIB) of an interface and interface statistics, encapsulate such information into UDP packets, and send
the packets to a customer's server.
Protocols and Standards



FS proprietary protocol

10.2 Applications
Application

Description

Traffic Visualization

SamplesinterfacetrafficonaLAN, andsends sampling resultstotheserver fortrafficanalysis,so
as to achieve the network monitoring purpose.

10.2.1 Traffic Visualization

Scenario
As shown in the figure below, the traffic visualization solution is configured to monitor the communication between server 1 and
server 2. Network devices between the two servers are simplified as three devices shown in the figure, and the configuration of
omitted intermediate devices is the same as that of switch 2. IFA sampling is enabled on switch 1, the sampling start device. IFA
sampling packets have the Meta-date (MD) field added on the sampling start device switch 1, intermediate device switch 2, and
sampling end device switch 3 in sequence, and switch 3 sends the packets to the IFA server for analysis.
Figure 10-1

Deployment



ConfigureanIFAloopbackport onswitch1,and configurean IFAsampling–associatedACL, sampling rate,MDfieldtobeadded
to packets on the sampling interface.
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On switch 2, configure the sampling interface to add the MD field to packets.



On switch 3, configure server information, and configure the sampling interface to add the MD field to packets.



Configure PSR sampling on any switch to output the MIB and statistics of the sampling interface.

10.3 Features
Basic Concepts
Using network devices as nodes and device interfaces as basic sampling units, traffic visualization utilizes hardware chips to sample
and send information about traffic forwarding paths to the server for traffic monitoring. In this way, traffic status can be monitored in
real time and traffic exceptions can be identified in a timely manner, thereby ensuring normal and stable network running. IFA
sampling is to add information about specific traffic such as the path and timestamps to packets, encapsulate the packets into UDP
packets, and send the UDP packets to the server for analysis. PSR sampling is to periodically observe information about specific
interfaces.
Overview
Feature

Description

IFA Sampling

Processes packets that pass through interfaces and sends them to the server for processing.

PSR Sampling

Sends MIB, buffer, and other information of an interface to the server periodically.

10.3.1 IFA Sampling

Packets that pass through interfaces are processed and sent to the server for processing.
Working Principle
On a monitored network, the start device and end device of IFA monitoring can be selected as required and there may be multiple
intermediate devices. On thestart device, when packets pass through the IFAsampling interface, the interfaceconducts IFAsampling
processing on ACL-matched packets based on the sampling configuration of the interface. The processing includes adding the INT
probe header (probe mark, load length, SN, and other information) and MD field (device ID, ingress/egress information, and
ingress/egress timestamp). The IFA function utilizes a loopback interface to forward packets tagged with the INT Probe header
through the original ingress. The MD field also needs to be added to the packets when they pass through intermediate devices and
theend device.The end deviceencapsulatesIFAsampling resultsintoUDPpacketsand sends themtothe IFAserverfor analysis.The
path and forwarding delay of specific traffic can be determined based on the MD field and other information in IFApackets.

10.3.2 PSR Sampling

In PSR sampling, the MIB and statistics of an interface are sent to the server periodically.
Working Principle
PSRsampling istoupload theMIB(deviceinformation) and buffer information(interfacestatusand packet transmissionand receiving
statistics) of an interface to the server. When the PSR sampling interval expires, the above-mentioned information of the interface is
encapsulated into UDP packets and sent to the server for analysis.
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10.4 Product Description

Currently, only N8560/NC8200 series devices can be used as the IFA end device.Therefore, only N8560/NC8200 series devices
can encapsulate IFA sampling packets and send the encapsulated packets to a specified server.

Currently, only N8560/NC8200 series devices can be used as the IFA end device.Therefore, only N8560/NC8200 series devices
support server information configuration and only one server can be configured.

Currently, only N8560/NC8200 series devices can be used as the IFA start device.Therefore, only N8560/NC8200 series
devices support IFA ACL configuration for sampling.

Currently, only N8560/NC8200 series devices can be used as the IFA start device.Therefore, only N8560/NC8200 series
devices support the configuration of the IFA host port.

Currently, N8560/NC8200 series devices do not support filtering of IFA sampling packets.

10.5 Configuration
Configuration

Description and Command
(Mandatory) It is used to establish the connection and communication between the IFA sampling
end device and the server.
ifa server server-name source

Configures an IFA server.
Configures the name of the server to which IFA

ifa send-server server-name [ acl id | name ]

packets of an interface are to be sent, and ACL
rules.

Configuring IFA Basic Functions

(Mandatory) It is used to enable the IFA sampling function.
ifa set-loopback interface interface-name
ifa acl
ifa set-header md

Configures an IFA loopback interface.
Configures an IFA sampling–associated ACL and
sampling rate.
Adds the MD field to the header of IFA sampling
packets.

(Optional) It is used to filter IFA packets.
ifa filter enable

www.fs.com
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ifa host-port

Configures an interface as the IFA server port.

(Optional) It is used to configure the address of an IFA device.
ifa set-device

Configures the address of an IFA device.

(Mandatory) It is used to establish the connection and communication between a PSR sampling
device and a PSR server.
psr server server-name source
psr send-server server-name
Configuring PSR Basic Functions

Configures a PSR server.
Configures the name of the server to which PSR
packets of an interface are to be sent.

(Optional)It isused toadjust the transmission interval and packet length of PSR sampling packets.
psr interval seconds

Configures the time interval for PSR sampling.
Configures the number of interfaces whose

psr collect-interface numbers

sampling information is to be encapsulated into
PSR packets.

10.5.1 Configuring IFA Basic Functions

Configuration Effect



The IFA sampling end device can communicate with the server.



An interface processes packets that pass through the interface based on the sampling rate and sends the packets to the server
for processing.

Configuration Steps



Configuring an IFA Server



Mandatory.



Configure IFA server information on an end device.



Configure the ifa send-server server-name command on a specified interface of the same end device so that IFA sampling
packets can be encapsulated and sent to the specified server.

Command

ifa server server-name source ip-address port udp-port destination ip-address port udp-port

Parameter

server-name: Indicates the name of an IFA server.

Description

ip-address: Specifies the source and destination IPv4 addresses of IFA encapsulated packets.
udp-port: Specifies the server port.

Defaults

No IFA server is configured by default.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the source and destination addresses of IFA encapsulated packets. The addresses can
be host addresses only. When a non-host address (such as a multicast address or broadcast address) is configured, a
configuration failure occurs. The IFA server listens to a configured port.



Configuring the Name of the Server to Which IFA Packets of an Interface Are to Be Sent



Mandatory.
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Configure the ifa send-server server-name [ acl id | name ] command on a specified interface of an end device so that IFA
sampling packets of the interface are encapsulated and sent to the specified server.



The IFAserver information needs to be configured on the same end device so that IFA sampling packets can be encapsulated
and sent to the specified server.

Command

ifa send-server server-name [ acl id | name ]

Parameter

server-id: Indicates the name of an IFA server.

Description

id: ACL number
name: ACL name

Defaults

IFA packets are not sent by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and aggregation ports (APs). Packets can be sent to the IFA
server only after the IP address of the IFA server is configured.
The ACL rule is optional configuration. All the IFA packets on the interface will be sent to the server when no ACL rule is
configured. To send the IFA packets matching the ACL rule to the specified server, configure the ACL rule first, and then
apply the rule on the interface.



Configuring an IFA Loopback Interface



Mandatory.



Configure a physical port on a start device as the IFA loopback port of the device.

Command

ifa set-loopback interface interface-name

Parameter

interface-name: Indicates an interface name.

Description
Defaults

No IFA loopback interface is configured by default.

Command

Global configuration mode

Mode
Usage Guide

This command can be configured only on physical ports.



Configuring an IFA Sampling–Associated ACL and Sampling Rate



Mandatory.



Configure sampling rules on a start device.



A smaller sampling rate indicates lower sampling accuracy.

Command

ifa acl { id | name } rate rate

Parameter

id: Indicates the ACL ID.

Description

name: Indicates the ACL name.
rate: Indicates the sampling rate. The value ranges from 1 to 65535 and the default value is 1000.

Defaults

IFA sampling is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and APs. It is used toconfigure an IFAsampling–associated ACL
and sampling rate. Four sampling rules using different ACLs and sampling rates can be configured for one interface.
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Adding the MD Field to the Header of IFA Sampling Packets



Mandatory.



Complete this configuration on a device interface that needs IFA sampling.

Command

ifa set-header md

Parameter

N/A

Description
Defaults

No MD field is added to packets by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and APs. This command is required on the ports of the non-end
hop device that forwards the IFA sampling packets. Otherwise, the IFA sampling packets may not be able to be
re-encapsulated and sent to the server, or the packets information may be incomplete.



Filtering IFA Sampling Packets on an Interface



Optional.



Complete this configuration on a device interface that needs IFA sampling.

Command

ifa filter enable

Parameter

N/A

Description
Defaults

IFA sampling packets are not filtered by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and APs.



Configuring an Interface as the IFA Server Port



Optional.



Complete this configuration on a device interface connected to the IFA server.

Command

ifa host-port

Parameter

N/A

Description
Defaults

No interface is configured as the IFA server port by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and APs. The IFAserver port can be configured only after the IFA
server is configured.



Configuring the Address of an IFA Device



Optional.



Complete this configuration on a device interface that needs IFA sampling.

Command

ifa set-device

Parameter

N/A
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Description
Defaults

The address of an IFA device is not configured by default.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show run command to display IFA configuration and check whether the displayed configuration is consistent with the
actual configuration.

Configuration Example



Configuring IFA Sampling

Scenario
Figure 10-2

Configuration



Steps

Onthestartdeviceswitch1,configureTenGigabitEthernet0/1asanIFAloopbackinterface,enableIFAsamplingon
the interface on the packet path, and configure the interface to add the MD field to packets.



On the intermediate device switch 2, configure the interface on the packet path to add the MD field to packets.



On the end device switch 3, configure the interface on the packet path to add the MD field to packets and
configure IFA server information.

Switch 1

FS# configure terminal
FS(config)# access-list 100 permit ip any any
FS(config)# ifa set-loopback interface TenGigabitEthernet 0/1
FS(config)# interface TenGigabitEthernet 0/13
FS(config-if-TenGigabitEthernet 0/13)# ifa acl 100 rate 100
FS(config-if-TenGigabitEthernet 0/13)# ifa set-header md
FS(config-if-TenGigabitEthernet 0/13)# interface TenGigabitEthernet 0/14
FS(config-if-TenGigabitEthernet 0/14)# ifa set-header md
FS(config-if-TenGigabitEthernet 0/14)# end

Switch2

FS# configure terminal
FS(config)# interface HundredGigabitEthernet0/1
FS(config-if-HundredGigabitEthernet0/1)# ifa set-header md
FS(config-if-HundredGigabitEthernet0/1)# interface HundredGigabitEthernet0/2
FS(config-if-HundredGigabitEthernet0/2)# ifa set-header md
FS(config-if-HundredGigabitEthernet0/2)# end

Switch3

FS# configure terminal
FS(config)# ifa server server1 source 192.168.2.100 port 1000 destination 192.168.2.101 port 2000
FS(config)# interface TenGigabitEthernet 0/15
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FS(config-if-TenGigabitEthernet 0/15)# ifa set-header md
FS(config-if-TenGigabitEthernet 0/15)# interface TenGigabitEthernet 0/16
FS(config-if-TenGigabitEthernet 0/16)# ifa set-header md
FS(config-if-TenGigabitEthernet 0/16)# ifa send-server server1
FS(config-if-TenGigabitEthernet 0/16)# end
Verification



Run the show run command to check whether displayed information is consistent with the configuration.



Enable packets matching the ACL to transmit from TenGigabitEthernet0/13 of switch 1 and pass through the
interfaces above. Check whether the server receives IFApackets from switch 3 and whether sampling data in the
packets is correct.



Run the show ifa statistics command to display statistics.

FS# show ifa statistics
Type

Acl

Statistic(pkts)

Applied interface

----------------------------------------------------------------------------------------------sample-to-cpu

100

20426

Te0/13-14

sample-to-cpu

101

0

TF0/2

insert-md

-

20586

Hu0/1-2, Te0/13-16

10.5.2 Configuring PSR Basic Functions

Configuration Effect



The PSR sampling end device can communicate with the server.



The PSR sampling end device sends statistics of an interface to the server based on the sampling time interval.

Notes



A very small sampling time interval may affect forwarding performance.

Configuration Steps



ConfiguringaPSRServer



Mandatory.



Configure the psr send-server server-name command on a specified interface of the same end device so that PSR sampling
packets can be encapsulated and sent to the specified server.

Command

psr server server-name source ip-address port udp-port destination ip-address port udp-port

Parameter

server-id: Indicates the name of a PSR server.

Description

ip-address: Specifies the source and destination IPv4 addresses of PSR encapsulated packets.
udp-port: Specifies the server port.

Defaults

No PSR server is configured by default.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the source and destination addresses of PSR encapsulated packets. The addresses can
be host addresses only. When a non-host address (such as a multicast address or broadcast address) is configured, a
configuration failure occurs. The PSR server listens to a configured port.



Configuring the ID of the Server to Which PSR Packets of an Interface Are to Be Sent
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Mandatory.



The PSR server information needs to be configured on the end device so that PSR sampling packets can be encapsulated and
sent to the specified server.

Command

psr send-server server-name

Parameter

server-id: Indicates the name of a PSR server.

Description
Defaults

PSR packets are not sent by default.

Command

Interface configuration mode

Mode
Usage Guide

This command can be configured only on physical ports and APs. Packets can be sent to the PSR server only after the IP
address of the PSR server is configured.



Configuring the Time Interval for PSR Sampling



Optional.



The actual transmission interval is subject to the CPU usage.

Command

psr interval seconds

Parameter

seconds: Indicates the time interval, in seconds. The value ranges from 1 to 100 and the default value is 5.

Description
Defaults

5

Command

Global configuration mode

Mode
Usage Guide

This command is used toconfigure the global timeinterval for PSR sampling. The PSR sampling of all interfaces uses this
sampling interval.



Configuring the Number of Interfaces Whose Sampling Information Is to Be Encapsulated into PSR Packets



Optional.



This command affects the actual PSR packet length.

Command

psr collect-interface numbers

Parameter

numbers: Indicates the interface quantity. The value ranges from 1 to 100, and the default value is 1.

Description
Defaults

The default value is 1.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the number of interfaces whose sampling information is to be encapsulated into PSR
packets.

Verification



Run the show run command to display PSR configuration and check whether the displayed configuration is consistent with the
actual configuration.

Configuration Example



Configuring PSR Sampling
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Scenario
Figure 10-3

Configuration



Configure PSR server information on any device on the network and enable PSR sampling on interfaces.

Steps



Set the PSR sampling interval to 10s in global configuration mode.

Switch3

FS# configure terminal
FS(config)# psr server server1 source 192.168.2.100 port 1001 destination 192.168.2.101 port 2002
FS(config)# psr interval 10
FS(config)# psr collect-interface 2
FS(config)# interface TenGigabitEthernet 0/16
FS(config-if-TenGigabitEthernet0/16)# psr send-server server1
FS(config-if-TenGigabitEthernet 0/16)#end

Verification



Run the show run command to check whether displayed information is consistent with the configuration.



Check whether the server receives PSR sampling data from the TenGigabitEthernet 0/16 interface of switch 3 every
10s.



Run the show psr statistics command to display statistics.

FS# show psr statistics
Server id

Name

Statistic(pkts)

Applied interface

-------------------------------------------------------------------------------------------1

server1 20426

Te0/16

10.6 Monitoring
Clearing
Description

Command

Clears IFA statistics.

clear ifa statistics

Clears PSR statistics.

clear psr statistics

Displaying
Description

Command

Displays IFA and PSR configuration.

show run

Displays IFA statistics.

show ifa statistics

Displays PSR statistics.

show psr statistics
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11 Configuring IPFIX
11.1 Overview
The IP Flow Information eXport (IPFIX) is a standard protocol published by the Internet Engineering Task Force (IETF) for the
measurement of flow information on networks. It standardizes the format of network traffic statistics so that network devices and
servers from different vendors can interwork with each other.
Through IPFIX, users can learn about the current network situation, including the interface rate, traffic, and traffic of various
applications. Then, network optimization, security detection, and traffic charging can be carried out based on the information.
Protocols and Standards



RFC 5470: Architecture for IP Flow Information Export



RFC 5472: IP Flow Information Export (IPFIX) Applicability



RFC 5103: Bidirectional Flow Export Using IP Flow Information Export (IPFIX)



RFC 5153: IP Flow Information Export (IPFIX) Implementation Guidelines



RFC 5102: Information Model for IP Flow Information Export



RFC 5101: Specification of the IP Flow Information Export (IPFIX) Protocol for the Exchange of IP Traffic Flow Information



RFC 3917: Requirements for IP Flow Information Export



RFC 3954: Cisco Systems NetFlow Services Export Version 9

11.2 Applications
Application

Description

Deploying IPFIX Sampling on a Network Deploy the IPFIX sampling function on a network to collect statistics on the network traffic.
11.2.1 Deploying IPFIX Sampling on a Network

Scenario
Deploy the IPFIX sampling function on a network to collect statisticson the network traffic.
As shown in the figure below, statistics on the network traffic need to be collected.
Figure 11-1 IPFIX Sampling Application

Remarks
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The router/layer-3 switch collects traffic information and sends the information to the IPFIX server.
Deployment



Enable the IPFIX sampling function on the egress of the router/layer-3 switch.



Configure the output of IPFIX packets to the IPFIX server on the router/layer-3 switch.
The IPFIX server software is generally commercial software and ManageEngine NetFlow Analyzer is recommended.

11.3 Features
Basic Concepts



IPFIX Sampling

A network device receives packets from one interface and sends them out through another interface. When IPFIX needs to analyze
packets, it is necessary to specify the interface and inbound/outbound direction for packet statistics. This is called sampling. FS
devices allow you to specify the interface for packet sampling in the inbound or outbound direction or in both directions.



IPFIX Flow

A network forwarding device forwards packets one after another based on the destination address of the packets. It does not need to
know therelevancebetween thesepackets,which actuallyexists. For example, the packetsmay belong tothe sameTCP session.
A packet consists of a series of properties, such as the IP address and TCP port number. Different packets may share some identical
properties. A succession of consecutive packets with some identical properties that pass through a detection point within a period of
time is called one packet flow. Properties used to determine whether packets belong to the same flow are key properties of the flow.
Packetswith the same key properties belong to the same flow.These properties canbe some fieldsin the IP packet header such as the
source IP address, the ToS field, or any combination of these fields. In the IPFIX implementation on FS devices, one flow is jointly
determined by the following key fields:



Source IP address



Destination IP address



Source port number



Destination port number



Layer-3 protocol type



ToS



Index of the packet sampling interface

The seven key fields jointly determine a unique flow. Packets sharing the same seven fields belong to the same flow. A packet with
even only one key field different from other packets belongs to a different flow. One flow also has other statistical fields, such as the
number of packets, next-hop IP address, and total number of flow bytes. Flow information on FS devices also includes the following:



Flow establishment time



Flow transmission time



Total number ofpackets



Total number ofbytes



Start time of the first flow
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End time of the final flow



Inbound interface index of the flow (for inbound sampling)



Outbound interface index of the flow (for outbound sampling)
IPFIX flow described here is also known as IPFIX basic flow or main mode flow.



IPFIX Flow Table

AnIPFIX flow table stores information about measured IP flows.When receiving an IP packet, the device, based on itsflow keyfields in
the packet, searches the main cache for records about the flow. If no record about the flow exists, the device creates a flow record and
records the flow information. If records about the flow exist, the device updates flow statistics in the flow records, such as the number
of packets and number of flow bytes. For flow information in the IPFIX flow table in FS devices, see the IPFIX flow section.
For example, the device receives the following packets in sequence:
First packet:
Source IP address

192.168.196.3

Destination IP address

218.30.66.101

Source port number

1000

Destination port number

80

Layer-3 protocol type

TCP

ToS

0x0

...
Bytes

100

Time

2009/4/8 11:21:13

The flow table is empty. The device creates a new flow entry for the packet and records the flow information.
Input ifx

Gi 1/0

Src ip

192.168.196.3

Dst ip

218.30.66.101

Pro

TCP

src port

1000

Dst port

80

Tos

0

Start time

2009/4/8 11:21:13

Stop time

2009/4/8 11:21:13

packet

1

bytes

100

Second packet:
Source IP address

192.168.196.3

Destination IP address

218.30.66.101

Source port number

2000

Destination port number

80

Layer-3 protocol type

TCP

ToS

0x0

Input logical interface

Gi 1/0

www.fs.com

2455

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

...
Bytes

100

Time

2009/4/8 11:21:14

The second packet has a different source interface from the first packet and therefore, it belongs to a new flow. Then, the device
creates a new flow entry for this packet and records the flow information.
Input ifx

Gi 1/0

Gi 1/0

Src ip

192.168.196.3

192.168.196.3

Dst ip

218.30.66.101

218.30.66.101

Pro

TCP

TCP

src port

1000

2000

Dst port

80

80

Tos

0

0

Start time

2009/4/8 11:21:13

2009/4/8 11:21:14

Stop time

2009/4/8 11:21:13

2009/4/8 11:21:14

packet

1

1

bytes

100

100

Third packet:
Source IP address

192.168.196.3

Destination IP address

218.30.66.101

Source port number

1000

Destination port number

80

Layer-3 protocol type

TCP

ToS

0x0

Input logical interface

Gi 1/0

...
Bytes

100

Time

2009/4/8 11:21:15

The third packet has the same key fields as the first packet and belongs to the same flow as the first packet. The device updates
information in the first flow entry.
Input ifx

Gi 1/0

Gi 1/0

Src ip

192.168.196.3

192.168.196.3

Dst ip

218.30.66.101

218.30.66.101

Pro

TCP

TCP

src port

1000

2000

Dst port

80

80

ToS

0

0

Start time

2009/4/8 11:21:13

2009/4/8 11:21:14 AM

Stop time

2009/4/8 11:21:15 AM

2009/4/8 11:21:14 AM

packet

2

1

bytes

200

100

IPFIX flow table described here is also known as the IPFIX basic flow table or main mode flow table. It is used to store
information about basicflows.
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Basic Functions of IPFIX

An IPFIX device provides the following basic functions:
1.

Collectingstatisticson flows:Thedeviceacquires packetproperties fromareceived packetand searchestheflowtablebasedon
the seven key fields. If no relevant flow records exist in the flow table, the packet belongs to a new flow. Then, the device creates
a flow entry and collects statistics on the flow. If the packet belongs to a recorded flow, the device updates the flow statistics.

2.

Exporting flow information to the server: The device sends flow statistics to the server for analysis at appropriate time.
The IPFIX specification defines only how the IPFIX device exports flow records. The storage and analysis (implemented by the
IPFIX server) of flow records are beyond the scope of the IPFIX specification.

Overview
Feature

Description

IPFIX Flow Statistics

Creates an IPFIX flow table and collects statistics on traffic in the network.

IPFIX Flow Aging

Deletes flow records from the flow table and exports statistics to the server before deletion.

IPFIX Flow Export

Exports flow record statistics to the server.

11.3.1 IPFIX Flow Statistics

The IPFIX flowstatisticsfunction module is used to create aflow table, extract information from packets,and collect statistics on traffic
in the network.
Working Principle
Figure11-2 IPFIX Flow Statistics Process on the Network Device
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A network device forwards packets normally. It receives a packet from an interface and sends it out through another interface.



The IPFIX function moduleof the network deviceextracts relevant packet properties (such as the IP address and packet length)
from the packet header.



The device adds a timestamp to the packet for the purpose of recording the flow establishment time, flow transmission time,
and duration.



The device conducts sampling on packets according to the configuration. Sampling here refers to processing one packet out of
every n packets. For example, 1:100 sampling rate indicates that one packet is selected for processing by subsequent modules in
every 100 packets. If the configured sampling rate is 1:1, all packets will be processed.



The device collects statistics on the flow. If no record about a flow exists, the device creates a flow record. If the flow record
exists, the device updates flow information (such as the number of packets and number of bytes).



Flow records will be deleted at specific time and exported to the IPFIX server.

11.3.2 IPFIX Flow Aging

Flow records in the flow table need to be deleted under certain circumstances, and the statistics need to be exported to the server
before deletion. This process is called flow aging. Flow aging aims to avoid infinite growth of the flow table and ensure that the IPFIX
server can receive flow statistics.
Working Principle
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When no packet belonging to a flow is received within a period of time (inactive aging time), the flow has aged and the flow
information should beexported.



A flow may last very long and its information cannot be recorded infinitely. Users can set a time (active aging time) for flow
aging. When the duration of a flow exceeds the time, the flow should be aged.



IPFIX-relevant configuration can be performed to age flow records.

If a flow entry is aged and deleted but a packet with the seven key fields same as the aged flow is received very soon, a new flow entry
will be created for the packet because no entry about the flow exists in the flow table.
11.3.3 IPFIX Flow Export

IPFIX flow export refers to exporting aged flow records to the IPFIX server, which analyzes flow records.
Working Principle
After aging, flow records need to be exported to the server. In this case, the flow record will be encapsulated into a UDP or TCP packet
in the format defined in IPFIX and sent to the configured server. The collector on the server will process the record. The collector is a
special software tool for processing flow records. It can visually display the current network status and analyze network traffic based
on received flow records.
The IPFIX device transmits flow records by using a template. Before transmitting flow records, the device generates a template in the
flow record format and sends it to the server regularly. The template defines properties and length of fields in the flow record. IPFIX
has defined up to hundreds of field properties and each property has an identifier to mark its meaning. For example, identifier 8
indicates the source IP address. After receiving the template, the server knows the format of the subsequent flow record from the
template, and interprets the IPFIX flow record based on the flow record format defined in the template. The template and flow record
can be stored in the same packet or one packet can contain multiple flow records or templates.
The IPFIX device can send only important properties of a flow. The server software can extract only useful flow properties from flow
recordsand ignore other properties. For example, FS devices consider theTCP flag useful for network security analysis, and carry the
TCPflag in exported flow information. But some server software isused for trafficanalysis only and does not support network analysis,
and therefore ignores the TCP flag. There is no compatibility issue between the device and server.
Likewise, when a network device adds new fields (flow properties) to flow records, the network device needs to only re-create a data
template. The server interprets flow records based on the new template, with no need to upgrade the server software, greatly
enhancing the scalability.
The following uses UDP as an example to describe the IPFIX template and data.
Figure 11-3 IPFIX Packet
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As shown in the figure above, an IPFIX packet contains a template and flow records. An IPFIX header is added to the front of the IPFIX
packet and is transmitted over UDP.
Figure 11-4 IPFIX Template and Data

The IPFIX template format is described as follows:
Flow Set ID = 2 indicates that subsequent content is a template, which defines the format of flow records.
Length indicates the template length.
TemplateID = 256 indicates that subsequent content is the format of a flow record of type 256.
Field Num indicates the number of fields composing a flow record format.
Field n type indicates the meaning of field N in the flow record. The meaning of each value is defined in detail in the IPFIX specification.
For example, Field 1 type = 21 defines that the first field of a flow record indicates the flow establishment time.
Field n length indicates the number of bytes of field N in the flow record. For example, Field 1 length = 4 defines that the first field of a
flow record indicates the flow establishment time and the value occupies four bytes.
A template can define the format of a flow record, including the number of fields composing the template, meaning of each field, and
data bit width.
Description of the IPFIX data format:
Flow Set ID = 256 indicates that subsequent content is a flow record and the record is interpreted according to template 256.
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Length indicates the data length.
Field n Value indicates the value of field N in the flow record. For example, Field 1 Value = 12:30 indicates that the flow establishment
time is 12:30 and occupies four bytes (the meaning and bit width have been defined in the template).

11.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable IPFIX sampling.
{ ip } flow ingress

Configuring the IPFIX Flow
Statistics Function

{ ip } flow egress
flow-sampler sampler-map-name [ egress ]
flow-sampler-map sampler-map-name
mode random one-out-of packet-interval

Enables the IPFIX function in the inbound
direction of an interface.
Enables the IPFIX function in the outbound
direction of an interface.
Configures the sampling rate rule on an
interface.
Enters the sampling rate rule configuration
mode.
Configures the sampling rate rule.

(Mandatory) It is used to configure the export of IPFIX flow records.
{ ip | ipv6 } flow-export destination
Configuring the Export of Main { ip | ipv6 } flow-export version
Mode Flow Records
{ ip | ipv6 } flow-export source
{ ip | ipv6 } flow-export template
Configuring Parameters for the
Main Mode Flow Table

Configures the address of the server, to which
flow records are to be exported.
Configures the format for packets to be
exported.
Configures the source interface for exporting
packets.
Configures parameters relevant to an export
template.

(Optional) It is used to configure parameters for the IPFIX main mode flow table.
{ ip | ipv6 } flow-cache timeout

Configures the aging time of flow records.

11.4.1 Configuring the IPFIX Flow Statistics Function

Configuration Effect



CollectstatisticsonIPv4trafficonthenetwork.



CollectstatisticsonIPv6trafficonthenetwork.

Notes
N/A
Configuration Steps



Enabling the IPFIX Function in the Inbound Direction of an Interface



Mandatory.
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Run the { ip } flow ingress command on a specified interface to enable the IPFIX function in the inbound direction of the
interface.

Command

{ ip } flow ingress

Parameter

N/A

Description
Defaults

The IPFIX function is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Enabling the IPFIX Function in the Outbound Direction of an Interface



Mandatory.



Run the { ip } flow egress command on a specified interface to enable the IPFIX function in the outbound direction of the
interface.

Command

{ ip } flow egress

Parameter

N/A

Description
Defaults

The IPFIX function is disabled by default.

Command

Interface configuration mode

Mode
Usage Guide

N/A



Entering the Sampling Rate Rule Configuration Mode



Mandatory.



In global configuration mode, run the flow-sampler-map sampler-map-name command to enter the sampling rate rule
configuration mode and then configure sampling rate rules.



If you enter the sampling rate rule configuration mode but do not configure sampling rate rules, the show run command will
not show the sampling rate rule configuration mode.

Command

flow-sampler-map sampler-map-name

Parameter

sampler-map-name: Indicates the name of a sampling rate rule.

Description
Defaults

No sampling rate rule is configured by default.

Command

Global configuration mode

Mode
Usage Guide

This command is used to enter the sampling rate rule configuration mode.



Configuring the Sampling Rate Rule



Mandatory.



In sampling rate rule configuration mode, run the mode random one-out-of packet-interval command to configure a sampling
rate rule, that is, to conduct sampling once every packet-interval packets.



Youneed to run the flow-sampler sampler-map-name [egress] command on a specified interface for the sampling rate rule to
take effect on the interface.
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Command

mode random one-out-of packet-interval

Parameter

packet-interval: Indicates the sampling interval, that is, sampling is conducted once every packet-interval packets.

Description
Defaults

No random sampling rate rule is defined by default.

Command

Sampling rate rule configuration mode

Mode
Usage Guide

N/A



Applying the Sampling Rate Rule Configuration to an Interface



Mandatory.



Run the flow-sampler sampler-map-name [ acl { id | name } | egress ] command on a specified interface to enable the IPFIX
function in the inbound/outbound direction of the interface and collect statistics on incoming/outgoing traffic of the interface.

Command

flow-sampler sampler-map-name [ acl { id | name } | egress ]

Parameter

sampler-map-name: Indicates the name of a sampling rate rule.

Description

egress: Indicates the outbound direction. The rule is applied to the inbound direction if no direction is specified.
id: Indicates the ACL ID.
name: Indicates the ACL name.

Defaults

No sampling rate rule is applied to an interface by default.

Command

Interface configuration mode

Mode
Usage Guide

An ACL is applied only to inbound sampling by default. That is, if an ACL is configured or egress is not specified, the
configured sampling rate rule is applied to inbound sampling. Configure an ACL before applying a sampling rate rule.
After the ACL is applied to an interface, sampling is conducted on packets matching the ACL.

Verification



Run the show ip flow interface command to display the IPFIX configuration of an interface.



Run the show { ip | ipv6 } flow cache command to display flow table information of the device.

Configuration Example



Configuring the IPFIX Sampling Function

Configuration



Steps

Interface GigabitEthernet 1/1 is connected to the Internet and the Internet traffic needs to be monitored and
analyzed.



Enable the IPFIX function on interface GigabitEthernet 1/1.

FS# config terminal
FS(config-sampler)# mode random one-out-of 10000
FS(config-sampler)# exit
FS(config)# interface gigabitEthernet 1/1
FS(config-if)# flow-sampler my-sampler
Or
FS(config-if)# flow-sampler my-sampler egress
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FS(config-if)# ip flow ingress
FS(config-if)# ip flow egress

Verification



Run the show ip flow interface command to display the interface configuration.



Generate traffic on interface gigabitEthernet 1/1. If the ip flow ingress command is configured, statistics on
incoming traffic of interface gigabitEthernet 1/1 are collected. If the ip flow egress command is configured,
statistics on outgoing traffic of interface gigabitEthernet 1/1 are collected. Run the show ip flow cache command
to check traffic statistics.

FS# show ip flow interface
interface GigabitEthernet 1/1
flow-sampler my-sample
flow-sampler my-sampler egress
ip flow ingress
ip flow egress
Common Errors
N/A
11.4.2 Configuring the Export of Main Mode Flow Records

Configuration Effect



Send aged main mode flow records to the server.

Notes



The route to the configured address of the server, to which flow records are to be exported, must be reachable. Otherwise, the
show { ip | ipv6 } flow export command displays nothing.



If the type of interface used for exporting flow records is changed from port to VLAN and the interface is an SVI, you also need to
configure IPFIX on the VLAN interface.

Configuration Steps



Configuring the Address of the Server, to Which Flow Records Are to Be Exported



Mandatory.



You can run the { ip | ipv6 } flow-export destination command to export aged flow records to the IPFIX server.



A maximum of two IPFIX servers can be configured for record output.

Command

{ ip | ipv6 } flow-export destination { ipv6 ipv6_addr | ip-address | hostname } udp-port [ [ vrf vrf-name ] | [ oob [ via
mgmt mgmt-name ] ] ]

Parameter

ipv6ipv6_addr:SetsanIPv6addressoftheserver,towhichflowrecordsaretobeexported.

Description

ip-address:Sets an IPv4 address of the server, to which flow records are to be exported.
hostname: Sets a domain name of the server, to which flow records are to be exported.
udp-port: Indicates the ID of the server port used for monitoring IPFIX packets.
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vrf vrf-name: Indicates the name of the VRF instance, to which the server address belongs.
oob: Indicates that sampled packets are exported from the management port. It is not configured by default.
mgmt mgmt-name: Indicates the name of the management port for exporting sampled packets. It is not
configured by default.
Defaults

IPFIX flow records are not exported to the server by default.

Command

Global configuration mode

Mode
Usage Guide

IPFIX flow records of IPv4 and IPv6 protocol packets can be exported to a server with either an IPv4 or IPv6 address.



Configuring the Format for Packets to Be Exported



Optional.



Run the { ip | ipv6 } flow-export version command to specify the format of packets to be exported.

Command

{ ip | ipv6 } flow-export version { 9 | 10 }

Parameter

version 9: Indicates that the format of to-be-exported packets complies with the Netflow V9 standard.

Description

version 10: Indicates that the format of to-be-exported packets complies with the IETF standard.

Defaults

The version10 packet format is adopted by default.

Command

Global configuration mode

Mode
Usage Guide

N/A



Configuring the Source Interface for Exporting Packets



Optional.



Perform the configuration when aged flow records need to be exported to the server and the source IP address of packets
needs to be specified.

Command

{ ip | ipv6 } flow-export source interface-name

Parameter

source interface-name: Indicates the interface name.

Description
Defaults

By default, the local interface address that best-matches the server address is adopted.

Command

Global configuration mode

Mode
Usage Guide

This command is used to configure the source IP address for packets to be exported. The default source address of IPFIX
packets to be exported is the local address that best-matches the server address. When the source interface is specified,
the source address of the IPFIX packets to be exported is the main address of the interface (the IPv6 address is the first
global IPv6 address of the interface).
When no source interface is specified, the source address of the IPFIX packets to be exported is the local address that
best-matches the server address. The server address can be an IPv4 or IPv6 address or both. If the source interface is
specified and the server address is set to an IPv6 address, ensure that an IPv6 address is configured for the source
interface.If theserver addressissettoan IPv4address,ensure that anIPv4 addressisconfigured forthesourceinterface.
Otherwise, the system obtains the best-matched local address as the source address based on the server address. You
must ensure that the source interface and the server, to which flow records are to be exported, belong to the same VRF
instance. Otherwise, the system obtains the best-matched local address as the source address based on the server
address.
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Configuring Parameters Relevant to an Export Template



Optional.



Perform the configuration when the template export frequency needs to be adjusted. The IPFIX server parses IPFIX packets
according to the template. When the IPFIX function is enabled on the device at the first start, you can set the template
retransmission frequency to a smaller value so that the IPFIX server can receive the IPFIX template soon, for example, set the
retransmission interval to 1 minute.

Command

{ ip | ipv6 } flow-export template { refresh-rate packets | timeout-rate minutes | options { export-stats | refresh-rate
packets | timeout-rate minutes } | model model-id }

Parameter

refresh-ratepackets: Specifies the template retransmission frequency, with the unit of packets.The value ranges from 1

Description

to 600 and the default value is 20.
timeout-rateminutes: Specifies the template retransmission interval, with the unit of minutes.The value ranges from1 to
3600 and the default value is 10.
options export-stats: Enables the export of option packets.
options refresh-rate packets: Sets the retransmission frequency of option data, with the unit of packets. The value
ranges from 1 to 600. The default value is 20.
options timeout-rate minutes: Sets the retransmission interval of option data. The value ranges from 1 to 3600. The
default value is 10 minutes.
model model-id: Indicates the template mode ID. The value can be 0 or 1 and the default value is 0. Template mode 0
indicates that an inbound sampling template and an outbound sampling template exist. Template mode 1 indicates that
the sampling direction is not differentiated and statistics in the inbound and outbound directions are recorded in the
same template.

Defaults

The default data template retransmission frequency is 20 packets and the default retransmission interval is 10 minutes.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification
Run the show { ip | ipv6 } flow export command to display information on the IPFIX server.
Configuration Example



Configuring the Server, to Which Flow Records Are to Be Exported

Configuration



Configure the output destination address and destination port.

Steps



Configure the format for packets to be exported.



Configure the output template retransmission frequency.



Configure output options.

FS# config terminal
FS(config)# ip flow-export destination 192.168.2.2 9996
FS(config)# ip flow-export source gigabitEthernet 4/2
FS(config)# ip flow-export version 9
FS(config)# ip flow-export template refresh-rate 30
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FS(config)# ip flow-export template timeout-rate 40
FS(config)# ip flow-export template options export-stats
FS(config)# ip flow-export template options refresh-rate 35
FS(config)# ip flow-export template options timeout-rate 45

Verification

Run the show ip flow export command to display exported information.
FS# showipflowexport
IPV4 main Cache:
Exporting flows to 192.168.2.2(9996)
Exporting using source IP address 192.168.2.1
Version 0 flow records
IPV4 Template ID = 257
Templatetimeout = 30 Minute(s)
Template refresh rate = 40
0 flows exported in 0 udp datagrams
0 flows failed to export

Common Errors
N/A
11.4.3 Configuring Parameters for the Main Mode Flow Table

Configuration Effect



Adjust the aging time of flow records in the flow table.

Notes



If the IPFIX function is enabled globally (the { ip } flow ingress or { ip } flow egress command is configured on a port), the
change on the maximum number of entries that can be cached does not take effect immediately unless the IPFIX function is
enabled globally again or the device is restarted. On any port with the IPFIX function enabled, you can run the no { ip } flow
ingress or no { ip } flow egress command to disable the IPFIX function on all ports so as to disable the IPFIX function globally.
Then, run the { ip } flow ingress command to enable the IPFIX flow statistics again.

Configuration Steps

 Configuring the Aging Time of Flow Records


Optional.



Run the ip flow-cache timeout { active minutes | inactive seconds } command to modify the inactive aging time and active
aging time.



When traffic needs to be displayed on the server in real time, it is recommended to set the aging time to a smaller value, for
example, set the active aging time to 1 minute.
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Modifying aging time affects how long a flow record is stored in the flow table. If the aging time is set to a larger value, flow
records exist in the flow table longer and the IPFIX server is slower in receiving the flow records.

Command

{ ip | ipv6 } flow-cache timeout { active minutes | inactive seconds }

Parameter

active minutes: Indicates the active aging time, in minutes, that is, the time that an active entry can exist in the main

Description

mode cache before export or deletion. The valid value range is from 1 to 60 and the default value is 30.
inactive seconds: Indicates the inactive aging time, in which no flow record about an entry is detected before the main
mode entry is aged. The value ranges from 10 seconds to 600 seconds. The default value is 15 seconds.

Defaults

The default inactive aging time is 15 seconds and the default active aging time is 30 minutes.

Command

Global configuration mode

Mode
Usage Guide

N/A

Verification



Run the show { ip | ipv6 } flow cache command to display information about the main mode flow table.

Configuration Example



Configuring Parameters for the Main Mode Flow Table

Configuration



Configure the active aging time for flow records.

Steps



Configure the inactive aging time for flow records.

FS# config terminal
FS(config)# ip flow-cache timeout active 2
FS(config)# ip flow-cache timeout inactive 20

Verification

Run the show ip flow cache command to display information about the main mode flow table.
FS# show ip flow cache

Common Errors
N/A

11.5 Monitoring
Clearing
Description

Command

Clears flow table information.

clear { ip | ipv6 } flow stats

Displaying
Description

Command

Displays information about the main

show { ip | ipv6 } flow cache

mode flow table.
Displays information about the

show { ip | ipv6 } flow export

server, to which flow records are to
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be exported.
Displays IPFIX configuration of an

show ip flow interface

interface.
Debugging
N/A

Data Center Configuration
1.

Configuring DCB

2.

Configuring VXLAN
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1 Configuring DCB
1.1 Overview
A data center (DC) mainly processes the following three traffic types:



Storage traffic: The requirement of packet integrity must be met.



High-performance computing traffic: The requirement of low delay must be met.



Ethernet traffic: Certain degree of packet loss and delay are allowed.

Due to the different requirements for the three traffic types, traditional DC bears the traffic on three types of networks, as shown in
Figure 1-1.
Figure 1-1 Three types of DC networks

Thistopology configurationisfeasiblefor asmall-sizedDC. If theDC grows,running thethreetypes of networksbecomes costly.An
alternative method is to bear the three traffic types on Ethernet and define additional mechanisms, so that the Ethernet can meet the
requirements of the three types of networks. The following definitions are formulated in IEEE to implement the method:



Priority-basedFlowControl(PFC):amechanismthatavoidspacketlossinstoragetrafficandimpactonother traffictypes ifthe
three traffic types coexist on Ethernet.



Data Center Bridging Capability Exchange Protocol (DCBX): a protocol that is defined by IEEE 802.1Qaz for negotiating the data
center bridge (DCB) capability. With the Link Layer Discovery Protocol (LLDP), DCBX discovers devices and exchanges DCB
capability.
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Protocols and Standards



IEEE Std 802.1Qaz



IEEE 802.1Qbb



IEEE 802.1Qau



IEEE 802.3bd



http://www.ieee802.oFS/1/files/public/docs2008/az-wadekar-dcbx-capability-exchange-discovery-protocol-1108-v1.01.pdf

1.2 Applications
Application

Description

Configuring DC Network

The Ethernet of a DC bears three types of data traffic.

1.2.1 Configuring DC Network

Scenario
The DC Ethernet bearing three types of data traffic must meet the following requirements:



Storage traffic: The requirement of packet integrity must be met.



High-performance computing traffic: The requirement of low delay must be met.



Ethernet traffic: Certain degree of packet loss and delay are allowed.

Figure 1-2

Deployment



Enable PFC for storage traffic to meet the requirement of packet integrity.



Map the packet priority of high-performance computing traffic to the traffic class (TC) which boasts strict priority (SP) algorithm.



Allocate bandwidth to the TC of Ethernet traffic.
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1.3 Features
Basic Concepts



802.1p (Cos)

In 802.1p, the L2 header Virtual Local Area Network (VLAN) tag field falls into 8 priorities, ranging from 0 to 7.
16bit

3

12bit

bi
t

Tag Protocol ID (0x8100)

pr

VLAN ID

io
rit
y
Traffic with priorities in the range 0~2 indicates common Ethernet traffic that is transmitted with maximum capability; traffic with
priority 3 indicates Fiber Channel Over Ethernet (FCoE) Storage Area Network (SAN) traffic; traffic with priorities 4 and 5 indicates
delay-sensitivevoicetraffic;and trafficwithpriorities6 and7indicatesdelay-sensitivemaintraffic.Trafficwithpriority7indicates
network control packets.



Trust edge and application priority identification

By default, Ethernet ports are untrusted ports and need to be set totrust mode, so that packets carrying 802.1p value tags can be
mapped to corresponding TC. The priority of untagged packets is 0 by default and can be modified.
The identified priority of FCoE packets is 3 by default and can be modified.The priority identification function must be enabled on a
network interface card (NIC) which supports DCBX. If the NIC does not support DCBX, the priority identification function will be
ignored.
IfNICsdo not support DCBXor usersrequiremoredetailed priorityidentificationfunction,configureQualityof Service(QoS)policies
on ports tomap an accesscontrol list (ACL) and identify applicationpriority; or modify the FCoE packet priority on the servers directly
connected to switches.



Queue and TC

Aswitchport has3~8 queuesforcaching packets.Atrafficclass(TC)canbeasinglequeue cachingpacketswithdifferentprioritiesor
composed of multiple queues, with each queue caching packets of specified priority.The SP algorithm can be performed for aTC.
For example, TC 1 contains queue 1 only, and queue 1 caches packets with priorities 0~2; or TC 1 contains queues 0~2, where, queue 0
caches packetswithpriority0, queue 1 caches packetswith priority 1, and queue 2 caches packetswithpriority2. Meanwhile, the SP
algorithm may be enabled for queues 0~2 to ensure that packets with priority 2 are transmitted first.



Mapping list

Packets are mapped to a TC in the mapping list according to identified priority and then allocated to a specific queue of the TC.



A TC is composed of multiple queues.

Each packet with a priority is mapped toa specificqueue of theTC.The following table lists themapping relationship between
priorities and queues.
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Cos

0

1

2

3

4

5

6

7

Queue

0

1

2

3

4

5

6

7

QueuesinaTCareassociatedwiththeprioritiesmapped.Accordingtothemappinglist,userscanmodifyqueuescontainedinaTC.
For example, users can map priorities 0~2 to TC 1, then TC 1 contains queues 0~2 that are associative with priorities 0~2.



A TC contains a single queue.

A TC is associative with a specific queue. The following table lists the mapping relationship between queues and TCs.
Queue

0

1

2

3

4

5

6

7

TC

0

1

2

3

4

5

6

7

According tothe mapping list, the mapping relationship between priorities and TCs is the mapping relationship between priorities
and queues. For example, if priority 3 is mapped to TC 1, packets with priority 3 will be mapping to queue 1 of TC 1.
Overview
Feature

Description

PFC

ImplementsPFC on packetsbased on 802.1p value. If trafficof specified prioritybecomes congested, stops
forwarding packets of thispriority and instructs the transmitting device to stop sending such packets.With this
function, packet integrity of Ethernet can be ensured.

DCBX

The DCB deviceon the edge access layer instructs the servers connected toautomatically synchronize with the
DCB device.

1.3.1 Configuring PFC

With PFC, packet integrity of the storage traffic can be ensured and impact on other traffic types can be avoided if the three traffic
types, storage traffic, high-performance computing traffic, and Ethernet traffic, coexists on Ethernet. An 802.1p value is allocated to
the storage traffic, and the PFC function is enabled for the priority. Other 802.1p values are allocated to the high-performance
computing traffic and Ethernet traffic and the PFC function is disabled.
Working Principle
PFCisan enhanced versionof the flowcontrol function. Generally,ifa receiver isunable toprocessreceivedpackets,the receiver
instructsthepacketsender tostopsending packets,whichavoidspacketloss.The flowcontrol functionisimplemented byreceiving
or sending PAUSE frames via ports.
Figure 1-3 Flow control

AsshowninFigure1-3, when portsGi 0/1 and Gi0/2 forwardpacketsat1 Gbps, port Fa0/1willbe congested.Toavoidpacketloss,
enable the flow control function on ports Gi 0/1 and Gi 0/2.



If port Fa 0/1 is congested in the course of forwarding packets, switch B will cache the packets.When the traffic exceeds the
forwarding capability of switch B, packets will be lost. In thiscase, port Gi 0/2 will send a PAUSEframe to port Gi 0/1, instructing
port Gi 0/1 to stop forwarding packets.
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Upon receiving the PAUSE frame, port Gi 0/1 stops forwarding packets to port Gi 0/2. The pause time is subject to the
informationcarriedinthePAUSEframe.Ifthecongestionproblempersistsafterthepausetimeisup, theprecedingprocedure
will repeat until the congestion problem is cleared.

As described above, the flow control function can avoid packet loss, but it will result in link stop as well. That is, the entire link is
stopped.The PFC function, however,allows eight virtual linkstobe createdover an Ethernetlink and specifiesan 802.1pvalue for
each virtual link. Any virtual link can be paused or restarted independently, without causing traffic interruption to other virtual links.
Figure 1-4 PFC

As shown in the preceding figure, enable the PFC function on ports Gi 0/1 and Gi 0/2 for priority 3.



If port Fa 0/1 is congested in the course of forwarding packets with priority 3, switch B will cache the packets.When the traffic
exceeds the forwarding capability of switch B, port Gi 0/2 will send a PFC PAUSEframeto port Gi 0/1, instructing port Gi 0/1 to
stop forwarding packets with 802.1p value 3.



UponreceivingthePFCPAUSEframe,portGi0/1 stopsforwardingpacketstoport Gi0/2.The pausetimeissubjecttothe
informationcarried inthePFC PAUSEframe. Ifthecongestionproblem persistsafter thepause timeisup, the preceding
procedurewill repeat until thecongestion problem iscleared. As shown inthe preceding figure,stopping forwarding packets
with priority 3 will not have impact on packet transmission of other links between Gi 0/1 and Gi 0/2.

Related Configuration



Enabling the PFC Function

The PFC function is disabled for any priority by default.
Run the priority-flow-control nodrop cos-value-list {off | on} command to enable the PFC function for a specified priority.
cos-value-listindicatesaprioritylist(range:0~7);onindicatesthatthePFCfunctionisenabled;andoffindicatesthatthePFCfunction
is disabled.



Disabling the PFC RX/TX Function

The PFC RX/TX function is enabled on the device by default.
Run the priority-flow-control { rx | tx } disable command to disable the PFC RX/TX function. After this command is configured, PFC
PAUSE frames are not received or transmitted.



Configuring the Value of XOFF-TIME in a PFC Frame

By default, the value of XOFF-TIME in PFC frames sent by the device is 65535.
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Run the priority-flow-control xoff-time number command to configure the value of XOFF-TIME in PFC frames to be sent.The value
of XOFF-TIME ranges from 1 to 65535. The unit of XOFF-TIME is the time required by the chip to send 512-bit data at the physical
layer.

 Configuring Flow Rate Warning for Pause Frames for a Priority of an Interface
By default, no warning is generated when a device interface sends or receives Pause frames.
Run the priority-flow-control early-warning cos-value-list { output pps rate-num] | input pps rate-num} command to configure the
flow rate warning thresholds for Pause frames in the input and output directions for a specified PFC priority of an interface.
cos-value-list indicates the configured priority list, and a priority ranges from 0 to 7. output pps rate-num indicates the threshold of
Pause frames in the output direction while input pps rate-num indicates the threshold of Pause frames in the input direction.
If the rate for an interface at a specified priority to send/receive Pause frames exceeds the configured threshold (packets per second),
a warning is generated and logged.

1.3.1.1 PFC Deadlock Detection

After the PFC priority is configured on the switch, the Ethernet is apt to encounter deadlock if a link is congested. This is called PFC
deadlock.
Working Principle
The figure below shows a typical scenario, in which devices in a data center have cyclic buffer areas that are mutually dependent. In
the ring topology, any device may affect the buffer areas of the uplink device, and wait for its downlink device to release some buffer
areas to recover the data packet transmission (dependency relationship). When Device A, Device B, and Device C reach the XOFF
waterline and transmit PFC frames to the peer device at the same time, all switches in the topology are in the flow pause state, that is,
deadlock occurs. The throughput of the entire network or part of the network becomes zero due to the back pressure effect of PFC
Pause frames. A lot of facts show that deadlock surely occurs in such networks. Deadlock may also occur when a transient loop forms
in a closed-loop network. In a data center, when a link fault occurs, a transient loop arises during the rerouting of the Border Gateway
Protocol (BGP,an autonomous system routing protocol running over TCP); a transient loop may also appear during the update of the
SDN-based data center. Though the transient loop disappears rapidly, the deadlock incurred persists. The system cannot automatically
clear deadlock even after the error cause (for example, configuration error or link fault/update) is eliminated.
Figure 1- 5 Deadlock Principle
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Remarks

Device A, Device B, and Device C are switches.

A buffer time can be set for PFC priority queues of a device interface to eliminate the deadlock. When a queue is congested and PFC
Pause frames are received, a few time slices are still allocated for packet processing, to recover from the deadlock state.
When it is detected that an interface of a PFC priority enters the deadlock state frequently, the PFC function of the priority can be
disabled to avoid impact on the normal forwarding of packets.
Related Configuration



Configuring the PFC Deadlock Detection Time and Packet Processing Time for a Specified Priority

Run the priority-flow-control deadlock cos-value cos-value-list [detect detect-time recover recover-time [continue | backoff
most-times] ] command to configure the PFC deadlock detection time and packet processing time for a specified priority. (If the PFC
deadlock detection time and packet processing time are not configured, default values are used.) continue indicates that an
algorithm is enabled, in which an interface is always in the deadlock state and exits the deadlock state only when it does not receive
PFC PAUSE frames. backoff most-times indicates that the recover-time backoff algorithm is enabled and most-times indicates the
maximum number of backoff times. If continue or backoff is not configured, the recover-time algorithm is not enabled. After the
deadlock recover-time ends, the interface directly exits the deadlock state.



Enabling the PFC Deadlock Detection Function for a Priority of an Interface

The PFC deadlock detection function is disabled for all priorities of all interfaces by default.
When the priority-flow-control deadlock cos-value detect recover command is executed to configure the global PFC deadlock
detectionfunction for a priority,you can run the priority-flow-control deadlock cos-value cos-value-list enablecommand to enable
the PFC deadlock detection function for the specified priority of an interface.
After the PFC deadlock detection function is enabled for a specified priority of an interface, the interface will detect PFC deadlock
events at this priority of the interface. If a PFC deadlock event occurs, the interface processes packets according to the configured
policy.The priority-flow-control deadlockdrop command isused todiscard packets;if this command is not configured, packets are
allowed to pass.



Configuring the PFC Deadlock Threshold Function

The PFC deadlock threshold function is disabled for all priorities by default.
After the priority-flow-control deadlock cos-value detect recover command is executed to configure the global PFC deadlock
detection function for a priority, you can run the priority-flow-control deadlock limit cos-value cos-value-list enable command to
enable the PFC deadlock threshold function for the specified priority.
After the PFC deadlock threshold function is enabled for a priority, if the number of deadlock times occurring for the priority within a
detection period (1 minute by default) reaches the threshold (10 times by default), the PFC function is disabled for the priority, and
the event and the disabling of the PFC function are logged (you can run the show priority-flow-control deadlock status command
to display the logs).
1.3.2 Configuring DCBX

Working Principle



DCBX version

Currently, market products support the following DCBX versions:
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CIN-DCBX: indicates the first-generation of DCBX designed by Cisco, Intel, and Nuova that is compatible with the converged
network adapter (CNA).



CEE-DCBX: indicates the second-generation of DCBX that is compatible with the CAN.



IEEE-DCBX: indicates a standard DCBX that is defined by IEEE 802.1Qaz.



Negotiating DCB capability

DCBX encapsulates each DCB capability into an LLDP type/length/value (TLV). Based on the LLDP TLV,peer devices discover the DCB
capabilitiesofneighboringdevicesand thennegotiatewiththeneighboringdevicesaccordingtothediscoveredDCBcapabilities.By
the negotiation, DCB configuration can be synchronized and error detection can be implemented at both ends.
DCB capabilities that need to be negotiated include PFC, and APP. The Willing field is contained in corresponding TLV of the
capabilities.When the Willing field is 1, peer DCB configuration is acceptable; when theWilling field is 0, peer DCB configuration is
unacceptable.DCB capabilities arenegotiated based on theWilling field.The following table liststhe valuesof theWillingfieldat both
ends and negotiation results.
Local Willing Field

Peer Willing Field

Negotiation Result

1

1

DCB configuration of the device with smaller media access control (MAC)
address is selected as a common DCB configuration.

1

0

Peer DCB configuration is selected.

0

1

Local DCB configuration is selected.

0

0

IfDCBconfigurationatboth ends isthe same, negotiationsucceeds;otherwise,
negotiation fails.

Related Configuration
The DCBX function is enabled by default, so DCB capability configuration can be performed without additional configuration.

1.4 Configuration
Configuration

Description and Command
(Mandatory) It is used to enable the PFC capability.
priority-flow-control nodrop cos-value-list { off | on}
priority-flow-control {rx | tx} disable

Configures the PFC function for specified
priorities.
Disables the PFC RX/TX function.
Configures the value of XOFF-TIMEina PFC

priority-flow-control xoff-time number

frame.

Configuring Basic

priority-flow-control early-warning cos-value-list { output

Configures the flow rate warning for a

Functions of the PFC

pps rate-num] | input pps rate-num }

priority of an interface.

priority-flow-control counting-interval number
priority-flow-control deadlock cos-value cos-value-list
[detectdetect-time recoverrecover-time[continue |backoff
most-times] ]
priority-flow-control deadlock
enable
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cos-value-list

Configures the

global

PFC

statistics

collection interval.
Configures attributes of the PFC deadlock
detection function for a PFC priority.
Enables the PFC deadlock detection
function for a priority of an interface.
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priority-flow-control deadlock drop

Configures the function of discarding
packets in the PFC deadlock state.

priority-flow-control deadlock precision low

Sets thePFCdeadlock timeprecisiontolow.

priority-flow-control deadlock limit frequency number

Configures the PFC deadlock threshold and

{ period | period-second } time

detection period.

priority-flow-control deadlock limit cos-value cos-value-list

Enables the PFC deadlock threshold

enable [ rx ]

function for a priority.

(Mandatory) It is used to discover, detect, and negotiate peer DCB capabilities.
dcbx enable
Configuring Basic
Functions of the DCBX

dcbx mode { auto | cee | ieee }
dcbx { pfc | app-proto } advertise
dcbx { pfc | app-proto } willing enable



Enables the global and interface DCBX
function.
Configures the DCBX mode of interfaces.
Configures the DCBX TLV type that can be
released on ports.
Enables DCB capability synchronization for
ports.

Remark: Configuration commands vary with specific products. For details about the commands, refer to DCB Commands.

1.4.1 ConfiguringBasic Functions ofthePFC

Configuration Effect



Implement PFC for port data traffic based on 802.1p values.

Notes



PFC is applicable to point-to-point (P2P) full-duplex links only.



The PFC function conflictswithordinary flowcontrol function.



If the priorities with PFC enabled and the priorities with PFC disabled are mapped to a queue, packets with the latter priorities
will be suppressed. Generally, it is not recommended to map such priorities to a same queue.



The PFC function is not applicable to packets sent by a CPU.



The PFC function can take effect after a port trusts the CoS values.



Priorities with the PFC function enabled cannot be mapped to a TC or queue that contains any other priorities (including
prioritieswith thePFCfunction enabled). In another word, priorities mapped to aTCor queue cannot have thePFC function
enabled.

Configuration Steps



Enabling the PFC function



The PFC function is disabled for packets with any priority by default. To implement PFC on specified priority, configure PFC.

Verification



Check the display result.

Related Commands
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Enabling the PFC function

Command

priority-flow-control nodrop cos-value-list {off | on}

Parameter

cos-value-list: Indicates a priority list (range: 0~7).

Description

on: Enables the PFC function of a priority.
off: Disables the PFC function of a priority.

Command

Global configuration mode

Mode
Usage Guide

N/A

Command

priority-flow-control nodrop cos-value-list {off | on}

Parameter

cos-value-list: Indicates a priority list (range: 0~7).

Description

on: Enables the PFC function of a priority.
off: Disables the PFC function of a priority.

Command

Interface configuration mode

Mode
Usage Guide

The PFC function can be automatically negotiated and configured based on DCBX. After the PFC function is configured
on the CLI, configuration results fall into the following scenarios:
1)

The PFC function is automatically negotiated and configured based on DCBX. The automatic configuration takes
effect.

2)

The PFC function is not automatically negotiated and configured based on DCBX. The configuration on the CLI
takes effect.



Disabling the PFC RX/TX Function

Command

priority-flow-control { rx | tx } disable

Parameter

N/A

Description
Command

Global or interface configuration mode

Mode
Usage Guide

(1)

Bydefault,thePFC RX/TXfunctionisenabled.Whenthiscommand isconfigured,thePFC functionisdisabled.

(2)

This command can be configured in global or interface configuration mode depending on the chip capability.
When the PFC RX/TX function supports the global configuration capability, the command is unavailable on
interfaces.

(3)

When the PFC RX/TX function supports the interface configuration capability, the command can be configured
in global configuration mode and the configuration can be saved to each interface. The configuration is
displayed only on interfaces.



Configuring the Value of XOFF-TIME in a PFC Frame

Command

priority-flow-control xoff-time number

Parameter

number: Indicates the value of XOFF-TIME in a PFC frame, ranging from 1 to 65535. (The unit of XOFF-TIME is the

Description

time required by the chip to send 512-bit data at the physical layer.)

Command

Global or interface configuration mode

Mode
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Usage Guide

(1)

Use this command toconfigure the value of XOFF-TIME in a PFC frame.The default value of XOFF-TIME is
65535.

(2)

This command can be configured in global or interface configuration mode depending on the chip capability.
Whenthe PFC frame XOFF-TIME function supports the global configuration capability, the command is
unavailable on interfaces.

(3)

When the PFC frame XOFF-TIME function supports the interface configuration capability, the command can be
configured in global configuration mode and the configuration can be saved to each interface. The
configuration is displayed only on interfaces.



Configuring Flow Rate Warning for a Priority of an Interface

Command

priority-flow-control early-warning cos-value-list { output pps rate-num] | input pps rate-num}

Parameter

cos-value-list: Indicates the configured priority list. The priority ranges from 0 to 7.

Description

rate-num: Indicates the flow rate warning value. The value ranges from 1 to 148809523.

Command

Interface configuration mode

Mode
Usage Guide



N/A

Configuring the Global PFC Statistics Collection Interval

Command

priority-flow-control counting-interval number

Parameter

number: Indicates the statistics collection interval in seconds. The value ranges from 1 to 20.

Description
Command

Global configuration mode

Mode
Usage Guide

N/A

Configuration Example



Enabling PFC for 802.1p value 3

Scenario
Figure 1-6

Configuration



Specify PFC IEEE 802.1p value 3 on a server.

Steps



SpecifyPFC IEEE 802.1p value3on aswitch.

A

FS(config)# priority-flow-control nodrop 3 on

Verification

Check the display result.

A

FS# show priority-flow-control status
PFC Global PriorityEnablePFC: 3
FS# show priority-flow-control status interface FastEthernet 0/1
Interface
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----------------

----------------- --------------------------

FastEthernet 0/1

3

FS# show priority-flow-control statistics interface FastEthernet 0/1
interface PriorityPauseSend

PauseSend-Rate

PauseReceived PauseReceived-Rate

(packets/sec)

(packets/sec)

---------- -------- ----------- ---------------- ------------- -----------------Fa 0/1

0

0

0

0

0

Fa 0/1

1

0

0

0

0

Fa 0/1

2

0

0

0

0

Fa 0/1

3

0

0

0

0

Fa 0/1

4

0

0

0

0

Fa 0/1

5

0

0

0

0

Fa 0/1

6

0

0

0

0

Fa 0/1

7

0

0

0

0

NC8200-4TD#show priority-flow-control statistics history-top int hu 1/1
Interface : HundredGigabitEthernet 1/1
Priorioty : 0
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 1
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 2
PauseSended
PauseSended-Rate
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0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

2481

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

PauseSended-Rate-3rd
PauseReceived
PauseReceived-Rate

: 0packets/sec
0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 3
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 4
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 5
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 6
PauseSended
PauseSended-Rate
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0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec
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PauseSended-Rate-3rd
PauseReceived
PauseReceived-Rate

: 0packets/sec
0
: 0packets/sec

PauseReceived-Rate-1st : 0 packets/sec
PauseReceived-Rate-2nd :0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec
Priorioty : 7
PauseSended
PauseSended-Rate

0
: 0 packets/sec

PauseSended-Rate-1st

:0packets/sec

PauseSended-Rate-2nd

: 0 packets/sec

PauseSended-Rate-3rd : 0 packets/sec
PauseReceived
PauseReceived-Rate

0
: 0packets/sec

PauseReceived-Rate-1st:0packets/sec
PauseReceived-Rate-2nd : 0 packets/sec
PauseReceived-Rate-3rd : 0 packets/sec

Common Errors



The common flow control function is not disabled. As a result, PFC fails to be enabled.



A port is not set to trust the CoS values.



Prioritieswith thePFC function enabled are mapped toaTCthat contains any other priorities (including priorities withthe PFC
function enabled).

1.4.1.1 Configuring the PFC Deadlock Detection Function
Configuration Effect



If the PFC deadlock detection is enabled for a PFC priority on a port and deadlock is detected, allow packets to pass or discard
packets within a period of time as per the configured policy.



If the PFC deadlock threshold function is enabled for a PFC priority and it is detected that the number of deadlock times reaches
the threshold, disable the PFC function of the PFC priority.

Notes



The prerequisite for the PFC deadlock detection function to take effect for a priority is that the PFC function must be enabled for
the priority.



The prerequisite for the PFC deadlock threshold function to take effect for a priority is that the PFC deadlock detection function
is configured for the priority.



Modifying PFC deadlock time precision will affect the detection time and packet processing time of the configured PFC
deadlock detection function.
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Disabling the PFC deadlock detection function for a priority will delete the configuration of the PFC deadlock threshold function
of the priority.



Disabling the global PFC deadlock detection function or PFC function for a priority will delete the configuration of the PFC
deadlock detection function for the priority on all interfaces.

Configuration Steps



Enabling the PFC Deadlock Detection Function



The PFC deadlock detection function is disabled for all priorities on all interfaces by default. Configure the global PFC deadlock
detection function for a priority and set attribute parameters (use default parameter values if no parameter is configured), and
then enable the PFC deadlock detection function for the relevant priority on a specified interface.



Enabling the PFC Deadlock Threshold Function



The PFC deadlock threshold function is disabled for all priorities by default.

The PFC deadlock threshold function can be

enabled for a priority, for which the PFC deadlock detection function has been enabled. The threshold can be globally
configured.
Verification



Checking the Configuration of the PFC Deadlock Detection Function and Threshold Function



Run the show priority-flow-control deadlock status command to display the configuration of the PFC deadlock detection
function and threshold function, and check whether the functions are enabled, configured parameter values, and the interfaces
and priorities for which the PFC deadlock detection function is enabled.

Command

show priority-flow-control deadlock status

Parameter

N/A

Description
Command

Privileged EXEC mode, global configuration mode, and interface configuration mode

Mode
Usage Guide

Check the configuration and enabling status of the PFC deadlock function.
FS#show priority-flow-control deadlock status
Global PFC Deadlock: 1-2
Time Precision: Low<100ms>
Packet Dispose: Forward
Limit Cos-value: off
Limit Period: 5
Limit Frequency: 10
Priority Attribute:
Cos-value Detect-time Recover-time
------------- --------------- --------------1

1

10

2

15

20

Interface Enable:
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Hu0/1

1-2

Hu0/2

2

Limit Log(Close PFC Log):
Interface

Cos-valueFrequency Time

------------

------------- --------------- ------------------------------

Hu0/1

1

Hu0/12

20

2017 12-15 11:00:00

Hu0/11

20

2017 12-15 12:00:00

Hu0/12

20

Hu0/11

20

Hu0/1

2

Hu0/11

20

Hu0/1

2

Hu0/11

20

Hu0/1

2

20

2017-12-15 11:00:00

2017 12-15 12:00:00
2017 12-15 13:00:00
20

2017 12-15 13:00:00

2017 12-15 14:00:00
20

2017 12-15 14:00:00

2017 12-15 15:00:00
20

2017 12-15 15:00:00

Field description:
Field

Description

Global PFC Deadlock

Priority value configured for the PFC deadlock function

Time Precision

PFC deadlock time precision. High precision (100ms) is configured by default.

Packet Dispose

Packet processing mode in the PFC deadlock state. The value is Forward in t
preceding example.

Limit Cos-value

Priority value configured for the PFC deadlock threshold

Limit Period

Detection period set for the PFC deadlock threshold

Limit Frequency

PFC deadlock threshold

Priority Attribute

PFC deadlock priority attributes (cos-value, detection time, and recovery time)

Interface Enable
Limit Log

Interface on which the PFC deadlock function is enabled and priority informati
(interface name and enabling priority)
PFC deadlock threshold log (recording the historical disabling of the PFC functi
resulted from that the number of PFC deadlock events exceeds the threshold)

Interface

Interface on which the number of PFC deadlock events exceeds the threshold

Cos-value

Priority for which the number of PFC deadlock events exceeds the threshold

Frequency

Number of PFC deadlock events that occur in a period

Time

Time at which the number of PFC deadlock events exceeds the threshold

Related Commands



Configuring Attributes of the PFC Deadlock Detection Function for a PFC Priority

Command

priority-flow-control deadlock cos-value cos-value-list [detect detect-time recover recover-time [continue | backoff
most-times] ]

Parameter

cos-value-list: Indicates the priority list. The priority ranges from 0 to 7.

Description

detect-time: Indicates the deadlock detection time in time slices. The value ranges from 1 to 15. The default value is
15.
recover-time: Indicates the deadlock recovery time in milliseconds. The value ranges from 10 to 3000. The default
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value is 150.
continue: Indicates the continue algorithm used to calculate the deadlock recover-time.
backoff most-times: Indicates the backoff algorithm used to calculate the deadlock recover-time. most-times
indicates the maximum number of backoff times. The value ranges from 2 to 100.
Command

Global configuration mode

Mode
Usage Guide

1. The PFC deadlock detection function detects whether an interface at a PFC priority enters the PFC deadlock state.
When it is detected that the interface enters the PFC deadlock state, the interface forwards or discards received
packets within a period of time. You can run the priority-flow-control deadlock drop command to configure the
packet processing mode.
2. Youcan use this command to configure attributes of the PFC deadlock detection function for PFC priorities.
3. detect-time: Indicatesthetimefordetermining whetheraninterfaceat aPFCpriorityenters thePFCdeadlockstate.
Whenthe interface stays in the PFC congested state inconsecutive detect-time periods, it indicates that the interface
enters the PFC deadlock state.
4. recover-time: Indicates the allowed packet processing time after an interface at a PFC priority enters the PFC
deadlock state.
5. detect-time is in unit of time slice. You can run the priority-flow-control deadlock precision low command to
configure the length of one time slice. recover-time is in unit of milliseconds.
6. continue: Indicates that an interface of the priority in the deadlock state continues in this state for one
recover-time period if it receives PFC PAUSE frames. The interface checks whether it receives PFC PAUSE frames in the
next recover-time period. If the interface still receives such frames, it continues to be in the deadlock state for another
recover-time period. The process repeats till the interface does not receive PFC PAUSE frames within the recover-time
period and then the interface exits the deadlock state.
7. most-times:indicates the maximum number of recover-timebackoff times . If an interface enters the deadlock state
within the backoff period (recover-time x most-times) after it recovers from the first deadlock, the backoff time needs
to be added to the recover-time (Backoff time = Number of backoff times x recover-time). If the interval between two
deadlock states exceeds the backoff period, the number of backoff times is reset to zero. Otherwise, the number of
backoff times increases by 1 (if the number of backoff times already reaches the maximum number of backoff times,
the maximum number of backoff times, that is, most-times, is used.)
8. If neither continue nor backoff is configured, the deadlock recover-time algorithm is disabled. After the deadlock
recover-time ends, the interface directly exits the deadlock state.



Enabling the PFC Deadlock Detection Function for a Priority of an Interface

Command

priority-flow-control deadlock cos-value cos-value-list enable

Parameter

cos-value-list: Indicates the configured priority list. The priority ranges from 0 to 7.

Description
Command

Interface configuration mode

Mode
Usage Guide

1. When the priority-flow-control deadlock cos-value detect recover command is not executed to globally
configure the PFC deadlock detection function for a priority, the PFC deadlock detection function cannot be enabled
on interfaces for the priority.
2. Likewise, if the priority-flow-control deadlock cos-value detect recover command, the PFC deadlock detection
function will be disabled on all interfaces for the priority.



Configuring the Function of Discarding Packets in the PFC Deadlock State
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Command

priority-flow-control deadlock drop

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

If this command is not configured, an interface at a PFC priority forwards packets after entering the PFC deadlock
state.
If thiscommand isconfigured, an interface at aPFC priority discards packets after entering the PFC deadlock state.



Setting the PFC Deadlock Time Precision to Low

Command

priority-flow-control deadlock precision low

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

1. This command is used to configure the length of a single deadlock time slice. It affects the detect time unit in the
priority-flow-control deadlock cos-value cos-value-list detect detect-time recover recover-time command.
2. When this command is not configured, the PFC deadlock time precision is high (one time slice equals 10ms). After
this command is configured, the PFC deadlock time precision is low (one time slice equals 100ms).
3. After the PFC deadlock function is configured for a priority, configuring this command will modify the time
precision of the PFC deadlock function for the priority.



Enabling the PFC Deadlock Threshold Function for a Priority

Command

priority-flow-control deadlock limit cos-value cos-value-list enable

Parameter

N/A

Description
Command

Global configuration mode

Mode
Usage Guide

1. This command is not configured by default. Configuring this command will enable the PFC deadlock threshold
function for the PFC priority corresponding to cos-value-list. If the number of deadlock times occurring for a
priority within one detection period (1 minute by default) reaches the threshold (10 times by default), the PFC
function is disabled for the priority via the priority-flow-control nodrop cos-value-list off command.
2.

This command relies on the configuration of the priority-flow-control deadlock cos-value cos-value-list detect
detect-time recover recover-time command. This command can be configured only after the command for
configuring attributes of the PFC deadlock detection function is configured for a priority. Likewise, if the
command for configuring attributes of the PFC deadlock detection function is deleted for a priority, the PFC
deadlock threshold command of the priority is also deleted.

3. Youcan run the priority-flow-control deadlock limit frequency number period time command to configure the
detection period and deadlock threshold.



Configuring the PFC Deadlock Threshold and Detection Period

Command

priority-flow-control deadlock limit frequency number period time

Parameter

N/A

Description
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Command

Global configuration mode

Mode
Usage Guide

This command modifies the PFC deadlock threshold and detection period. When the priority-flow-control
deadlock limit cos-value cos-value-list enable command is executed to enable the PFC deadlock threshold function
for a PFC priority, the PFC deadlock threshold and detection period configured using this command are applied.

Configuration Example



Enabling the PFC Deadlock Detection Function and Deadlock Threshold Function for Priority 3

Scenario
Figure 1-7

Configuration



Set PFC IEEE 802.1p priority to 3 on the server.

Steps



Enable the PFC function for Priority 3 on the switch.

A

FS(config)# priority-flow-control nodrop 3 on



Set attributes of the PFC deadlock detection function for Priority 3 on the switch: Set the detection time to 5
time slices, recovery time to 20ms, and time precision to low.

FS(config)# priority-flow-control deadlock cos-value 3 detect 5 recover 20
FS(config)# priority-flow-control deadlock precision low



Enablethe PFCdeadlock detection function for Priority3 onInterfaceHu0/1 of theswitch.

FS(config)#interface hundredGigabitEthernet 0/1
FS(config-if-HundredGigabitEthernet 0/1)#priority-flow-control deadlock cos-value 3 enable



Enable the PFC deadlock threshold function for Priority 3, set the detection time to 5 minutes, and threshold to
100 times.

FS(config-if-HundredGigabitEthernet 0/1)#exit
FS(config)#priority-flow-controldeadlocklimitfrequency100period5
FS(config)# priority-flow-control deadlock limit cos-value 3 enable
Verification

Check the displayed configuration.

A

FS# show priority-flow-control deadlock status
Global PFC Deadlock: 3
Time precision: Low<100ms>
Packet dispose: Forward
Limit cos-value: 3
Limit period: 5
Limit frequency: 100
Priority attribute:
cos-value detect-time recover-time
------------- --------------- ---------------3

5

20

Interface Enable:
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interface

cos-value

------------

----------

Hu0/1

3

Limit Log(Close PFC Log):
Interface

Cos-valueFrequency Time

------------

---------------------------- ------------------------------

Common Errors



The PFC deadlock detection function is enabled on an interface without globally configuring the PFC deadlock detection
function for a priority or globally enabling the PFC function for a priority in advance.



The PFC deadlock threshold function is configured without globally configuring attributes of the PFC deadlock detection
function for apriority.

1.4.2 ConfiguringBasic Functions oftheDCBX

Configuration Effect



Discover peer DCB capabilities.



Check whether DCB capabilities configured for both ends are the same.



Automatically negotiate and configure DCB.

Notes



The DCB capability negotiation function can take effect on interfaces only after the following requirements are met: the LLDP
function is enabled in global configuration mode and interface configuration mode; the LLDP working mode of the interfaces is
set to txrx; the TLV of corresponding DCB capability can be released; and corresponding DCB capability is supported. If the
requirements are not met, the DCBX function will not take effect even if it is enabled on the interfaces.



When configuring AP ports, make sure that the LLDP of different AP member ports is set to the same value, the AP port
topology is correctly set, and the DCBX TLV released for different AP member ports is the same. Otherwise, abnormalities occur
when DCB capabilities are negotiated on the AP ports at both ends.

Configuration Steps



Enabling DCBX



The global and interface DCBX function is enabled by default.



EnableDCBX inglobal or interfaceconfiguration mode tolaunchthe DCBcapability negotiationof theinterface.Disablingthe
global DCBX functionwilldisabletheDCBcapabilitynegotiationofall interfaces.The DCBXfunctionruns onphysical portsor
AP ports, and it is not applicable to stacking ports or VSL ports.



Configuring a DCBX mode



(Mandatory) Interfaces work in the automatic switch mode by default.



(Interfaceconfiguration mode)The DCBX function runs on physical ports or AP ports, and it is not applicable tostacking ports or
VSL ports.
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Configuring DCBX TLV types that can be released



(Mandatory) All types of DCBX TLV can be released on interfaces by default.



(Interfaceconfiguration mode)The DCBX function runs on physical ports or AP ports, and it is not applicable tostacking ports or
VSL ports.



Configuring synchronization willingness



Local end is unwilling to receive peer configuration by default. That is, the Willing parameter is not set.



DuringnegotiationofDCBcapabilitysynchronization,specifytheWillingparameterforlocalportstoreceivepeerconfiguration.
If local end is willing to receive peer configuration, configure the Willing parameter.

Verification



Check the display result.

Related Commands



Enabling DCBX

Command

dcbx enable

Parameter

N/A

Description
Command

Global configuration mode/Interface configuration mode

mode
Usage Guide

Disabling the global DCBX function will disable the DCB capability negotiation of all interfaces. AP ports negotiate DCB
capabilities based on AP member ports.



Configuring a DCBX mode

Command

dcbx mode { auto | cee | ieee }

Parameter

Interfaces work in the automatic switch mode by default.

Description

auto: Allows an interface to automatically switch a DCBX mode based on the received DCBX TLV type if an interface
works in the automatic switch mode and the default mode is CEE-DCBX.
cee: Disallows an interface to automatically switch a DCBX mode based on the received DCBX TLV type if an interface
works in CEE-DCBX mode.
ieee: Disallows an interface toautomatically switcha DCBX mode based on the received DCBX TLVtype if an interface
works in IEEE-DCBX mode.

Command

Interface configuration mode

mode
Usage Guide



AP ports negotiate DCB capabilities based on AP member ports.

Configuring DCBX TLV types that can be released

Command

dcbx { pfc | app-proto } advertise

Parameter

All types of DCBX TLV can be released on interfaces by default.

Description

pfc: Enables the DCBX TLV release function corresponding to the PFC capability.
app-proto: Enables the DCBX TLV release function corresponding to the APP capability.

Command

Interface configuration mode

mode
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Usage Guide

AP ports negotiate DCB capabilities based on AP member ports.
Types of DCBX TLV that can be released on AP ports will be applied to different AP member ports.



Configuring synchronization willingness

Command

dcbx { pfc | app-proto } willing enable

Parameter

pfc: Enables PFC capability synchronization willingness.

Description

app-proto: Enables APP capability synchronization willingness.

Command

Interface configuration mode

mode
Usage Guide

AP ports negotiate DCB capabilities based on AP member ports.
If the Willing parameter is set to the same value at both ends and the local and peer ports are willing to receive peer
configuration, the configuration on the port witha smaller MAC address prevails. If the local and peer ports are unwilling
to receive peer configuration, the same value of the Willing parameter indicates negotiation success; otherwise, it
indicates negotiation failure.
If DCB capabilities support only global configuration mode, they cannot be negotiated over DCBX. In this case, local
configurationprevails.For example, ifthePFC functionsupports only global configurationmode, eventhoughthelocal
PFC Willing bit is set to 1, the local port will not receive peer configuration. That is, the PFC capability cannot be
negotiated, and local PFC configuration prevails.

Configuration Example



Automatically configuring DCB

Scenario
Figure 1-8

Configuration



EnableLLDPinglobalconfigurationmodeandinterfaceconfigurationmode(defaultconfiguration).

Steps



Set the LLDP mode of an interface to txrx (default configuration).



Enable DCBX of an interface (default configuration).



Allow all types of DCBX TLV to be released on an interface (default configuration).

A

By default, switch A can instruct the server to automatically configure DCB, free users of manually configuring DCB.

Verification

Check the display result.

A

FS#show dcbx status interface GigabitEthernet 0/1
----------------------------------------------------------Port [GigabitEthernet 0/1]
----------------------------------------------------------Local managing configuration information and port link state:
PortstatusofDCBX

: Enable

Port mode of DCBX

: AUTO mode

Port activeofDCBX
PFCisallowedtoadvertise

: Yes

APPisallowed toadvertise

:Yes

PFC is willing to accept peer configuration
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APP iswilling toaccept peer configuration

: No

Port link state

:UP

Negotiated configuration information:
PFCnegotiatedresult

: usinglocal configuraiton

APPnegotiatedresult

:usinglocalconfiguration

Common Errors



The LLDP function is not enabled in global configuration mode or interface configuration mode.



The LLDP mode of an interface is not set to txrx.

1.5 Monitoring
Clearing
Running the clear commands may lose vital information and thus interrupt services.
Description

Command

Clears statistical information of PFC.

clear priority-flow-control statistics [ interface interface-name]

Clears the PFC deadlock statistics of an

clear priority-flow-control deadlock statistics [interface interface-name]

interface
Displaying
Description

Command

Displays global PFC configuration

show priority-flow-control status

information.
Displays PFC configuration and status

show priority-flow-control status[ interface interface-name]

information of a port.
Displays statistical information of PFC.

show priority-flow-control statistics [interface interface-name]

Displays thePFC deadlock statisticsof all

show priority-flow-control deadlock statistics [interface interface-name]

priorities of an interface.
Displays PFC deadlock configuration and show priority-flow-control status
enabling status.
Displays DCBX configuration information show dcbx status [ interface interface-name ]
and negotiation status of an interface.
Displays DCB configuration information

show dcbx information { pfc | app-proto } [ interface interface-name ]

and capability negotiation status at both
ends.
Debugging
System resources are occupied when debugging information is output. Therefore, disable the debugging switch immediately
after use.
Description

Command

Debugs the PFC deadlock function.

debug pfc deadlock

Debugs the PFC details.

debug pfc detail
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Debugs the PFC error.

debug pfc error

Debugs the PFC event.

debug pfc event

Debugs the PFC statistics.

debug pfc statistics

Debugs ETS events.

debug ets event

Debugs DCBX events.

debug dcbx event

Debugs DCBX and DCB capability

debug dcbx detail

submodule interaction.
Debugs error information during DCBX

debug dcbx error

running.
Debugs packet transmission and

debug dcbx pkt

receiving of DCBX.
Debugs change of the DCBX status

debug dcbx stm

machine.
Debugs hot standby information of DCBX.

debug dcbx ha

Debugs the DCB library.

debug dcb-lib

2 Configuring VXLAN
2.1 Overview
Virtual Extensible Local Area Network (VXLAN) is a virtual Ethernet based on the physical IP (overlay) network. It is a technology that
encapsulates layer 2 (L2) Ethernet frames within layer 3 User Datagram Protocol (UDP) packets.
VXLANhas a24-bitVXLANnetworkidentifier(VNI).Itallowsuserstocreateupto16,000,000 isolatedvirtualnetworkstomeetthe
requirements of multi-tenant environments and scale expansion, far surpassing the widely used Virtual Local Area Network (VLAN)
technology that is limited to 4,000 isolated networks. VXLAN uses the IP multicast method to encapsulate multicast, broadcast, and
unknown unicast packets, effectively controlling the broadcast domain in multi-tenant environments.
With the transformation of data centers, more and more virtual machines are deployed. In addition, as virtual machines must be
migrated in L2 environments, scales of L2 networks increase. VXLAN can extend L2 networks over layer 3 (L3) networks, so that virtual
machines can be moved to L3 networks interconnected to L2 networks without changing the IP addresses and MAC addresses,
thereby ensuring service continuity.
Protocols and Standards



RFC7348: Virtual eXtensible Local Area Network (VXLAN) -- A Framework for Overlaying Virtualized Layer 2 Networks over Layer
3 Networks

2.2 Applications
Application

Description

EVPN-based Multi-tenant Centralized

Applicable tothe centralized deployment scenario with Ethernet virtual private network (EVPN)

Deployment

enabled.

EVPN-based Multi-tenant Distributed

Applicable to the distributed deployment scenario with EVPN enabled.

Deployment
EVPN-based Single-tenant VXLAN

Applicable to the VXLAN routing deployment scenario with a single tenant.

Routing Deployment
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EVPN-based Multi-tenant VXLAN Route Applicable to the VXLAN route deployment scenario with multiple tenants.
Deployment
SDN Controller–based Centralized

Applicable to the scenario for deploying all-active anycast gateways based on the

All-active Anycast Gateway Deployment

software-defined networking (SDN) controller in a centralized manner data centers.

Deployment of an EVPN Distributed

Applicable to the deployment scenario in which dynamic and static tunnels coexist.

Network to Be Compatible with
Non-EVPNVTEP Devices
DeploymentofL2SubinterfacestoAccess ApplicabletothedeploymentscenarioinwhichhostsaccessVXLANsthroughL2subinterfaces.
a VXLAN
VNI Mapping–based Data Center

Applicable to the scenario inwhich VXLANs across different data centers are interconnected

Interconnection Deployment

using the VNI mapping technology.

2.2.1 EVPN-based Multi-tenant Centralized Deployment

Scenario
VPNrouting and forwarding (VRF) networksare usually allocated to different tenants tosupport the multi-tenant application ina data
center.MultipleVXLANscanbeassignedtoeachtenant.VXLANsofthesametenantcanbemutuallyaccessedthroughtheL3router,
while VXLANs of different tenants cannot be mutually accessed, as shown in Figure 2-1.
TenantA rentsVRF-10, whichincludesVXLAN10 andVXLAN 20.Servers HOST-1 and HOST-2belong toVXLAN10 and Servers HOST-3
and HOST-4 belong to VXLAN 20.
TenantBrentsVRF-20, whichincludesVXLAN 100. Servers HOST-5and HOST-6belong toVXLAN 100.
The networks of Tenant A and Tenant B are isolated from each other.
The entire network is formed by a Border Gateway Protocol (BGP) network and includes CORE and TOR switches. The BGP neighbor
relationshipis formedbetween every two devicesand the BGP-EVPN protocol familyissupported. AllVXLAN gateways on the
network are deployed in the core switches in a centralized manner.
Figure 2- 1
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Packets between HOST-1 and HOST-2 are forwarded through TOR-1 at L2 within the VXLAN.



Packets between HOST-3 and HOST-4 are forwarded through TOR-1 > CORE > TOR-2 at L2 within the VXLAN.



Packets between HOST-5 and HOST-6 are forwarded through TOR-2 at L2 within the VXLAN.



Packets between VXLAN 10 and VXLAN 20 are forwarded through TOR-1 > CORE > TOR-2 at L3 across the VXLANs.



VRF-10 and VRF-20 cannot communicate with each other.

Remarks:

CORE indicates a core switch that supports the VXLAN function.
When centralized all-active anycast gateways are deployed, multiple core gateways exist and the VXLAN gateways deployed
on the core gateways are the same.
TOR1 and TOR2 are access switches that support the VXLAN function.
HOST-1, HOST-2, HOST-3, HOST-4, HOST-5, and HOST-6 are servers in the data center.

Deployment



Configure an Internet Protocol version 4 (IPv4) unicast routing protocol, for example, the Open Shortest Path First (OSPF)
protocol, on the switches to ensure that unicast routes are reachable.



Configure the BGP routing protocol (supporting EVPN) on the switches to establish neighbor relationships between each other.



Deploy the VXLAN gateway on the core switches.



Deploy the VXLAN bridge on the TOR switches.

2.2.2 EVPN-based Multi-tenant Distributed Deployment

Scenario
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TheEVPN-basedmulti-tenantdistributeddeploymentappliestodatacenternetworksthatsupportmultipletenants.Thedifference
between thisdeployment and the EVPN-based multi-tenant centralized deployment described in section 2.2.1 lies in that: On the
distributed deployment network, gateways are deployed on the TOR switches, as shown in Figure 2-2.
TenantA rents VRF-10, which includes VXLAN 10 and VXLAN 20.
Tenant B rents VRF-20, which includes VXLAN 100.
The networks of Tenant A and Tenant B are isolated from each other.
The entire network is formed by a BGP network and includes CORE and TOR switches. The BGP neighbor relationship is formed
between every two devices and the BGP-EVPN protocol family is supported.
VXLAN gateways are deployed on TOR switches on the network. Anycast gateways can be deployed so that the IP addresses and MAC
addresses of all gateways on the network are kept consistent. In this way, the gateway configuration does not need to be modified no
matter which TOR switch a virtual machine of a customer is migrated to.
VXLANs are unnecessarily deployed on the core switches.
ARP suppression can be configured on TOR switches to curb flooding of ARP packets, and the TOR switches respond to ARP requests
from hosts as a proxy.
The ARP proxy function can be enabled on the TOR switches for all or some VXLANs. In this way, L2 traffic in VXLANs is isolated and
server communication traffic in the same VXLAN is forwarded at L3 rather than at L2.
ND suppression can be configured on TOR switches to curb flooding of IPv6 ND protocol packets, and the TOR switches respond to
IPv6 NS multicast packets from hosts as a proxy.
Figure 2- 2



Packets between HOST-1 and HOST-4 are forwarded through TOR-1 > TOR-2 at L2 within the VXLAN.
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Packets between HOST-1 and HOST-2 are forwarded through TOR-1 at L3 across the VXLANs.



Packets between HOST-1 and HOST-5 are forwarded through TOR-1 > TOR-2 at L3 across the VXLANs.



VRF-10 and VRF-20 cannot communicate with each other.



If the ARP proxy function is configured on VXLAN 10, packets between HOST-1 and HOST-4 are forwarded through TOR-1 >
TOR-2 at L3 within the VXLAN.

Remarks:

CORE indicates a core switch that supports the BGP-EVPN function.
TOR1 and TOR2 are access switches that support the VXLAN function.
HOST-1, HOST-2, HOST-3, HOST-4, HOST-5, and HOST-6 are servers in the data center.

Deployment



ConfigureanIPv4unicastroutingprotocol,forexample,theOSPFprotocol,ontheswitchestoensurethatunicastroutesare
reachable.



Configure the BGP routing protocol (supporting EVPN) on the switches to establish neighbor relationships between each other.



Deploy the VXLAN bridge on the core switches if required.



Deploy the VXLAN gateway on the TOR switches.



(Optional) Deploy ARP suppression on the TOR switches.



(Optional) Deploy ARP proxy on the TOR switches.



(Optional) Deploy IPv6 ND suppressionon the TOR switches.



(Optional) Deploy the EVPN protocol packet control function on the TOR switches to reduce the traffic of EVPN packets.

2.2.3 EVPN-based Single-tenant VXLAN Routing Deployment

Scenario
Single-tenant VXLAN route deployment is shown in Figure 2-3.
In this scenario, only the VRF-10 is deployed, which includes VXLAN 10 and VXLAN 20.
The border devices are connected to the external network. These devices are deployed in VRF-10 (including VXLAN 90) and
interconnect with the external network at L3 via the overlay router interface.
The entire network is formed by a BGP network and includes TOR and border devices. The BGP neighbor relationship is formed
between every two devices (except between Border-1 and Border-2) and the BGP-EVPN protocol family is supported.
The TOR and border devices must use a symmetric VXLAN (VXLAN 100) for interconnection with each other. The border devices
import network routes to the TOR switches through the symmetric VXLAN.
VXLAN gateways are deployed on TOR switches on the network. Anycast gateways can be deployed so that the IP addresses and MAC
addresses of all gateways on the network are kept consistent. In this way, the gateway configuration does not need to be modified no
matter which TOR switch a virtual machine of a customer is migrated to.
Figure 2-3
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Packets between HOST-1 and HOST-3 are forwarded through TOR-1 > TOR-2 at L2 within the VXLAN.



Packets between HOST-1 and HOST-2 are forwarded through TOR-1 at L3 across the VXLANs.



To access the external network, HOST-1 forwards packets to the border device through TOR1 at L3 across the VXLANs, and then
the border device forwards the packets to the external network at L3.

Deployment



ConfigureanIPv4unicastroutingprotocol,forexample,theOSPFprotocol,ontheswitchestoensurethatunicastroutesare
reachable.



ConfiguretheBGProutingprotocol(supportingEVPN)ontheswitchestoestablishneighborrelationshipsbetweeneachother
(except between the border devices).



Deploy the VXLAN on the border devices for L3 interconnection with the external network.



Deploy the VXLAN gateway on the TOR switches.

2.2.4 EVPN-based Multi-tenant VXLAN Route Deployment

Scenario
VRF networks are usually allocated to different tenants to support the multi-tenant application in a data center. Multiple VXLANs can
be assigned to each tenant. VXLANs of the same tenant can be mutually accessed through the L3 router, while VXLANs of different
tenants cannot be mutually accessed, as shown in Figure 2-4.
TenantA rents VRF-10, which includes VXLAN 10 and VXLAN 20.
Tenant B rents VRF-20, which includes VXLAN 30.
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The border devices are connected to the external network. These devices are deployed in VRF-30 (including VXLAN 90) and
interconnect with the external network at L3 via the overlay router interface.
The networks of Tenant A and Tenant B are isolated from each other.
The entire network is formed by a BGP network and includes TOR and border devices. The BGP neighbor relationship is formed
between every two devices (except between Border-1 and Border-2) and the BGP-EVPN protocol family is supported
The TOR and border devices must use a symmetric VXLAN (VXLAN 100 and VXLAN200) for interconnection with each other. The
border devices import network routes to the TOR switches through the symmetric VXLAN.
VXLAN gateways are deployed on TOR switches on the network. Anycast gateways can be deployed so that the IP addresses and MAC
addresses of all gateways on the network are kept consistent. In this way, the gateway configuration does not need to be modified no
matter which TOR switch a virtual machine of a customer is migrated to.
Figure 2-4



Packets between HOST-1 and HOST-4 are forwarded through TOR-1 > TOR-2 at L2 within the VXLAN.



Packets between HOST-1 and HOST-2 are forwarded through TOR-1 at L3 across the VXLANs.



To access the external network, HOST-1 forwards packets to the border device through TOR1 at L3 across the VXLANs, and then
the border device forwards the packets to the external network at L3.

Deployment



ConfigureanIPv4unicastroutingprotocol,forexample,theOSPFprotocol,ontheswitchestoensurethatunicastroutesare
reachable.



ConfiguretheBGProutingprotocol(supportingEVPN)ontheswitchestoestablishneighborrelationshipsbetweeneachother
(except between the border devices).



Deploy the VXLAN on the border devices for L3 interconnection with the external network.

www.fs.com

2499

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE



Deploy the VXLAN gateway on the TOR switches.

2.2.5 SDN Controller–based Centralized All-active Anycast Gateway Deployment

Scenario
SND controller–based centralized all-active anycast gateway deployment applies to data center networks that support the control of
an SND controller, as shown in Figure 2-5.
1.

VXLAN overlay network topology:
In this scenario, the VXLAN overlay network is a two-layer structure including a core layer and an access layer.

1)

TOR switches serve as VXLAN bridges to directly connect to servers (virtual machines).

2)

Core switches serve as VXLAN gateways. Multiple all-active VXLAN physical gateways are deployed in a centralized manner. The
physical gateways are in the all-active state. The anycast function is deployed on each physical gateway and the same IP address
andMACaddressareconfiguredonallgateways toformalogicalgateway.The faultofanyparticularphysicalgatewaydoesnot
affect the normal operation of the logical gateway.

3)

Virtual tunnel end points (VTEPs), including VXLAN bridges and VXLAN gateways, interconnect with each other through the L3
underlay network.

4)

At the underlay layer, an L3 network connection is established between each TOR switch and each physical gateway. However, all
physical gateways are virtualized intoone logical gatewayVTEP to communicatewith theexternal network. Only oneVXLAN
tunnelisestablishedbetween aTORswitchand thelogical gatewayVTEP.Trafficon thetunnel isbalancedtomultiplephysical
gateways via the equal-cost multi-path routing (ECMP).

5)

No VXLAN tunnel or direct physical link is established between physical gateways.

6)

On the server (virtual machine), only one logical gateway is visible.

7)

VRF networks are allocated to multiple tenants. Networks of tenants are isolated from each other.

2.

SDN controller management:

On the network, the administrator can configure the overlay network topology through the SDN controller and deliver the
configurationstoVTEPs.The administratorcanalsomonitor thestatusoftheoverlaytopologyand networktrafficthrough theSDN
controller.
In addition, the administrator can manage the servers (virtual machines) on the entire network through the cloud management
platform.TheSDNcontrollercanassociatewiththecloudmanagement platformtoacquiretheconfigurationinformation(suchasIP
address and MAC address) of the virtual machine and deliver the configuration information to VTEPs. After the information is
delivered, VXLAN forwarding entries are generated and synchronized on VTEPs.
3.

VXLAN device automatic-learning capability

VTEPs can automatically learn the MAC address and the ARP routing table of the host if required, which can be used as an emergency
solution for the case that the SDN controller fails. The automatic-learning function can be enabled according to the actual
deployment.
Figure 2-5
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Deployment



Deploy the VXLAN bridging function on TOR switches and the VXLAN gateway function on the core switches.



Configure an IPv4 unicast routing protocol, for example, the OSPF protocol, on all VTEPs (including the TOR and core switches)
to ensure that unicast routes are reachable.



On the core gateways, assign the gateway anycast IP addresses to different routing domains to avoid IP conflicts.

2.2.6 Deployment of an EVPN Distributed Network to Be Compatible with Non-EVPN VTEP Devices

Scenario
In a data center where an EVPN-based multi-tenant distributed network is deployed, one VTEP device that does not support the
BGP-EVPN protocol (for example, a virtual switch supporting the VXLAN protocol) is connected. See the figure below.
BGP isdeployed ontheTOR and CORE switches.They mutually establishBGP neighbor relationships and support theEVPN routing
protocol.
The VXLAN anycast gateways are deployed on the TOR switches and network-wide gateways share the same IP address and MAC
address.TOR switchesaredirectly connectedtoservers (virtual machines) and coreswitchesare connected toexternal networks.
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VXLANs do not need to be deployed on the core switches.
ARP suppression can be configured on TOR switches to curb flooding of ARP packets, and the TOR switches respond to ARP requests
from hosts as a proxy.
The ARP proxy function can be enabled on the TOR switches for all or some VXLANs. In this way, L2 traffic in VXLANs is isolated and
server communication traffic in the same VXLAN is forwarded at L3 rather than at L2.
ND suppression can be configured on TOR switches to curb flooding of IPv6 ND protocol packets, and the TOR switches respond to
IPv6 NS multicast packets from hosts as a proxy.
When the device does not support the data center interconnection tunnel function, BGP-EVEN can be configured on VTEP-1 and all
VTEP devices on the network so that VTEP-1 establishVXLAN tunnels withother VTEP devices, thereby forming a full mesh network.
The figure below shows the topology.
Figure 2- 6

Note: Blue lines in the figure indicate the VXLAN tunnels that the manually configured VTEP-1 establishes with other VTEPs.
Deployment



Configure an IPv4 unicast routing protocol (such as OSPF) on switches to ensure that unicast routes are reachable.



Configure the BGP routing protocol (supporting EVPN) on the TOR and core switches so that the switches establish neighbor
relationships mutually.



Deploy the VXLAN gateway on the TOR switches and the VXLAN bridge on VTEPs.



Configure core switches to interconnect to external networks at L3.



(Optional) Deploy ARP suppression on the TOR switches.



(Optional) Deploy ARP proxy on the TOR switches.



(Optional) Deploy IPv6 ND suppression on the TOR switches.
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2.2.7 Deployment of L2 Subinterfaces to Access a VXLAN

Scenario
A server can access a VXLAN through an L2 subinterface and the access using other subinterfaces is not affected.
Figure 2-7



On the TOR, configure the VLAN or untagged access mode for subinterfaces and configure a VXLAN instance (that is, gateway).

Deployment



Complete the function configuration on virtual machines on virtual servers as well as on the physical server.



Createan L2subinterfaceontheTORswitch, configureVXLAN encapsulation andVLAN oruntaggedencapsulation rulefor the
subinterface.



Create an overlay router interface on the TOR switch and configure the VXLAN gateway IP address.



Configure the VXLAN instance to associate with the overlay router interface on the TOR switch to implement VXLAN routing.

2.3 Features
Basic Concepts



VXLAN Packet Format

A VXLAN encapsulates the Ethernet frames into UDP packets and transmits them on the IP core network.
The VXLAN defines a VTEP entity, which encapsulates the data generated by the virtual machine into the UDP headers, and sends the
dataout. Aftertheencapsulation,theMACaddressandVLAN informationofthevirtual machinenolongerservesasthebasisfordata
forwarding.
The VTEP entity can be software, a hardware server, or other device. If the VTEP function is directly integrated into a hypervisor (also
called virtual machine monitor), all virtual machine traffic is marked with new VXLAN tags and UDP headers before entering the
switch. This is equivalent to creating a tunnel between any two virtual machines.
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AstheVLAN information of the virtual machine is externally invisible, a newVXLAN label (VNI)is added. VNIs replaceVLANs to
represent different VXLAN segments. Same as the forwarding behavior of VLANs, only the virtual machines with the same VNI in the
same VXLAN segment can communicate with each other.
The new UDP header and VNI form a new frame structure. After receiving the data frame sent from the virtual machine, a VTEP
encapsulates four elements (which are the VXLAN header, outer UDP header, outer IPv4 header, and outer Ethernet frame header from
insideout) toformanew frameheader.Inthenew frameheader,theoriginal sourceanddestinationMACaddresses,innerVLANtag,
and Ethernet type that are carried by the inner data frame remain the same.
The format of an encapsulated VXLAN frame is as follows:
Figure 2-8

2.3.1 Packet Format



VXLAN Header Information

Figure 2-9
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AVXLANheader has 64bits.Inthe designofthecurrent protocolversion, thesolepurposeofaVXLANheader istocarrythe24-bit VNI
assigned by the VTEP.



Flag (8 bits): The I bit must be set to 1 to indicate a valid VNI, and the R bit must be set to 0.



VXLANsegmentID/VNI:Includes24bitsandindicatestheVXLANnetworkidentifier.Onlythevirtualmachinesthatbelongto
the same VXLAN can communicate with each other.



Reserved: The 24th bit and 8th bit are reserved, and are set to 0.



Outer UDP Header

Figure 2-10

The definitions of the fields of the UDP header are as follows:



SourcePort:IndicatesthesourceportIDoftheUDPpacket.AssignedbytheVTEP,thesourceportIDistheresultofthehash
operation of the L2 header of the data frame. This hash result can serve as the basis for traffic load balancing.



Dest Port: Indicates the destination port ID. The port ID assigned by the Internet Assigned Numbers Authority (IANA) is 4789.



UDP Length: Indicates the length of the UDP header.



UDP Checksum: Indicates the UDP checksum, which is set to 0 for transmission.



Outer IP Header

Figure 2-11
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The definitions of the fields of the outer IP header are as follows:



Source IPv4 Address: Identifies the IP address of the VTEP that corresponds to the virtual machine.



Destination IPv4 Address: Indicates the unicast or multicast IP address. If it is a unicast IP address, it indicates the IP address of
the VTEP corresponding to the virtual machine to be communicated with.

The IPaddress of the outer IP header is no longer the address of the virtual machines of both communication parties, but the address
oftheVTEPsat both ends of the tunnel.Ifthe hypervisordirectlytakesoverthe work of theVTEP,the IPaddress istheIPaddressof the
NIC of the server that runs the hypervisor. If the VTEP is an access switch, the IP address is the IP address of an egress interface or the IP
address of an L3 switch virtual interface (SVI).



Outer Ethernet Header

Figure 2-12

The definitions of the fields of the outer Ethernet header are as follows:



Destination MAC address: Next-hop MAC address directed to the IP address of the destination VTEP.



Source MAC address: MAC address of the local VTEP.



VLAN tag: Optional.

2.3.2 Forwarding Model



VXLANBridgingPrinciple

VXLAN encapsulates Ethernet packets within UDP packets to transmit them on the IP network. On the receiver, the VXLAN packets are
decapsulated into Ethernet packets and then forwarded, as shown in Figure 2-13.
Figure 2-13
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Switch TOR1 receives the common Ethernet packet, and then encapsulates the packet into a VXLAN packet.



The VXLAN packet is forwarded in the IP core network. As shown in Figure 2-13, R forwards the VXLAN packet.



Switch TOR2 receives the VXLAN packet, and then decapsulates and forwards it at L2 of the LAN.

Overview
Feature

Description

VXLAN Bridging and

Encapsulates broadcast, multicast, and unknown unicast packets into IP multicast packets to realize flooding. The

Forwarding

well-known unicast packets are encapsulated and forwarded by searching the VXLAN address table for the MAC
address and IP address.



VXLAN RoutingPrinciple

VXLANs interconnect with each other through the VXLAN IP gateway, as shown in Figure 2-14.
Figure 2-14
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To implement cross-VXLAN communication, Server A first sends a packet to the IP gateway, which is deployed on TOR3.



The packet sent by Server A is encapsulated by TOR1 into a VXLAN packet and then sent to TOR3.



After receiving the VXLAN packet, TOR3 finds that the destination MAC address is the local MAC address and sends the packet to
TOR2 after VXLAN routing.



After receiving the packet from TOR3, TOR2 decapsulates the packet and sends it to Server B.

Overview
Feature

Description

VXLAN Routing and

Implementscross-VXLAN communicationand supportscommunicationbetweenaconventional IPnetworkand

Forwarding

a VXLAN. A VXLAN router can serve as a VXLAN IP gateway.

2.3.3 Forwarding Process

Working Principle
AS shown in Figure 2-15, three servers use a VXLAN to achieve L2 interconnection on the IP network. The VXLAN VNI
is 100.
Figure 2-15
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The VXLAN packet forwarding process is described by using an example in which Server A sends an Address Resolution Protocol (ARP)
request to Server B and Server B returns an ARP response.
Figure 2-16

Server A sends an ARP request, which is a broadcast packet. After receiving the ARP request, switch TOR1 floods the broadcast
packetintunnelheaderreplicationmode,encapsulatesitintotwounicastpackets,andsendsthemtoTOR2andTOR3through
tunnels. (Switch TOR1 floods the broadcast packet to all tunnels. The tunnel between TOR1 and TOR2, and tunnel between TOR1
and TOR3 are created. )
The IP core network forwards the multicast VXLAN packet.
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Figure 2-17

After receiving the VXLAN packet, TOR3 decapsulates the packet into an Ethernet packet and implements VXLAN address
learning (the VXLAN ID is 100, the MAC address is 0000.0000.0001, and the IP address is 192.168.1.100).
Figure 2-18
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After receiving the VXLAN packet, TOR2 decapsulates the packet into an Ethernet packet, implements address learning (the
VXLAN ID is 100, the MAC address is 0000.0000.0001, and the IP address is 192.168.1.100) and forwards the packet.Then, Server B
receives the ARP request packet and returns a response packet.
Figure 2-19

After receiving the ARP response packet from Server B, TOR2 searches the address table and finds that the destination IP address
is 192.168.1.100.Then,TOR2 encapsulates the packet into a unicastVXLAN packet (the outer source IP address is 192.168.2.100)
destined for the switch at 192.168.1.100.
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Figure 2-20

The IP core network forwards the VXLAN packet.

TOR1 receives the ARP response packet encapsulated in the VXLAN, decapsulates the packet into an Ethernet packet,
implements VXLAN address learning (the VXLAN ID is 100, the MAC address is 0000.0000.0002, and the IP address is
192.168.2.100), and forwards the packet. Then, Server A receives the ARP response packet.



Multicast VXLAN Packet Flooding

A VXLAN uses multicast packets to flood broadcast, multicast, and unknown unicast packets. After receiving an ARP request packet,
TOR1 encapsulates the packet into a multicast VXLAN packet and sends it toTOR2 and TOR3, as shown in Figure 2-21.
Figure 2-21
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VTEP Address Learning

As shown in Figure 2-21, in the process of using multicast packets to flood broadcast, multicast, and unknown unicast packets, TOR2
and TOR3 learn the VTEP information during decapsulation, and therefore establish neighbor relationships.
Related Configuration



Configuring VXLAN Type Instance

NoVXLAN instance is configured on the switches by default.
Run the vxlan vni-number command to create a VXLAN instance.



Configuring VLAN Associated with VXLAN Instance

Run the extend-vlan vlan-id command in VXLAN instance configuration mode to configure the associated VLAN.

2.4 Configuration
2.4.1 Configuring VXLANSDN

Configuration Effect



CreateaVXLAN instanceand associate itwiththe overlay routerinterfaceand overlay tunnel interface.Provide theVXLAN
routing (IP gateway) function to achieve cross-VXLAN communication. The VXLAN configurations can be delivered by the SDN
controller over communication mechanisms such as Network Configuration Protocol (NETCONF), or can be implemented by CLI
configuration.



ConfiguretheanycastgatewayandananycastMACaddresstoprovidecentralizedanycastall-activegatewayfunction.The
centralized anycast all-active gateways serve as one logical gateway (VTEP) to communicate with external devices and use the
same VTEP IP address. Only one tunnel is configured between each TOR bridge device and the logical gateway. Packets are
balanced to physical gateways via the underlay ECMP to achieve the gateway all-active function.



Enable the SDN controller to deliver the host routes and VXLAN forwarding flow table to the gateways and the gateways
generateroutes and entriesthrough automaticlearning.Youcan run theconfiguration commands toenable or disable the
automaticlearningfunctiononthegateways.WhentheSDNcontrollermalfunctions,theautomaticlearningfunctionensures
that the VXLAN works normally.

Notes



The VXLAN configurations can be delivered by the SDN controller over communication mechanisms such as NETCONF, or can be
implemented by CLI configuration. Only configuration delivery from the SDN controller is recommended in normal cases.



The VXLAN instances require support from existing unicast routes on the network. Therefore, an IPv4 unicast routing protocol,
for example, the OSPF protocol, must be configured on the network devices.



On the centralized anycast gateways, assign the gateway anycast IP addresses to different routing domains to avoid IP conflicts.

Configuration Steps



Creating VXLAN Instances



Mandatory.



Creating Overlay Router Interfaces



Mandatory for VXLAN gateways.
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Configuring Overlay Router Interfaces as Anycast



Mandatory for centralized anycast gateways.



Configuring Anycast MAC Address



Mandatory for centralized anycast gateways.



Configuring Overlay Tunnel



Mandatory.



Configuring Source and Destination IP Addresses for Overlay Tunnel



Mandatory.



Associating VXLAN Instance with Overlay Router Interface



Mandatory for gateways.



AssociatingVXLANInstancewithVLAN



Mandatory for TOR bridges.



Associating VXLAN Instance with Overlay Tunnel



Mandatory.



This is used to statically designate a VXLAN tunnel.



Configuring Storm Control of VXLAN Instances



Optional.



This function is required only when the storm rate needs to be limited based on VXLAN instances.



Configuring Static VXLAN MAC Address Table



Optional. The VXLAN MAC address table delivered by the SDN controller is represented as a static VXLAN MAC address table.



You can also configure the static VXLAN MAC address table via CLI configuration.



Configuring VXLAN UDP Destination Port



Optional.AstheVXLANUDPdestinationportusedbyearlydevicesmaynot bePort4789, youcanrunthiscommand toachieve
compatibility. In addition, you can also run this command to customize the VXLAN UDP destination port.



The VXLAN UDP destination port 4789 designated by IANA is used by default.



Enabling ARP Automatic Learning



Optional. ARP automatic learning is enabled by default.



AftertheARPautomaticlearningfunctionisenabled,thegateways canautomaticallylearntheAPR entrieswithout relyingon
the SDN control to deliver.



Enabling IPv6 ND Automatic Learning



Optional. IPv6 ND automatic learning is enabled by default.
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After the IPv6 NDautomatic learning function isenabled, the devicecan automatically learn the host ND entries, withno need
to thoroughly rely on ND entries delivered by the SDN controller.

Verification
After SDN-VXLAN is enabled, virtual machines can communicate with each other.



Run the show vxlan vni-number command to check whether the VXLAN devices can learn their mutual VTEP neighbor
relationships.



Run the show vxlan mac command to check whether the VXLAN MAC address is learned.



Run the show arp command to check whether all local/remote entries are learned. Run the show ip route command to check
whether the routes of VXLAN IP gateways are learned.



Runtheshowipv6neighborscommandtocheckwhetheralllocal/remoteIPv6NDentriesarelearned.Runtheshowipv6
route command to check whether the routes of the VXLAN IPv6 gateways are learned.



Run the show vxlan udp-port command to display the VXLAN UDP destination port.

Related Commands



Creating or Entering VXLAN Instances

Command

vxlan vni-number

Parameter

vni-number: Indicates the VNI. The value ranges from 1 to 16777215.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Associating VXLAN Instance with VLAN

Command

extend-vlan vlan-id-list

Parameter

vlan-id-list: Indicates the VLAN ID queue. The VLAN ID ranges from 1 to 4094.

Description
Command

VXLAN configuration mode

Mode
Usage Guide

Use this command to associate theVXLAN instance with the VLAN. After receiving the VLAN packet, the device will be
associated with the VLAN instance.



Creating Overlay Router Interfaces

Command

interface OverlayRouter port-id

Parameter

port-id: Indicates the ID of an overlay router interface. The ID ranges from 1 to 16,777,215.

Description
Command

Global configuration mode

Mode
Usage Guide



Similar to SVI in a VLAN, this interface serves as the VXLAN IP gateway in the VXLAN routing environment.

Configuring VRF Network for Overlay Router Interface

Command
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Parameter

vrf-name: Indicates the VRF network to which the overlay router interface belongs.

Description
Command

Overlay router interface configuration mode

Mode
Usage Guide

AllocateVRF networkstodifferentVXLANtenants.The trafficofVXLANinstances of differentVRFnetworksisisolated
from each other.



Configuring IP Address for Overlay Router Interface

Command

ip address ip-address mask

Parameter

ip-address: Indicates the IP address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Overlay router interface configuration mode

Mode
Usage Guide

SimilartotheIPaddressoftheSVIinaVLAN,thisIPaddressservesastheaddressoftheVXLANIPgatewayintheVXLAN
routing environment.



Configuring an IPv6 Address for the Overlay Router Interface

Command

ipv6 address ip-address mask

Parameter

ip-address: Indicates the IPv6 address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Overlay router interface configuration mode

Mode
Usage Guide

This IPv6 address serves as the VXLAN IPv6 gateway address in the VXLAN routing environment. It is similar to the IP
address of an SVI in a VLAN.



Configuring the Overlay Router Interface as an Anycast Interface

Command

anycast-gateway

Parameter

N/A

Description
Command

Overlay router interface configuration mode

Mode
Usage Guide



Configure the gateway as an anycast gateway.

Associating VXLAN Instance with Overlay Router Interface

Command

router-interface interface-name

Parameter

interface-name: Indicates the name of the overlay router interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide



Different VXLANs cannot be associated with the same overlay router interface.

Configuring Virtual MAC Address for Anycast Gateways

Command

fabric anycast-gateway-mac mac-addr

Parameter

mac-addr: Indicates the MAC address. The format is xxxx.xxxx.xxxx.

Description
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Command

Global configuration mode

Mode
Usage Guide

All gateways on which the anycast function is enabled use this MAC address as the gateway MAC address.
ThevirtualMACaddressforananycastgatewaymustnot bethesameasthelocalMACaddressorthesameastheMAC
address of any device on the overlay network.



Creating Overlay Tunnel Interfaces

Command

interface OverlayTunnel port-id

Parameter

port-id: Indicates the ID of the overlay tunnel interface. The ID ranges from 1 to 6144.

Description
Command

Global configuration mode

Mode
Usage Guide

This interface is used to statically create an overlay tunnel.Youcan run the tunnel-interface command to associate it
with a VXLAN.



Configuring Source IP Address for Tunnel of Overlay Tunnel Interface

Command

tunnel source ip-address

Parameter

ip-address: Indicates the source IP address of a tunnel.

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide

UsethiscommandtodesignateasourceIPaddressfortheoverlaytunnel.DesignatethisIPaddressastheoutersourceIP
address of a packet for encapsulation and forwarding.



Configuring Destination IP Address for Tunnel of Overlay Tunnel Interface

Command

tunnel destination ip-address

Parameter

ip-address: Indicates the destination IP address of a tunnel.

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide

Usethiscommand todesignate adestinationIPaddressfor theoverlay tunnel.Designate thisIPaddressas theouter
destinationIPaddressofapacketforencapsulationand forwarding.ThedestinationIPaddressofthetunnelisglobally
unique.Differentoverlaytunnelscannot beconfiguredwiththesamedestinationIPaddress.Otherwise,aconflictoccurs.



Associating VXLAN Instance with Overlay Tunnel Interface

Command

tunnel-interface interface-name

Parameter

interface-name: Indicates the name of the overlay tunnel interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide



Use this command to designate the VXLAN VTEP statically.

Configuring Storm Control of VXLAN Instances

Command
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Parameter

kbps-value: Indicates the rate limit value (unit: kbit/s).

Description

pps-value: Indicates the rate limit value (unit: packet count/s).

Command

VXLAN configuration mode

Mode
Usage Guide



Configure the storm control when the storm rate needs to be limited based on the VNI.

Configuring Static VXLAN MAC Address Table

Command

vxlan mac static mac-addr vni vxlan-id interface interface-name

Parameter

mac-addr: Indicates the MAC entry address. The format is xxxx.xxxx.xxxx.

Description

vxlan-id: Indicates the VNI of the MAC entry.
interface-name: Indicates the next hop egress of the MAC table. It can be an overlay tunnel interface, an Ethernet
interface, or an aggregate port (AP).
vid: Indicates the ID of a VLAN to which the MAC entry belongs.

Command

Global configuration mode

Mode
Usage Guide

1. Use this command to deliver the static VXLAN MAC entries via the SDN controller or configure the static VXLAN MAC
entries via CLI static configuration. This command is mainly used for setting the host forwarding table.
2. When the next-hop interface is not an overlay tunnel interface, a VID must be configured and the VID is not required for
overlay tunnel interfaces.



Configuring VXLAN UDP Destination Port

Command

vxlan udp-port port-number

Parameter

port-number: Indicates the UDP destination port ID.The value ranges from 0 to 65535 and the default value is 4789.

Description
Command

Global configuration mode

Mode
Usage Guide

Note that the UDP destination port cannot be same as commonly used UDP ports.

Configuration Example
Only configuration related to the VXLAN is described below.
Only IPv4 configuration is used as an example below and the IPv6 scenario configuration is largely the same as the IPv4 scenario
configuration.



VXLAN Configuration Instance
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Scenario
Figure 2- 22

Configuration



Configure an IPv4 unicast routing protocol such as the OSPF protocol onTOR-1,TOR-2, CORE-1, and CORE-2 to
ensure that unicast routes are reachable.

Steps



Configure loopback IP addresses onTOR-1,TOR-2, CORE-1, and CORE-2 and distribute packets via the unicast
routing protocol. The VTEP IP addresses of CORE-1 and CORE-2 must be the same and be allocated to different
routing domains.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine. .



Establish a BGP neighbor relationship between CORE-1 and CORE-2 and configure the BGP-EVPN routing protocol
on them.

The following configuration can be delivered by the SDN controller:



CreateVXLANinstancesVXLAN 10andVXLAN20onTOR-1, andassociatethemwithVLAN10 andVLAN 20
respectively. Configure the address learning mode as SDN controller advertisement. Configure two overlay tunnels
toconnectTOR-1withTOR-2and CORE. AssociateVXLAN10andVXLAN20withthe twotunnelsseparately.



Create VXLAN instance VXLAN 20 on TOR-2 and associate it with VLAN 20. Configure the address learning mode as
SDN controller advertisement. Configure two overlay tunnels to connect TOR-2 with TOR-1 and CORE-2. Associate
VXLAN 20 with the two tunnels.



CreateVXLANinstancesVXLAN 10and VXLAN 20on CORE-1. Configurethe address learning mode as SDN
controller advertisement. Configure the anycast MAC address. Configure two overlay router gateway interfaces and
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configure their IP addresses as 10.1.1.1/24 and 10.1.2.1/24 respectively. Associate VXLAN 10 with the overlay router
gatewayinterfacewiththeIPaddress10.1.1.1/24.AssociateVXLAN20withtheoverlayroutergatewayinterface
with the IP address 10.1.2.1/24. Configure two overlay tunnels to connect CORE-1 with TOR-1 and TOR-2. Associate
VXLAN 10 and VXLAN 20 with the two tunnels separately.
Enable the synchronization function on all-active VXLAN gateways to synchronize the automatically learned entries
between the gateways.


TOR1

The configuration of CORE-2 is same with that of CORE-1.

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)#interface loopback0
TOR1(config-if-Loopback 0)# ip address 1.1.1.1 255.255.255.255
TOR1(config-if-Loopback 0)# exit
TOR1(config)# interface OverlayTunnel 1
TOR1(config-if-OverlayTunnel 1)# tunnel source 1.1.1.1
TOR1(config-if-OverlayTunnel 1)# tunnel destination 2.2.2.2
TOR1(config-if-OverlayTunnel 1)# exit
TOR1(config)# interface OverlayTunnel 2
TOR1(config-if-OverlayTunnel 2)# tunnel source 1.1.1.1
TOR1(config-if-OverlayTunnel 2)# tunnel destination 3.3.3.3
TOR1(config-if-OverlayTunnel 2)# exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# tunnel-interface OverlayTunnel 1
TOR1(config-vxlan)# tunnel-interface OverlayTunnel 2
TOR1(config-vxlan)# extend-vlan10
TOR1(config-vxlan)# end
TOR1(config)# vxlan 20
TOR1(config-vxlan)# tunnel-interface OverlayTunnel 1
TOR1(config-vxlan)# tunnel-interface OverlayTunnel 2
TOR1(config-vxlan)# extend-vlan20
TOR1(config-vxlan)# end

TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)#interface loopback0
TOR2(config-if-Loopback 0)# ip address 2.2.2.2 255.255.255.255
TOR2(config-if-Loopback 0)# exit
TOR2(config)# interface OverlayTunnel 1
TOR2(config-if-OverlayTunnel 1)# tunnel source 2.2.2.2
TOR2(config-if-OverlayTunnel 1)# tunnel destination 1.1.1.1
TOR2(config-if-OverlayTunnel 1)# exit
TOR2(config)# interface OverlayTunnel 2
TOR2(config-if-OverlayTunnel 2)# tunnel source 2.2.2.2
TOR2(config-if-OverlayTunnel 2)# tunnel destination 3.3.3.3
TOR2(config-if-OverlayTunnel 2)# exit
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TOR2(config)# vxlan 20
TOR2(config-vxlan)# tunnel-interface OverlayTunnel 1
TOR2(config-vxlan)# tunnel-interface OverlayTunnel 2
TOR2(config-vxlan)# extend-vlan20
TOR2(config-vxlan)# end
CORE1

Create VXLAN instances VXLAN10 and VXLAN20 on CORE-1. Set the address learning mode to SDN controller
advertisement. Configure an anycastMAC address. Configure twooverlay router gateway interfaces and set their IP
addresses to 10.1.1.1/24 and 10.1.2.1/24 respectively. Configure VXLAN10 to associate with the overlay router gateway
interfacewiththeIPaddressof10.1.1.1/24. ConfigureVXLAN20toassociatewiththeoverlayroutergatewayinterface
withtheIPaddressof10.1.2.1/24.ConfiguretwooverlaytunnelsreachabletoTOR1andTOR2respectively.Configure
VXLAN10 and VXLAN20 to associate with the two tunnels respectively. Configure loopback 1 on both CORE-1 and CORE-2
andsettheIPaddressto3.3.3.4and3.3.3.5forloopback1.ThetwocoreswitchesestablishaBGPneighborrelationship
through loopback 1. Configure the L2VPN EVPN address family activation command.
TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
CORE1(config)# fabric anycast-gateway-mac 0000.1234.5678
CORE1(config)# interface loopback 0
CORE1(config-if-Loopback 0)# ip address 3.3.3.3 255.255.255.255
CORE1(config-if-Loopback 0)# exit
CORE1(config)#interfaceloopback 1
CORE1(config-if-Loopback 0)# ip address 3.3.3.4 255.255.255.255
CORE1(config-if-Loopback 0)# exit
CORE1(config)# route bgp 10000
CORE1(config-router)# neighbor 3.3.3.5 remote-as 10000
CORE1(config-router)# neighbor 3.3.3.5 update-source Loopback 1
CORE1(config-router)# address-family l2vpn evpn
CORE1(config-router-af)# neighbor 3.3.3.5 activate
CORE1(config-router-af)# neighbor 3.3.3.5 send-community extended
CORE1(config-router-af)# exit-address-family
CORE1(config-router)#exit
CORE1(config)# interface OverlayTunnel 1
CORE1(config-if-OverlayTunnel 1)# tunnel source 3.3.3.3
CORE1(config-if-OverlayTunnel 1)# tunnel destination 2.2.2.2
CORE1(config-if-OverlayTunnel 1)# exit
CORE1(config)# interface OverlayTunnel 2
CORE1(config-if-OverlayTunnel 2)# tunnel source 3.3.3.3
CORE1(config-if-OverlayTunnel 2)# tunnel destination 1.1.1.1
CORE1(config-if-OverlayTunnel 2)# exit
CORE1(config)#interfaceoverlayrouter1
CORE1(config-if-OverlayRouter 1)# ip address 10.1.1.1/24
CORE1(config-if-OverlayRouter 1)# anycast-gateway
CORE1(config-if-OverlayRouter 1)# exit
CORE1(config)#interfaceoverlayrouter2
CORE1(config-if-OverlayRouter 2)# ip address 10.1.2.1/24
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CORE1(config-if-OverlayRouter 2)# anycast-gateway
CORE1(config-if-OverlayRouter 2)# exit
CORE1(config)# vxlan 10
CORE1(config-vxlan)# tunnel-interface OverlayTunnel 1
CORE1(config-vxlan)# tunnel-interface OverlayTunnel 2
CORE1(config-vxlan)# router-interface OverlayRouter 1
CORE1(config-vxlan)# end
CORE1(config)# vxlan 20
CORE1(config-vxlan)# tunnel-interface OverlayTunnel 1
CORE1(config-vxlan)# tunnel-interface OverlayTunnel 2
CORE1(config-vxlan)# router-interface OverlayRouter 2
CORE1(config-vxlan)# end
CORE-2

Same with that of CORE-1

Verification



Verify that the virtual machines of HOST-1, HOST-2, HOST-3, and HOST-4 can ping each other.



Display the static MAC entries of hosts delivered by the SDN controller on TOR and core switches.

TOR1(config)#show vxlan mac
Vxlan

MAC Address

Type

LocationInterface

Vlan

---------- -------------------- -------- -------- ------------------------------ -----10

0000.0000.0001

STATIC

LOCAL

GigabitEthernet 0/1

10

10

0000.1234.5678

STATIC

REMOTE

OverlayTunnel 2

20

0000.0000.0002

STATIC

LOCAL

GigabitEthernet 0/2

20

0000.0000.0003

STATIC

REMOTE

OverlayTunnel 1

-

20

0000.0000.0004

STATIC

REMOTE

OverlayTunnel 1

-

20

0000.1234.5678

STATIC

REMOTE

OverlayTunnel 2

-

20

TOR2(config)#show vxlan mac
Vxlan

MAC Address

Type

LocationInterface

Vlan

---------- -------------------- -------- -------- ------------------------------ -----10

0000.0000.0001

STATIC

REMOTE

OverlayTunnel 1

-

10

0000.1234.5678

STATIC

REMOTE

OverlayTunnel 2

-

20

0000.0000.0002

STATIC

REMOTE

OverlayTunnel 1

-

20

0000.0000.0003

STATIC

LOCAL

GigabitEthernet 0/1

20

20

0000.0000.0004

STATIC

LOCAL

GigabitEthernet 0/2

20

20

0000.1234.5678

STATIC

REMOTE

OverlayTunnel 2

-

CORE1#show vxlan mac
Vxlan

MAC Address

Type

LocationInterface

Vlan

---------- -------------------- -------- -------- ------------------------------ ------
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10

0000.0000.0001

STATIC

REMOTE

OverlayTunnel 2

-

20

0000.0000.0002

STATIC

REMOTE

OverlayTunnel 2

-

20

0000.0000.0003

STATIC

REMOTE

OverlayTunnel 1

-

20

0000.0000.0004

STATIC

REMOTE

OverlayTunnel 1

-
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CORE2#show vxlan mac
Vxlan

MAC Address

Type

Location Interface

Vlan

---------- -------------------- -------- -------- ------------------------------ -----10

0000.0000.0001

STATIC

REMOTE

OverlayTunnel 2

-

20

0000.0000.0002

STATIC

REMOTE

OverlayTunnel 2

-

20

0000.0000.0003

STATIC

REMOTE

OverlayTunnel 1

-

20

0000.0000.0004

STATIC

REMOTE

OverlayTunnel 1

2.4.2 ConfiguringVXLANEVPN

Configuration Effect



Enablethecontrolplane learningfunctiontoimplementVXLANtunnellearning,MACaddresslearning,and routelearningvia
control plane protocols, thereby finally implementing VXLAN bridging,VXLAN routing, and data communication between
VXLANs and between a VXLAN and an external network.



Support functions such as anycast gateways, symmetric VXLAN instances, and ARP suppression in EVPN control plane mode.

Notes



The VXLAN instances require support from existing unicast routes on the network. Therefore, an IPv4 unicast routing protocol,
for example, the OSPF protocol must be configured on the network devices.



The MP-BGP-EVPN protocol is required for VXLANs to implement VXLAN tunnel learning, MAC address learning, and route
learning. Therefore, the devices on the network must complete BGP-related configurations.

Configuration Steps



Configuring Loopback Interface Associated with Local End



Mandatory.



Configure the IP address of a loopback interface as the IP address of the local VTEP. One VTEP device can be associated with only
one loopback interface to serve as the VXLAN VTEP IP address.



IftheL3egressisanoverlayrouterinterfaceduring staticrouteconfiguration,thenext-hopIPaddresscannot besettotheVTEP
IP address.



Configuring Virtual MAC Address for Anycast Gateways



Optional.



ConfigureaunifiedvirtualMACaddressforallanycastgatewaysonthenetwork.Theanycastfunctioncanbeenabledonthe
VXLAN overlay router interface of the local device only after the virtual MAC address is configured.



Configuring ARP Suppression



Optional.



After ARP suppression is enabled, the switch responds to the ARP request from the host as a proxy, reducing the flooded ARP
data.



ARP suppression is generally enabled on the TOR bridge devices in a centralized deployment scenario, or on the distributed
gateways in a distributed deployment scenario.
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Configuring ARP Proxy



Optional.



After ARP suppression is enabled on a VTEP device, you can enable the ARP proxy function on an overlay router interface.



After ARP proxy is enabled, the VTEP device responds to ARP requests from hosts as a proxy and the MAC address used for proxy
response is the gateway MAC address configured on the VTEP device. In this way, the MAC address in the ARP request responses
are the MAC address of the VTEP device, and the traffic between hosts in the same VNI is forwarded at L3.

ARP proxy can be enabled only on VXLAN gateways and is generally enabled on distributed gateways in distributed deployment
scenarios.



Configuring IPv6 ND Suppression



Optional.



After IPv6 ND suppression is enabled, the VTEP device responds to NS multicast packets from hosts as a proxy, to reduce flooded
NS multicast packets on the network.



IPv6 ND suppression is generally enabled on distributed gateways in distributed deployment scenarios.



Configuring the EVPN Protocol Packet Control Function



In symmetric EVPN deployment scenarios, the EVPN protocol packet control function can be configured on TOR switches to
reduce the traffic of EVPN packets.

Currently, the EVPN protocol packet control function includes the following:



Extracting MAC entries from EVPN MAC-IP type-2 routes (ARP entries) on a L2-VPN VXLAN instance



Extracting MAC entries from EVPN MAC-IPv6 type-2 routes (IPv6 ND entries) on a L2-VNI VXLAN instance



Banning synchronization of the local MAC address to the remote VTEP through EVPN messages on an L2-VNI VXLAN instance



Banning delivery of the MAC addresses remotely synchronized through EVPN messages to the local MAC address table on an
L2-VNI VXLAN instance



Stopping an L2-VNI VXLAN instance from generating EVPN type-2 routes



Configuring Remote ARP Packet Learning



Mandatory for centralized gateways and not recommended for other devices.



After the remote ARP packet learning function is enabled, the VXLAN gateways can learn the VXLAN route entries from the
encapsulated VXLAN ARP packets received from the VXLAN tunnels.



Configuring Remote IPv6 ND Protocol Packet Learning



Mandatory for centralized gateways and not recommended for other devices.



After the remote IPv6 ND protocol packet learning function is enabled, the VXLAN gateway can learn IPv6 ND entries from
VXLAN-encapsulated IPv6 protocol packets received from VXLAN tunnels.



Creating VXLAN Instances



Mandatory.



Associating VXLAN Instance with Overlay Router Interface
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Mandatory for VXLAN gateways.



OnlyaftertheVXLANisassociatedwiththeoverlayrouter interface,thedevicecanprovidetheVXLANroutingfunctionand
serve as a VXLAN IP gateway.



Associating VXLAN Instance with VLAN



Mandatory for VXLAN devices directly connected to the host.



Only after a VLAN is associated with a VXLAN instance, packets of the VLAN can be encapsulated into VXLAN packets and then
forwarded.



After a VLAN is associated with a VXLAN, all packets of the VLAN will be encapsulated into VXLAN packets. Therefore, an SVI
cannot be used as the VLAN IP gateway on the device.



Configuring Storm Control of VXLAN Instances



Optional.



This function is required only when the storm rate needs to be limited based on VXLAN instances.



Configuring VXLAN UDP Destination Port



Optional.AstheVXLANUDPdestinationportusedbyearlydevicesmaynot bePort4789, youcanrunthiscommand toachieve
compatibility. In addition, you can also run this command to customize the VXLAN UDP destination port.



The VXLAN UDP destination port 4789 designated by IANA is used by default.



Configuring Symmetric Instances



Optional.



Symmetric instances need tobe configured only insymmetric scenarios. Only one symmetricinstance canbe configured for
each VRF network. After a symmetric instance is configured in a VRF network, L3 forwarding of other asymmetric instances is all
switched to the symmetric instance for implementation.



Configuring Static VXLAN Network Routes



Optional.



Configure the static VXLAN network routes based on VXLAN instances if required.

Verification
Based on EVPN control plane learning, VXLAN tunnels, VXLAN MAC entries, and VXLAN route entries can be formed. Run the following
commands for verification.



Run the show vxlan vni-number command to check whether the local and remote VXLAN devices can learn mutual VTEP
neighbor relationships.



Run the show vxlan mac command to check whether the VXLAN MAC address is learned.



Run the show arp command to check whether the ARP entry of the VXLAN IP gateway is learned.



Run the show ipv6 neighbors command to check whether all local/remote IPv6 ND entries are learned.



Run the show vxlan udp-port command to display the VXLAN UDP destination port.

Related Commands
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Configuring Loopback Interface Associated with Local End

Command

source loopback loopback-port-id

Parameter

Loopback-port-id: Indicates the ID of the loopback interface.

Description
Command

VTEP configuration mode

Mode
Usage Guide



The local VETP IP address is the configured loopback interface IP address.

Configuring Virtual MAC Address for Anycast Gateways

Command

fabric anycast-gateway-mac mac-addr

Parameter

mac-addr: Indicates the MAC address. The format is xxxx.xxxx.xxxx.

Description
Command

Global configuration mode

Mode
Usage Guide

All gateways on which the anycast function is enabled use this MAC address as the gateway MAC address.
ThevirtualMACaddressforananycastgatewaymustnot bethesameasthelocalMACaddressorthesameastheMAC
address of any device on the overlay network.



Configuring Remote ARP Packet Learning

Command

remote arp learn enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the remote ARP packet learning function globally. After this function is enabled, the VXLAN gateways
can learn the VXLAN route entries from the encapsulated VXLAN ARP packets received from the VXLAN tunnels.



Configuring Remote IPv6 ND Protocol Packet Learning

Command

remote nd learn enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the remote IPv6 ND packet learning function globally. After this function is enabled, the device can
learn IPv6 ND entries from the VXLAN-encapsulated IPv6 NS packets received from VXLAN tunnels.



Configuring ARP Suppression

Command

arp suppress enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide
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fromthehostasaproxy.TheVNI-basedARPsuppressionmaybealsosupported,dependingontheproducttype.Youcan
configure global ARP suppression or VNI-based ARP suppression based on the actual application scenario.



Configuring VNI-based ARP Suppression

Command

arp suppress enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

Enable or disable VNI-based ARP suppression. After ARP suppression is enabled, the switch responds to ARP requests
from hosts as a proxy. The global ARP suppression may be also supported, depending on the product type. You can
configure global ARP suppression or VNI-based ARP suppression based on the actual application scenario.



Configuring ARP Proxy

Command

route-in-vni

Parameter

N/A

Description
Command

Overlay router interface configuration mode

Mode
Usage Guide

After the intra-VNI routing function (ARP proxy) is enabled on an overlay router interface, the VTEP device uses its
gateway MAC address to respond to all ARP requests from hosts in theVNI, to which the overlay router interface belongs,
when serving as an ARP proxy. In this way, the communication traffic between hosts in the same VNI is forwarded
through VXLAN routes.



Configuring Global IPv6 ND Suppression

Command

nd suppress enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the global IPv6 ND suppression function. After IPv6 ND suppression is enabled, the device responds to
IPv6 NS multicast packets from hosts as a proxy. The VNI-based IPv6 ND suppression may be also supported, depending
on the product type. You can configure global IPv6 ND suppression or VNI-based IPv6 ND suppression based on the
actual application scenario.



Configuring VNI-based IPv6 ND Suppression

Command

nd suppress enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

Enable or disable the VNI-based IPv6 ND suppression function. After IPv6 ND suppression is enabled, the device responds
to IPv6 NS multicast packets from hosts as a proxy. The global IPv6 ND suppression may be also supported, depending on
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the product type. Youcan configure global IPv6 ND suppression or VNI-based IPv6 ND suppression based on the actual
application scenario.



Extracting MAC Entries from EVPN MAC-IP Type-2 Routes (ARP Entries)

Command

evpn arp mac-learning enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device parses one ARP entry and one MAC entry from a MAC-IP type-2 route
synchronized from the VXLAN-EVPN neighbor.
This command is disabled by default and the device parses one ARP entry but no MAC entry from a MAC-IP type-2 route
synchronized from the VXLAN-EVPN neighbor.
This command is configured on a VXLAN instance and affects only the EVPN entry parsing of the VXLAN instance. Other
VXLAN instances, for which this command is not configured, are not affected.
This command can be used in combination withthe evpn mac advertise disable command. After they are executed, the
network-wide VXLAN-EVPN neighbors synchronize only MAC-IP type-2 routes but no MAC-only type-2 routes. All devices
parse and extract MAC entries from MAC-IP type-2 routes.
This command is configured on L2-VNI VXLAN instances.



Extracting MAC Entries from EVPN MAC-IPv6 Type-2 Routes (IPv6 ND Entries)

Command

evpn nd mac-learning enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device parses one IPv6 ND entry and one MAC entry from a MAC-IPv6 type-2 route
(IPv6 ND entry) synchronized from the VXLAN-EVPN neighbor.
This command is disabled by default and the device parses one IPv6 ND entry but no MAC entry from a MAC-IPv6 type-2
route synchronized from the VXLAN-EVPN neighbor.
This command is configured on a VXLAN instance and affects only the EVPN entry parsing of the VXLAN instance. Other
VXLAN instances, for which this command is not configured, are not affected.
This command can be used in combination withthe evpn mac advertise disable command. After they are executed, the
network-wide VXLAN-EVPN neighbors synchronize only MAC-IPv6 type-2 routes but no MAC-only type-2 routes. All
devices parse and extract MAC entries from MAC-IPv6 type-2 routes.
This command is configured on L2-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Synchronize the Local MAC Address to the Remote VTEP Through EVPN
Messages

Command

evpn mac advertise disable

Parameter

N/A

Description
Command
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Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP can learn the MAC entry from the MAC-only type-2 route.
After this command is configured, the device does not generate VXLAN-EVPN MAC-only type-2 routes based on MAC
entries, and therefore, it will not advertise MAC-only type-2 routes to the EVPN neighbor.
This command is configured on a VXLAN instance and affects only whether the VXLAN instance generates MAC-only
type-2 routes. Other VXLAN instances, for which this command is not configured, can still generate MAC-only type-2
routes.
This command can be used in combination with the evpn arp mac-learning enable and evpn nd mac-learning enable
commands. After they are executed, the network-wide VXLAN-EVPN neighbors synchronize only MAC-IP type-2 routes
but no MAC-only type-2 routes. All devices parse and extract MAC entries from MAC-IP or MAC-IPv6 type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Deliver MAC Addresses Remotely Synchronized Through EVPN Messages
to the Local MAC Address Table

Command

evpn mac inactive

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device does not learn MAC entries from VXLAN-EVPN type-2 routes (MAC-IP or
MAC-only type-2 routes) synchronized from neighbors.
This command is not configured on a device by default.The device learns MAC entries fromVXLAN-EVPN type-2 routes
synchronized from neighbors.
Thiscommand isconfigured on aVXLANinstance and affects only whether theVXLAN instance learns MAC entriesfrom
VXLAN-EVPN type-2 routes. Other VXLAN instances, for which this command is not configured, can still learn MAC entries.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Generate EVPN Type-2 Routes

Command

evpn rt-2 advertise disable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP learns the MAC entry from the MAC-only type-2 route. In addition, the
devicegenerates one MAC-IP type-2 route through theVXLAN-EVPN protocol based on a locally learned ARP entry and
synchronizes thetype-2 routetotheEVPN neighbor.Then, theremoteVTEP learns theARP entryand host routefromthe
MAC-IP type-2 route. The device generates one MAC-IPv6 type-2 route through the VXLAN-EVPN protocol based on a
locally learned IPv6 ND entry, and synchronizes the type-2 route to the EVPN neighbor. Then, the remote VTEP learns the
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IPv6 ND entry and host route from the MAC-IPv6 type-2 route. After this command is configured, the MAC entries, ARP
entries, and IPv6 ND entries of the device are not used to generate VXLAN-EVPN type-2 routes and therefore, no type-2
route is advertised to the EVPN neighbor.
Thiscommand isconfiguredonaVXLANinstanceand affectsonlywhether theVXLANinstancegenerates type-2 routes.
Other VXLAN instances, for which this command is not configured, can still generate type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Creating Overlay Router Interfaces

Command

interface OverlayRouter port-id

Parameter

port-id: Indicates the ID of an overlay router interface. The ID ranges from 1 to 16,777,215.

Description
Command

Global configuration mode

Mode
Usage Guide



Similar to SVI in a VLAN, this interface serves as the VXLAN IP gateway in the VXLAN routing environment.

Configuring IP Address for Overlay Router Interface

Command

ip address ip-address mask

Parameter

ip-address: Indicates the IP address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Interface configuration mode

Mode
Usage Guide

SimilartotheIPaddressoftheSVIinaVLAN,thisIPaddressservesastheaddressoftheVXLANIPgatewayintheVXLAN
routing environment.



Configuring an IPv6 Address for the Overlay Router Interface

Command

ipv6 address ip-address mask

Parameter

ip-address: Indicates the IPv6 address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Overlay router interface configuration mode

Mode
Usage Guide

This IPv6 address serves as the VXLAN IPv6 gateway address in the VXLAN routing environment. It is similar to the IP
address of an SVI in a VLAN.



Associating Overlay Router Interface with VRF Network

Command

vrf forwarding table name

Parameter

Table name: Indicates the VRF network associated with the overlay router interface.

Description
Command

Interface configuration mode

Mode
Usage Guide

Use this command to associate an overlay router interface with a VRF network in theVXLAN routing environment, to
implement VXLAN L3 route isolation.



Creating or Entering VXLAN Instances
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Command

vxlan vni-number

Parameter

vni-number: Indicates the VNI. The value ranges from 1 to 16777215.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring Symmetric Instances

Command

symmetric

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

No symmetricinstanceis configured by default. Symmetric instances are used to manage the L3 forwarding entries of all
asymmetric instances of the VRF networks associated with the symmetric instances.



Associating VXLAN Instance with Overlay Router Interface

Command

router-interface interface-name

Parameter

interface-name: Indicates the name of the overlay router interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide



Different VXLANs cannot be associated with the same overlay router interface.

Configuring VXLAN UDP Destination Port

Command

vxlan udp-port port-number

Parameter

port-number: Indicates the UDP destination port ID.The value ranges from 0 to 65535 and the default value is 4789.

Description
Command

Global configuration mode

Mode
Usage Guide



Note that the UDP destination port cannot be same as commonly used UDP ports.

Configuring Storm Control of VXLAN Instances

Command

storm-control {broadcast | multicast | unicast} [kbps-value | pps pps-value]

Parameter

kbps-value: Indicates the rate limit value (unit: kbit/s).

Description

pps-value: Indicates the rate limit value (unit: packet count/s).

Command

VXLAN configuration mode

Mode
Usage Guide

Configure the storm control when the storm rate needs to be limited based on the VNI.

Configuration Example
Only configuration related to the VXLAN is described below.
Only IPv4 configuration is used as an example below and the IPv6 scenario configuration is largely the same as the IPv4 scenario
configuration.
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2.4.2.1 Configuring EVPN-based Multi-tenant Centralized Scenario
Scenario
Figure 2- 23

Configuration



Steps

ConfigureanIPv4unicastroutingprotocolsuchastheOSPFprotocolonCORE,TOR-1,andTOR-2toensurethat
unicast routes are reachable.



Configure the BGP-EVPN routing protocol on CORE, TOR-1, and TOR-2 to establish BGP neighbor relationships
between the three devices and to support the EVPN protocol family.



Configure the EVI for BGP-EVPN on CORE, TOR-1, and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.



Associate the VTEP with the loopback interface on TOR-1, TOR-2, and CORE to establish tunnels.



Create VXLAN instances on TOR-1, TOR-2, and CORE and associate the VXLAN instances with VLANs.



Create overlay router interfaces and configure the VXLAN gateway IP address on CORE. Configure different VRF
networks for different overlay router interfaces to determine their respective tenants.

HOST



Associate VXLAN instances with overlay router interfaces on CORE to realize VXLAN routing.



Enable the remote ARP packet learning function on CORE to generate VXLAN routing entries dynamically.



(Optional) ConfigureARP suppression onTOR-1 andTOR-2 toreducethe ARP packetsentering theVXLAN.

Configuring the IP address and gateway according to Figure 2-23 (the detailed configuration on the server is omitted
herein).

CORE

The configuration of the OSPF, and Ethernet interface is omitted herein. The following describe only the VXLAN
configuration.
CORE# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
CORE(config)# interface Loopback 1
CORE(config-if- Loopback 1)# ip address 1.1.1.1/32
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CORE(config-if-Loopback1)#exit
CORE(config)# vtep
CORE(config-vtep)# source loopback 1
CORE(config-vtep)# remote arp learn enable
CORE(config-vtep)# exit
CORE(config)# ip vrf vrf-10
CORE(config-vrf)# rd 10:10
CORE(config-vrf)#route-targetboth1000:1000
CORE(config-vrf)# exit
CORE(config)# ip vrf vrf-20
CORE(config-vrf)# rd 20:20
CORE(config-vrf)#route-targetboth2000:2000
CORE(config-vrf)# exit
CORE(config)# int overlayrouter 10
CORE(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
CORE(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
CORE(config-if-OverlayRouter 10)# exit
CORE(config)# int overlayrouter 20
CORE(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
CORE(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
CORE(config-if-OverlayRouter 20)# exit
CORE(config)# int overlayrouter 100
CORE(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
CORE(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
CORE(config-if-OverlayRouter 100)# exit
CORE(config)# vxlan 10
CORE(config-vxlan)# router-interface OverlayRouter 10
CORE(config-vxlan)# exit
CORE(config)# vxlan 20
CORE(config-vxlan)# router-interface OverlayRouter 20
CORE(config-vxlan)# exit
CORE(config)# vxlan 100
CORE(config)# vxlan 100
CORE(config-vxlan)# router-interface OverlayRouter 100
CORE(config-vxlan)# exit
CORE(config)# router bgp 64512
CORE(config-router)# neighbor 2.2.2.2 remote-as 64512
CORE(config-router)# neighbor 3.3.3.3 remote-as 64512
CORE(config-router)# neighbor 2.2.2.2 update-source Loopback 1
CORE(config-router)# neighbor 3.3.3.3 update-source Loopback 1
CORE(config-router)# address-family l2vpn evpn
CORE(config-router-af)#neighbor2.2.2.2activate
CORE(config-router-af)#neighbor3.3.3.3activate
CORE(config-router-af)# neighbor 2.2.2.2 route-reflector-client
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CORE(config-router-af)# neighbor 3.3.3.3 route-reflector-client
CORE(config-router-af)# exit
CORE(config-router)# address-family ipv4 vrf vrf-10
CORE(config-router-af)# network 10.1.1.0 mask 255.255.255.0
CORE(config-router-af)# network 10.1.2.0 mask 255.255.255.0
CORE(config-router-af)# exit
CORE(config-router)# address-family ipv4 vrf vrf-20
CORE(config-router-af)# network 10.1.3.0 mask 255.255.255.0
CORE(config-router-af)# exit
CORE(config-router)# exit
CORE(config)# evpn
CORE(config-evpn)# vni 10
CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
CORE(config-evpn)# vni 20
CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
CORE(config-evpn)# vni 100
CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1(config-router)# neighbor 1.1.1.1 remote-as 64512
TOR1(config-router)# neighbor 1.1.1.1 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
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TOR1(config-router-af)# neighbor 1.1.1.1 activate
TOR1(config-router-af) #exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 3.3.3.3/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# extend-vlan 100
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2(config-router)# neighbor 1.1.1.1 remote-as 64512
TOR2(config-router)# neighbor 1.1.1.1 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router)# neighbor 1.1.1.1 activate
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
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TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
Verification



Verify that HOST-1, HOST-2, HOST-3, and HOST-4 can ping each other.



Verify that HOST-5 and HOST-6 can ping each other.



Verify that HOST-1, HOST-2, HOST-3, and HOST-4 cannot ping HOST-5 and HOST-6.



Verify that the virtual machines can be migrated between the hosts on the same VXLAN and can access the
network normally after migration without modifying the configuration.

TOR1#sho vxlan
VXLAN Total Count: 2
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

:-

Extend VLAN

10

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

:-

Extend VLAN

20

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

OverlayTunnel 6146

2.2.2.2

3.3.3.3

dynamic

CORE#sho vxlan
VXLAN Total Count: 3
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface
Extend VLAN

: OverlayRouter 10 (non-anycast)
:-

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 6147

1.1.1.1

2.2.2.2

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

:OverlayRouter20 (non-anycast)

Extend VLAN

:-

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6147

1.1.1.1

2.2.2.2

dynamic

OverlayTunnel 6148

1.1.1.1

3.3.3.3

dynamic

VXLAN 100
Symmetric property : FALSE
RouterInterface
Extend VLAN

:OverlayRouter 100 (non-anycast)
:-

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6148
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2.4.2.2 Configuring EVPN-based Multi-tenant Centralized All-active
Anycast Gateway Scenario
Scenario
Figure 2- 24

Configuration



Configure an IPv4 unicast routing protocol such as the OSPF protocol on CORE, TOR-1, and TOR-2 to ensure that
unicast routes are reachable.

Steps



Configure the BGP-EVPN routing protocol on CORE,TOR-1, andTOR-2 to establish BGP neighbor relationships
between the three devices and to support the EVPN protocol family.



Configure the EVI for BGP-EVPN on CORE, TOR-1, and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.(Omitted).



Associate the VTEP with the loopback interface on TOR-1, TOR-2, and CORE to establish tunnels.
Note that the same loopback interface IP address needs to be configured on CORE1 and CORE2 as the VTEP IP
address for tunnel establishment.
After the loopback interface IP address is configured, no tunnel is established between CORE1 and CORE2.
On TOR1, only one tunnel whose VTEP IP address is 1.1.1.1 and one tunnel whose VTEP IP address is 3.3.3.3 can be
viewed.
On TOR2, only one tunnel whose VTEP IP address is 1.1.1.1 and one tunnel whose VTEP IP address is 2.2.2.2 can be
viewed.
On CORE1, only one tunnel whose VTEP IP address is 2.2.2.2 and one tunnel whose VTEP IP address is 3.3.3.3 can be
viewed.
On CORE2, only one tunnel whose VTEP IP address is 2.2.2.2 and one tunnel whose VTEP IP address is 3.3.3.3 can be
viewed.
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Create VXLAN instances onTOR-1, TOR-2, and CORE and associate theVXLAN instances withVLANs.
Create overlay router interfaces and configure the VXLAN gateway IP address on CORE. Configure different VRF
networks for different overlay router interfaces to determine their respective tenants. Associate VXLAN instances
with overlay router interfaces to realize VXLAN routing.
Note that the overlay router interface configurations on CORE1 and CORE2 must be the same. That is, the IP
addresses and masks configured for the overlay router interfaces associated with the same VXLAN instance must be
the same on CORE1 and CORE2 and belong to the same tenant (VRF).
In addition, an anycast gateway must be configured for all overlay router interfaces.



Configure the same anycast gateway MAC address on CORE1 and CORE2 to ensure that all VXLAN anycast gateways
on CORE use the same MAC address.

HOST



Enable the remote ARP packet learning function on CORE to generate VXLAN routing entries dynamically.



(Optional) Configure ARP suppression onTOR-1 and TOR-2 toreduce the ARP packets entering theVXLAN.

Configure the IP address and gateway according to Figure 2-24 (the detailed configuration on the server is omitted
herein).

CORE

The configuration of the OSPF and Ethernet interface is omitted herein. The following describes only the VXLAN
configuration.
Note: VXLAN configuration on CORE1 and CORE2 is the same. The following configuration applies to CORE1 and
CORE2: Configure loopback 1 on both CORE1 and CORE2 and set the IP address to 1.1.1.2 and 1.1.1.3 for loopback 1. The
two core switches establish a BGP neighbor relationship through loopback 1. Configure the L2VPN EVPN address family
activation command.
CORE# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
CORE(config)# interface Loopback 0
CORE(config-if- Loopback 0)# ip address 1.1.1.1/32
CORE(config-if- Loopback 0)# exit
CORE(config)#int loopback 1
CORE(config-if-Loopback 1)# ip address 1.1.1.2/32
CORE(config-if- Loopback 1)# exit
CORE(config)# vtep
CORE(config-vtep)# source loopback 0
CORE(config-vtep)# remote arp learn enable
CORE(config-vtep)# exit
CORE(config)# fabric anycast-gateway-mac 0011.2233.2016
CORE(config)# ip vrf vrf-10
CORE(config-vrf)# rd 10:10
CORE(config-vrf)# route-target both 1000:1000
CORE(config-vrf)# exit
CORE(config)# ip vrf vrf-20
CORE(config-vrf)# rd 20:20
CORE(config-vrf)# route-target both 2000:2000
CORE(config-vrf)# exit
CORE(config)# int overlayrouter 10
CORE(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
CORE(config-if-OverlayRouter10)# ipaddress 10.1.1.1/24
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CORE(config-if-OverlayRouter 10)# anycast-gateway
CORE(config-if-OverlayRouter 10)# exit
CORE(config)# int overlayrouter 20
CORE(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
CORE(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
CORE(config-if-OverlayRouter 20)# anycast-gateway
CORE(config-if-OverlayRouter 20)# exit
CORE(config)# vxlan 20
CORE(config)# intoverlayrouter 100
CORE(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
CORE(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
CORE(config-if-OverlayRouter 100)# anycast-gateway
CORE(config-if-OverlayRouter 100)# exit
CORE(config)# vxlan 10
CORE(config-vxlan)# router-interface OverlayRouter 10
CORE(config-vxlan)# exit
CORE(config)# vxlan 20
CORE(config-vxlan)# router-interface OverlayRouter 20
CORE(config-vxlan)# exit
CORE(config)# vxlan 100
CORE(config-vxlan)# router-interface OverlayRouter 100
CORE(config-vxlan)# exit
CORE(config)# router bgp 64512
CORE(config-router)# neighbor 1.1.1.3 remote-as 64512
CORE(config-router)# neighbor 1.1.1.3 update-source loopback 1
CORE(config-router)# neighbor 2.2.2.2 remote-as 64512
CORE(config-router)# neighbor 2.2.2.2 update-source loopback 1
CORE(config-router)# neighbor 3.3.3.3 remote-as 64512
CORE(config-router)# neighbor 3.3.3.3 update-source loopback 1
CORE(config-router)# address-family l2vpn evpn
CORE(config-router)# neighbor 1.1.1.3 activate
CORE(config-router)# neighbor 2.2.2.2 activate
CORE(config-router)# neighbor 3.3.3.3 activate
CORE(config-router-af)# exit
CORE(config-router)# address-family ipv4 vrf vrf-10
CORE(config-router-af)# network 10.1.1.0 mask 255.255.255.0
CORE(config-router-af)# network 10.1.2.0 mask 255.255.255.0
CORE(config-router-af)# exit
CORE(config-router)# address-family ipv4 vrf vrf-20
CORE(config-router-af)# network 10.1.3.0 mask 255.255.255.0
CORE(config-router-af)# exit
CORE(config-router)# exit
CORE(config)# evpn
CORE(config-evpn)# vni 10
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CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
CORE(config-evpn)# vni 20
CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
CORE(config-evpn)# vni 100
CORE(config-evpn-vni)# rd auto
CORE(config-evpn-vni)# route-target both auto
CORE(config-evpn-vni)# exit
TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1 (config-router)# neighbor 1.1.1.2 remote-as 64512
TOR1 (config-router)# neighbor 1.1.1.2 update-source loopback 1
TOR1 (config-router)# neighbor 1.1.1.3 remote-as 64512
TOR1 (config-router)# neighbor 1.1.1.3 update-source loopback 1
TOR1 (config-router)# neighbor 3.3.3.3 remote-as 64512
TOR1 (config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
TOR1(config-router-af)# neighbor 1.1.1.2 activate
TOR1(config-router-af)# neighbor 1.1.1.3 activate
TOR1(config-router-af)# neighbor 3.3.3.3 activate
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
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TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 3.3.3.3/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# extend-vlan 100
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2 (config-router)# neighbor 1.1.1.2 remote-as 64512
TOR2 (config-router)# neighbor 1.1.1.2 update-source loopback 1
TOR2 (config-router)# neighbor 1.1.1.3 remote-as 64512
TOR2 (config-router)# neighbor 1.1.1.3 update-source loopback 1
TOR2 (config-router)# neighbor 2.2.2.2 remote-as 64512
TOR2 (config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 1.1.1.2 activate
TOR2(config-router-af)# neighbor 1.1.1.3 activate
TOR2(config-router-af)# neighbor 2.2.2.2 activate
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
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TOR2(config-evpn-vni)# exit
Verification



Verify that HOST-1, HOST-2, HOST-3, and HOST-4 can ping each other.



Verify that HOST-5 and HOST-6 can ping each other.



Verify that HOST-1, HOST-2, HOST-3, and HOST-4 cannot ping HOST-5 and HOST-6.



Verify that virtual machines can be migrated between the hosts on the sameVXLAN and can access the network
normally after migration without modifying the configuration.

TOR1#sho vxlan
VXLAN Total Count: 2
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

:-

Extend VLAN

10

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

:-

Extend VLAN

20

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

OverlayTunnel 6146

2.2.2.2

3.3.3.3

dynamic

CORE#sho vxlan
VXLAN Total Count: 3
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

: OverlayRouter 10 (anycast)

Extend VLAN

10

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 6147

1.1.1.1

2.2.2.2

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

: OverlayRouter 20 (anycast)

Extend VLAN

20

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6147

1.1.1.1

2.2.2.2

dynamic

OverlayTunnel 6148

1.1.1.1

3.3.3.3

dynamic

VXLAN 100
Symmetric property : FALSE
RouterInterface

: OverlayRouter 100 (anycast)

Extend VLAN

100

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6148
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2.4.2.3 Configuring EVPN-based Multi-tenant Distributed Scenario
(Enabling Anycast Gateway)
Scenario
Figure 2- 25

Configuration



Configure an IPv4 unicast routing protocol such as the OSPF protocol on CORE, TOR-1, and TOR-2 to ensure that
unicast routes are reachable.

Steps



Configure the BGP-EVPN routing protocol on CORE,TOR-1, andTOR-2 to establish BGP neighbor relationships
between the four devices and to support the EVPN protocol family.



Configure the EVI for BGP-EVPN on TOR-1 and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.



Associate the VTEP with loopback interface on TOR-1 and TOR-2 to establish tunnels.



Configure the anycast gateway MAC address on TOR-1 and TOR-2 to ensure that all VXLAN anycast gateways on the
network use the same MAC address.



Create VXLAN instances on TOR-1 and TOR-2 and associate the VXLAN instances with VLANs.



Create overlay router interfaces on TOR-1 and TOR-2 and configure the VXLAN gateway IP address for the interfaces.
Configure differentVRF networks for different overlay router interfaces todetermine their respective tenants.
ConfiguretheanycastgatewaytoensurethatallVXLANgatewaysonthenetworkusethesameIPaddressand
MAC address. As the anycast gateway function is enabled, the overlay router interfaces associated with the same
VXLAN on TOR-1 and TOR-2 must be configured with the same VXLAN gateway IP address.



AssociateVXLAN instances with overlay router interfaces on TOR-1 and TOR-2 to realize VXLAN routing.



(Optional) Configure ARP suppression onTOR-1 and TOR-2 toreduce the ARP packets entering theVXLAN.



(Optional) Configure ARP proxy on the overlay router interfaces of TOR-1 and TOR-2 so that the VXLAN gateway
uses the gateway MAC address to respond as a proxy and VXLAN network traffic is forwarded only at L3.

HOST

Configuring the IP address and gateway according to Figure 2-25 (the detailed configuration on the server is omitted
herein).
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CORE

VXLAN may be not configured on the core switches. The configuration of the OSPF and BGP is omitted herein.

TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# exit
TOR1(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR1(config)# ip vrf vrf-10
TOR1(config-vrf)# rd 10:10
TOR1(config-vrf)# route-target both 1000:1000
TOR1(config-vrf)# exit
TOR1(config)# ip vrf vrf-20
TOR1(config-vrf)# rd 20:20
TOR1(config-vrf)# route-target both 2000:2000
TOR1(config-vrf)# exit
TOR1(config)# int overlayrouter 10
TOR1(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR1(config-if-OverlayRouter 10)# anycast-gateway
TOR1(config-if-OverlayRouter10)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR1(config-if-OverlayRouter 10)# exit
TOR1(config)# int overlayrouter 20
TOR1(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
TOR1(config-if-OverlayRouter 20)# anycast-gateway
TOR1(config-if-OverlayRouter20)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR1(config-if-OverlayRouter 20)# exit
TOR1(config)# int overlayrouter 100
TOR1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
TOR1(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
TOR1(config-if-OverlayRouter 100)# anycast-gateway
TOR1(config-if-OverlayRouter100)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR1(config-if-OverlayRouter 100)# exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# router-interface OverlayRouter 10
TOR1(config-vxlan)# arp suppress enable
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TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 100
TOR1(config-vxlan)# extend-vlan 100
TOR1(config-vxlan)# router-interface OverlayRouter 100
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR1(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
TOR1(config-router-af)# neighbor 3.3.3.3 activate
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 100
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 3.3.3.3/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR1(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR2(config)# ip vrf vrf-10
TOR2(config-vrf)# rd 10:10
TOR2(config-vrf)# route-target both 1000:1000
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TOR2(config-vrf)# exit
TOR2(config)# ip vrf vrf-20
TOR2(config-vrf)# rd 20:20
TOR2(config-vrf)# route-target both 2000:2000
TOR2(config-vrf)# exit
TOR2(config)# int overlayrouter 10
TOR2(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR2(config-if-OverlayRouter 10)# anycast-gateway
TOR2(config-if-OverlayRouter10)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR2(config-if-OverlayRouter 10)# exit
TOR2(config)# int overlayrouter 20
TOR2(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
TOR2(config-if-OverlayRouter 20)# anycast-gateway
TOR2(config-if-OverlayRouter20)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR2(config-if-OverlayRouter 20)# exit
TOR2(config)# int overlayrouter 100
TOR2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
TOR2(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
TOR2(config-if-OverlayRouter 100)# anycast-gateway
TOR2(config-if-OverlayRouter100)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR2(config-if-OverlayRouter 100)# exit
TOR2(config)# vxlan 10
TOR2(config-vxlan)# extend-vlan 10
TOR2(config-vxlan)# router-interface OverlayRouter 10
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
TOR2(config-vxlan)# router-interface OverlayRouter 20
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# extend-vlan 100
TOR2(config-vxlan)# router-interface OverlayRouter 100
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2(config-router)# neighbor 2.2.2.2 remote-as 64512
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TOR2(config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 2.2.2.2 activate
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 10
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
Verification



Verify that HOST-1, HOST-2, HOST-4, and HOST-5 can ping each other.



Verify that HOST-3 and HOST-6 can ping each other.



Verify that HOST-1, HOST-2, HOST-4, and HOST-5 cannot ping HOST-3 and HOST-6.



VerifythatthevirtualmachinescanbemigratedbetweenthehostsonthesameVXLANand canaccessthe
network normally after migration without modifying the configuration.

TOR1#sho vxlan
VXLAN Total Count: 3
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

: OverlayRouter 10 (anycast)

Extend VLAN

10

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

: OverlayRouter 20 (anycast)

Extend VLAN

20

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface
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---------------------- --------------- --------------- ------OverlayTunnel6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 100
Symmetric property : FALSE
RouterInterface

: OverlayRouter 100 (anycast)

Extend VLAN

100

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel6145

2.2.2.2

3.3.3.3

dynamic

Common Errors
Whensymmetricdeploymentisdisabled,allTORswitchesofthesameVRFnetworkmusthavealltheVXLANgatewaysofthe
VRF network configured on them. For example, VRF-10 includes VXLAN 10 and VXLAN 20, and therefore all gateways of VXLAN
10 and VXLAN 20 must be configured on TOR-1 and TOR-2. Otherwise, VXLAN 10 and VXLAN 20 cannot communicate with each
other If you expect to deploy only required gateways instead of deploying all gateways on allTOR switches, apply symmetric
deployment. For details, see section“Configuring EVPN-based Multi-tenant Distributed Scenario (Symmetric Deployment)."
MakesurethattheglobalanycastMACaddressisnotthesameasthatofanydeviceontheVXLAN.

2.4.2.4 Configuring EVPN-based Multi-tenant Distributed Scenario
(Symmetric Deployment)
Scenario
Figure 2- 26
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Configuration



Configure an IPv4 unicast routing protocol such as the OSPF protocol on CORE, TOR-1, and TOR-2 to ensure that
unicast routes are reachable.

Steps



Configure the BGP-EVPN routing protocol on CORE,TOR-1, andTOR-2 to establish BGP neighbor relationships
between the four devices and to support the EVPN protocol family.



Configure the EVI for BGP-EVPN on TOR-1 and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.



Associate the VTEP with loopback interface on TOR-1 and TOR-2 to establish tunnels.



Configure the anycast gateway MAC address on TOR-1 and TOR-2 to ensure that all VXLAN anycast gateways on the
network use the same MAC address.



Create VXLAN 10, VXLAN20, and VXLAN 100 on TOR-1 and associate them with VLANs.



Create VXLAN 10 and VXLAN 100 on TOR-2 and associate them with VLANs.



Create overlay router interfaces for VXLAN 10, VXLAN 20, and VXLAN 100 onTOR-1 and TOR-2 (TOR-2 do not have
VXLAN 20), and configure the VXLAN gateway IP address for them. Configure different VRF networks for different
overlayrouterinterfacestodetermine their respectivetenants.Configuretheanycast gateway toensurethat all
VXLAN gateways on the network use the same IP address and MAC address. As the anycast gateway function is
enabled, the overlay router interfaces associated with the same VXLAN on TOR-1 and TOR-2 must be configured
with the same VXLAN gateway IP address.



Create VXLAN 11 and VXLAN 101 on TOR-1 and TOR-2 and configure them as symmetric VXLANs to serve as L3
routing VXLAN of the corresponding VRF networks. L3 routes between all VXLANs of the same VRF network are
advertisedvia the symmetricVXLANs. In addition, the symmetricVXLANs are also used for L3 routing and
forwarding.



Create overlay router interfaces for VXLAN 11 and VXLAN 101 on TOR-1 and TOR-2. Configure different VRF
networks for the overlay router interfaces. VXLAN 11 and VXLAN 101 serve as the symmetric VXLANs of the
corresponding VRFnetworks.
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AssociateVXLAN instances with overlay router interfaces on TOR-1 and TOR-2 to realize VXLAN routing.



(Optional) Configure ARP suppression onTOR-1 and TOR-2 toreduce the ARP packets entering theVXLAN.
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(Optional) Configure ARP proxy on the overlay router interfaces belonging to the L2-VNIs (VXLANs 10, 20, and 100)
on TOR-1 and TOR-2 so that the traffic of hosts in the same VXLAN is forwarded at L3. This function needs to be
enabled together with ARP suppression. The configuration command is route-in-vni.



(Optional) Configure no synchronization of EVPN entries in ARP proxy deployment scenario: On the L2-VNI VXLAN
instances (VXLANs 10, 20, and 100) on TOR-1 and TOR-2, configure not to advertise or receive MAC-only EVPN
type-2 routes.


Configure not to advertise EVPN MAC-only type-2 routes to reduce EVPN route synchronization between
devices. The configuration command is evpn mac advertise disable.



Configure not to deliver MAC entries synchronized by EVPNs to reduce the occupancy of hardware entry
resources. The configuration command is evpn mac inactive.

The two commands above can be configured independently and they do not affect each other.



(Optional) Configure no synchronization of EVPN entries in scenarios where ARP proxy is not deployed: On the
L2-VNI VXLAN instances (VXLANs 10, 20, and 100) on TOR-1 and TOR-2, configure not to advertise EVPN MAC-only
type-2 routes and configure to extract MAC addresses from MAC-IP type-2 routes.


Configure not to advertise EVPN MAC-only type-2 routes to reduce EVPN route synchronization between
devices. The configuration command is evpn mac advertise disable.



Configure to extract MAC addresses from MAC-IP type-2 routes so that the device can learn MAC entries even
if neighbors do not adverse MAC-only type-2 routes. The configuration command is evpn arp mac-learning
enable.



The two commands above must be used in combination. Otherwise, the device cannot learn MAC entries from
neighbors and L2 forwarding cannot implemented in VXLANs.

HOST

Configuring the IP address and gateway according to Figure 2-26 (the detailed configuration on the server is omitted
herein).

CORE

VXLAN may be not configured on the core switches. The configuration of the OSPF and BGP is omitted herein.

TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# exit
TOR1(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR1(config)# ip vrf vrf-10
TOR1(config-vrf)# rd 10:10
TOR1(config-vrf)# route-target both 1000:1000
TOR1(config-vrf)# exit
TOR1(config)# ip vrf vrf-20
TOR1(config-vrf)# rd 20:20
TOR1(config-vrf)# route-target both 2000:2000
TOR1(config-vrf)# exit
TOR1(config)# int overlayrouter 10
TOR1(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
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TOR1(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR1(config-if-OverlayRouter 10)# anycast-gateway
TOR1(config-if-OverlayRouter10)#route-in-vni //Optional.ItisusedtoenableARPproxyandneedstobeusedin
combination with the arp suppress enable command.
TOR1(config-if-OverlayRouter 10)# exit
TOR1(config)# int overlayrouter 20
TOR1(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
TOR1(config-if-OverlayRouter 20)# anycast-gateway
TOR1(config-if-OverlayRouter20)#route-in-vni //Optional.ItisusedtoenableARPproxyandneedstobeusedin
combination with the arp suppress enable command.
TOR1(config-if-OverlayRouter 20)# exit
TOR1(config)# int overlayrouter 11
TOR1(config-if-OverlayRouter 11)# anycast-gateway
TOR1(config-if-OverlayRouter 11)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 11)# exit
TOR1(config)# int overlayrouter 100
TOR1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
TOR1(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
TOR1(config-if-OverlayRouter 100)# anycast-gateway
TOR1(config-if-OverlayRouter 100)# route-in-vni
TOR1(config-if-OverlayRouter 100)# exit
TOR1(config)# int overlayrouter 101
TOR1(config-if-OverlayRouter 101)# ip vrf forwarding vrf-20
TOR1(config-if-OverlayRouter 101)# exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# router-interface OverlayRouter 10
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)#evpn mac advertise disable
TOR1(config-vxlan)#evpn mac inactive
TOR1(config-vxlan)#evpn arp mac-learning enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)#evpn mac advertise disable //Optional.
TOR1(config-vxlan)#evpn mac inactive //Optional. In ARP proxy deployment scenarios, it is used to reduce the
synchronization of EVPN entries.
TOR1(config-vxlan)#evpnarpmac-learningenable //Optional.InscenariosinwhichARPproxyisnotdeployed,itis
used to reduce the synchronization of EVPN entries.
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 11
TOR1(config-vxlan)# symmetric
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TOR1(config-vxlan)# router-interface OverlayRouter 11
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 100
TOR1(config-vxlan)# extend-vlan 100
TOR1(config-vxlan)# router-interface OverlayRouter 100
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)#evpn mac advertise disable //Optional.
TOR1(config-vxlan)#evpn mac inactive //Optional. In ARP proxy deployment scenarios, it is used to reduce the
synchronization of EVPN entries.
TOR1(config-vxlan)#evpnarpmac-learningenable //Optional.InscenariosinwhichARPproxyisnotdeployed,itis
used to reduce the synchronization of EVPN entries.
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 101
TOR1(config-vxlan)# symmetric
TOR1(config-vxlan)# router-interface OverlayRouter 101
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR1(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
TOR1(config-router-af)# neighbor 3.3.3.3 activate
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 11
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 100
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 101
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if- Loopback 1)# ip address 3.3.3.3/32
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TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR2(config)# ip vrf vrf-10
TOR2(config-vrf)# rd 10:10
TOR2(config-vrf)# route-target both 1000:1000
TOR2(config-vrf)# exit
TOR2config)# ip vrf vrf-20
TOR2(config-vrf)# rd 20:20
TOR2(config-vrf)# route-target both 2000:2000
TOR2(config-vrf)# exit
TOR2(config)# int overlayrouter 10
TOR2(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR2(config-if-OverlayRouter 10)# anycast-gateway
TOR2(config-if-OverlayRouter 10)# route-in-vni //Optional. It is used to enable ARP proxy and needs to be used in
combination with the arp suppress enable command.
TOR2(config-if-OverlayRouter 10)# exit
TOR2(config)# int overlayrouter 11
TOR2(config-if-OverlayRouter 11)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 11)# exit
TOR2(config)# int overlayrouter 100
TOR2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-20
TOR2(config-if-OverlayRouter 100)# ip address 10.1.3.1/24
TOR2(config-if-OverlayRouter 100)# anycast-gateway
TOR2(config-if-OverlayRouter 100)# route-in-vni
TOR2(config-if-OverlayRouter 100)# exit
TOR2(config)# int overlayrouter 101
TOR2(config-if-OverlayRouter 101)# ip vrf forwarding vrf-20
TOR2(config-if-OverlayRouter 101)# exit
TOR2(config)# vxlan 10
TOR2(config-vxlan)# extend-vlan 10
TOR2(config-vxlan)# router-interface OverlayRouter 10
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)#evpn mac advertise disable //Optional.
TOR2(config-vxlan)#evpn mac inactive //Optional. In ARP proxy deployment scenarios, it is used to reduce the
synchronization of EVPN entries.
TOR2(config-vxlan)#evpnarpmac-learningenable //Optional.InscenariosinwhichARPproxyisnotdeployed,itis
used to reduce the synchronization of EVPN entries.
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 11
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TOR2(config-vxlan)# symmetric
TOR2(config-vxlan)# router-interface OverlayRouter 11
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# extend-vlan 100
TOR2(config-vxlan)# router-interface OverlayRouter 100
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)#evpn mac advertise disable //Optional.
TOR2(config-vxlan)#evpn mac inactive //Optional. In ARP proxy deployment scenarios, it is used to reduce the
synchronization of EVPN entries.
TOR2(config-vxlan)#evpnarpmac-learningenable //Optional.InscenariosinwhichARPproxyisnotdeployed,itis
used to reduce the synchronization of EVPN entries.
TOR2(config-vxlan)# exit
TOR2(config)# int overlayrouter 101
TOR2(config-vxlan)# symmetric
TOR2(config-vxlan)# router-interface OverlayRouter 101
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2(config-router)# neighbor 2.2.2.2 remote-as 64512
TOR2(config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 2.2.2.2 activate
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 10
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 11
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 101
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
Verification
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VerifythatHOST-1,HOST-2,and HOST-4can pingeachother.



Verify that HOST-3 and HOST-6 can ping each other.



Verify that HOST-1, HOST-2, and HOST-4 cannot ping HOST-3 and HOST-6.
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Verify that the virtual machines can be migrated between the hosts on the same VXLAN and can access the
network normally after migration without modifying the configuration.

TOR1#sho vxlan
VXLAN Total Count: 5
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

: OverlayRouter 10 (anycast)

Extend VLAN

10

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 11
Symmetric property : TRUE
RouterInterface
Extend VLAN

: OverlayRouter 11 (anycast)
:-

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

: OverlayRouter 20 (anycast)

Extend VLAN

20

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 100
Symmetric property : FALSE
RouterInterface

: OverlayRouter 100 (anycast)

Extend VLAN

100

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 6145

2.2.2.2

3.3.3.3

dynamic

VXLAN 101
Symmetric property : TRUE
RouterInterface

: OverlayRouter 101 (anycast)

ExtendVLAN

:-

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel6145

2.2.2.2

3.3.3.3

dynamic

Common Errors
Make sure that the global anycast MAC address is not the same as that of any device on the VXLAN.

2.4.2.5 Configuring

EVPN-based

Single-tenant

VXLAN

Routing

Scenario
Scenario
Figure 2- 27

Configuration



Steps

Configure an IPv4 unicast routing protocol such as the OSPF protocol on Border-1, Border-2, TOR-1, and TOR-2 to
ensure that unicast routes are reachable.



Configure the BGP-EVPN routing protocol on Border-1, Border-2, TOR-1, and TOR-2 to establish BGP neighbor
relationships between the devices (except between Border-1 and Border-2) and to support the EVPN protocol
family.
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Configure the EVI for BGP-EVPN on TOR-1 and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.



AssociatetheVTEP withthe loopback interfaceonTOR-1,TOR-2, Border-1, and Border-2toestablishtunnels.
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Configure the anycast gateway MAC address on TOR-1 and TOR-2 to ensure that all VXLAN anycast gateways on the
network use the same MAC address.



CreateVXLAN 10 and VXLAN 20 onTOR-1 and associate them with VLANs.



CreateVXLAN 10 and VXLAN 20 onTOR-2 and associate them with VLANs.



Create VXLAN 90 on Border-1 and associate VXLAN 90 with aVLAN.



Create VXLAN 90 on Border-2 and associate VXLAN 90 with aVLAN.



Createoverlay router interfaces forVXLAN10 andVXLAN 20onTOR-1 andTOR-2, and configuretheVXLAN
gatewayIPaddressfor them.Configure thesameVRFnetworkfor theoverlayrouter interfacestodetermine their
respective tenants. Configure the anycast gateway to ensure that all VXLAN gateways on the network use the same
IP address and MAC address. As the anycast gateway function is enabled, the overlay router interfaces associated
with the same VXLAN on TOR-1 and TOR-2 must be configured with the sameVXLAN gateway IP address.



CreateVXLAN100 onTOR-1,TOR-2,Border-1,and Border-2.ConfigureVXLAN100 as asymmetric VXLAN to serve as
theL3routingVXLANofthecorrespondingVRFnetwork.L3routesbetweenallVXLANsofthesameVRFnetwork
are advertised via the symmetric VXLAN. In addition, the symmetric VXLAN is also used for L3 routing and
forwarding.



Create overlay router interfaces for VXLAN 100 on TOR-1 and TOR-2 and configure the same VRF network for the
overlay router interfaces. VXLAN 100 serves as the symmetric VXLAN of the VRF network.



Create overlay router interfaces for VXLAN 100 on Border-1 and Border-2, and configure the same VRF network for
theoverlayrouterinterfaces,sothatVXLAN100servesasthesymmetricVXLANoftheVRFnetwork.Configure
VXLAN gateway IP addresses for Border-1 and Border-2 (different IP addresses for different devices).



Create overlay router interfaces for VXLAN 90 on Border-1 and Border-2. Configure the same VRF network for the
overlay router interfaces and configure the VXLAN gateway IP address.



AssociateVXLAN instances with overlay router interfaces onTOR-1,TOR-2, Border-1, and Border-2 to realize VXLAN
routing.


HOST

(Optional) Configure ARP suppression onTOR-1 and TOR-2 toreduce the ARP packets entering theVXLAN.

Configuring the IP address and gateway according to Figure 2-27 (the detailed configuration on the server is omitted
herein).

TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 1.1.1.1/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# exit
TOR1(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR1(config)# ip vrf vrf-10
TOR1(config-vrf)# rd 10:10
TOR1(config-vrf)# route-target export 1000:1000
TOR1(config-vrf)# exit
TOR1(config)# int overlayrouter 10
TOR1(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
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TOR1(config-if-OverlayRouter 10)# anycast-gateway
TOR1(config-if-OverlayRouter 10)# exit
TOR1(config)# int overlayrouter 20
TOR1(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 20)# ip address 20.1.1.1/24
TOR1(config-if-OverlayRouter 20)# anycast-gateway
TOR1(config-if-OverlayRouter 20)# exit
TOR1(config)# int overlayrouter 100
TOR1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 100)# ip address 100.1.4.1/24
TOR1(config-if-OverlayRouter 100)#exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# router-interface OverlayRouter 10
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 100
TOR1(config-vxlan)# symmetric
TOR1(config-vxlan)# router-interface OverlayRouter 100
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1(config-router)# neighbor 2.2.2.2 remote-as 64512
TOR1(config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR1(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR1(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR1(config-router)# neighbor 4.4.4.4 remote-as 64512
TOR1(config-router)# neighbor 4.4.4.4 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
TOR1(config-router-af)# neighbor 2.2.2.2 activate
TOR1(config-router-af)# neighbor 3.3.3.3 activate
TOR1(config-router-af)# neighbor 4.4.4.4 activate
TOR1(config-router-af)#advertiseipv4unicast
TOR1(config-router-af)# exit
TOR1(config-router)# address-family ipv4 vrf vrf-10
TOR1(config-router-af)# redistribute connected
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
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TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 100
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# route-target import 1000:1000
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR2(config)# ip vrf vrf-10
TOR2(config-vrf)# rd 10:10
TOR2(config-vrf)# route-target export 1000:1000
TOR2(config-vrf)# exit
TOR2(config)# int overlayrouter 10
TOR2(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR2(config-if-OverlayRouter 10)# anycast-gateway
TOR2(config-if-OverlayRouter 10)# exit
TOR2(config)# int overlayrouter 20
TOR2(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 20)# ip address 20.1.1.1/24
TOR2(config-if-OverlayRouter 20)# anycast-gateway
TOR2(config-if-OverlayRouter 20)# exit
TOR2(config)# int overlayrouter 100
TOR2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 100)# ip address 100.1.3.1/24
TOR2(config-if-OverlayRouter 100)#exit
TOR2(config)# vxlan 10
TOR2(config-vxlan)# extend-vlan 10
TOR2(config-vxlan)# router-interface OverlayRouter 10
TOR2(config-vxlan)# arp suppress enable
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TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
TOR2(config-vxlan)# router-interface OverlayRouter 20
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# symmetric
TOR2(config-vxlan)# router-interface OverlayRouter 100
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2(config-router)# neighbor 1.1.1.1 remote-as 64512
TOR2(config-router)# neighbor 1.1.1.1 update-source loopback 1
TOR2(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR2(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR2(config-router)# neighbor 4.4.4.4 remote-as 64512
TOR2(config-router)# neighbor 4.4.4.4 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 1.1.1.1 activate
TOR2(config-router-af)# neighbor 3.3.3.3 activate
TOR2(config-router-af)# neighbor 4.4.4.4 activate
TOR2(config-router-af)#advertiseipv4unicast
TOR2(config-router-af)# exit
TOR2(config-router)# address-family ipv4 vrf vrf-10
TOR2(config-router-af)# redistribute connected
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 10
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# route-target import 1000:1000
TOR2(config-evpn-vni)# exit
Border1

Border1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
Border1(config)# interface Loopback 1
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Border1(config-if- Loopback 1)# ip address 3.3.3.3/32
Border1(config-if- Loopback 1)# exit
Border1(config)# vtep
Border1(config-vtep)# source loopback 1
Border1(config-vtep)# arp suppress enable
Border1(config-vtep)# exit
Border1(config)# fabric anycast-gateway-mac 0011.2233.2016
Border1(config)# ip vrf vrf-10
Border1(config-vrf)# rd 10:10
Border1(config-vrf)# route-target export 1000:1000
Border1(config-vrf)# exit
Border1(config)# int overlayrouter 90
Border1(config-if-OverlayRouter 90)# ip vrf forwarding vrf-10
Border1(config-if-OverlayRouter 90)# ip address 90.1.1.1/24
Border1(config-if-OverlayRouter 90)# anycast-gateway
Border1(config-if-OverlayRouter 90)# exit
Border1(config)# vxlan 90
Border1(config-vxlan)# extend-vlan 90
Border1(config-vxlan)# router-interface OverlayRouter 90
Border1(config-vxlan)# arp suppress enable
Border1(config-vxlan)# exit
Border1(config)# int overlayrouter 100
Border1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
Border1(config-if-OverlayRouter 100)# ip address 100.1.1.1/24
Border1(config-if-OverlayRouter 100)#exit
Border1(config)# vxlan 100
Border1(config-vxlan)# symmetric
Border1(config-vxlan)# router-interface OverlayRouter 100
Border1(config-vxlan)# exit
Border1(config)# router bgp 64512
Border1(config-router)# neighbor 1.1.1.1 remote-as 64512
Border1(config-router)# neighbor 1.1.1.1 update-source loopback 1
Border1(config-router)# neighbor 2.2.2.2 remote-as 64512
Border1(config-router)# neighbor 2.2.2.2 update-source loopback 1
Border1(config-router)# neighbor 4.4.4.4 remote-as 64512
Border1(config-router)# neighbor 4.4.4.4 update-source loopback 1
Border1(config-router)# address-family l2vpn evpn
Border1(config-router-af)# neighbor 1.1.1.1 activate
Border1(config-router-af)# neighbor 2.2.2.2 activate
Border1(config-router-af)# neighbor 4.4.4.4 activate
Border1(config-router-af)# advertise ipv4 unicast
Border1(config-router-af)# exit
Border1(config-router)# address-family ipv4 vrf vrf-10
Border1(config-router-af)# redistribute static
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Border1(config-router-af)# exit
Border1(config-router)# exit
Border1(config)# evpn
Border1(config-evpn)# vni 100
Border1(config-evpn-vni)# rd auto
Border1(config-evpn-vni)# route-target both auto
Border1(config-evpn-vni)# route-target import 1000:1000
Border1(config-evpn-vni)# exit
Border2

Border2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
Border2(config)# interface Loopback 1
Border2(config-if- Loopback 1)# ip address 4.4.4.4/32
Border2(config-if- Loopback 1)# exit
Border2(config)# vtep
Border2(config-vtep)# source loopback 1
Border2(config-vtep)# arp suppress enable
Border2(config-vtep)# exit
Border2(config)# fabric anycast-gateway-mac 0011.2233.2016
Border2(config)# ip vrf vrf-10
Border2(config-vrf)# rd 10:10
Border2(config-vrf)# route-target export 1000:1000
Border2(config-vrf)# exit
Border2(config)# int overlayrouter 90
Border2(config-if-OverlayRouter 90)# ip vrf forwarding vrf-10
Border2(config-if-OverlayRouter 90)# ip address 90.1.2.1/24
Border2(config-if-OverlayRouter 90)# anycast-gateway
Border2(config-if-OverlayRouter 90)# exit
Border2(config-vxlan)# arp suppress enable
Border2(config-vxlan)# exit
Border2(config)# int overlayrouter 100
Border2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
Border2(config-if-OverlayRouter 100)# ip address 100.1.2.1/24
Border2(config-if-OverlayRouter 100)#exit
Border2(config)# vxlan 90
Border2(config-vxlan)# extend-vlan 90
Border2(config-vxlan)# router-interface OverlayRouter 90
Border2(config-vxlan)# arp suppress enable
Border2(config-vxlan)# exit
Border2(config)# vxlan 100
Border2(config-vxlan)# symmetric
Border2(config-vxlan)# router-interface OverlayRouter 100
Border2(config-vxlan)# exit
Border2(config)# router bgp 64512
Border2(config-router)# neighbor 1.1.1.1 remote-as 64512
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Border2(config-router)# neighbor 1.1.1.1 update-source loopback 1
Border2(config-router)# neighbor 2.2.2.2 remote-as 64512
Border2(config-router)# neighbor 2.2.2.2 update-source loopback 1
Border2(config-router)# neighbor 3.3.3.3 remote-as 64512
Border2(config-router)# neighbor 3.3.3.3 update-source loopback 1
Border2(config-router)# address-family l2vpn evpn
Border2(config-router-af)# neighbor 1.1.1.1 activate
Border2(config-router-af)# neighbor 2.2.2.2 activate
Border2(config-router-af)# neighbor 3.3.3.3 activate
Border2(config-router-af)# advertise ipv4 unicast
Border2(config-router-af)# exit
Border2(config-router)# address-family ipv4 vrf vrf-10
Border2(config-router-af)# redistribute static
Border2(config-router-af)# exit
Border2(config-router)# exit
Border2(config)# evpn
Border2(config-evpn)#vni 100
Border2(config-evpn-vni)# rd auto
Border2(config-evpn-vni)# route-target both auto
Border2(config-evpn-vni)# route-target import 1000:1000
Border2(config-evpn-vni)# exit
Verification



Verify that HOST-1, HOST-2, HOST-3, and HOST-4 can ping each other.



Verify that the virtual machines can be migrated between the HOSTs on the same VXLAN and can access the
network normally after migration without modifying the configuration.

Border1# sh vxlan
VXLAN Total Count: 3
VXLAN Capacity

: 8000

VXLAN 90
Symmetric property : FALSE
RouterInterface
Extend VLAN

: overlayrouter 90 (anycast)
90

VTEP Adjacency Count: 1
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6146

3.3.3.3

2.2.2.2

dynamic

VXLAN 100
Symmetric property : TRUE
RouterInterface
Extend VLAN

: overlayrouter 100 (non-anycast)
:-

VTEP Adjacency Count: 1
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 6146

3.3.3.3

2.2.2.2

dynamic

2.4.2.6 Configuring EVPN-based Multi-tenant VXLAN Routing Scenario
Scenario
Figure 2- 28

Configuration



Steps

Configure an IPv4 unicast routing protocol such as the OSPF protocol on Border-1, Border-2, TOR-1, and TOR-2 to
ensure that unicast routes are reachable.



Configure the BGP-EVPN routing protocol on Border-1, Border-2, TOR-1, and TOR-2 to establish BGP neighbor
relationships between the devices (except between Border-1 and Border-2) and to support the EVPN protocol
family.



Configure the EVI for BGP-EVPN on TOR-1 and TOR-2. For details, see BGP-EVPN Configuration Guide.



Configure a VXLAN on the virtual server and designate the gateway address of the virtual machine.



AssociatetheVTEP withthe loopback interfaceonTOR-1,TOR-2, Border-1, and Border-2toestablishtunnels.



Configure the anycast gateway MAC address on TOR-1 and TOR-2 to ensure that all VXLAN anycast gateways on the
network use the same MAC address.



CreateVXLAN10,VXLAN 20,andVXLAN 30 onTOR-1 and associatethem withVLANs.



CreateVXLAN10,VXLAN 20,andVXLAN 30 onTOR-2 and associatethem withVLANs.



Create VXLAN 90 on Border-1 and associate VXLAN 90 with aVLAN.



Create VXLAN 90 on Border-2 and associate VXLAN 90 with aVLAN.



Create overlay router interfaces for VXLAN 10, VXLAN 20, and VXLAN 30 on TOR-1 and TOR-2 and configure the
VXLAN gateway IP address for them. Configure different VRF networks for different overlay router interfaces to
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determine their respective tenants. Configure the anycast gateway to ensure that all VXLAN gateways on the
network use the same IP address and MAC address. As the anycast gateway function is enabled, the overlay router
interfaces associated with the same VXLAN on TOR-1 and TOR-2 must be configured with the same VXLAN gateway
IP address.



Create overlay router interfaces for VXLAN 100 and VXLAN 200 on TOR-1 and TOR-2 and configure different VRF
networksfortheoverlayrouterinterfaces.VXLAN100andVXLAN200serveasthesymmetricVXLANsofthe
corresponding VRFnetworks.



Create overlay router interfaces for VXLAN 100 and VXLAN 200 on Border-1 and Border-2. Configure different VRF
networks for the overlay router interfaces so that VXLAN 100 and VXLAN 200 serve as the symmetric VXLANs of the
correspondingVRFnetworks.ConfigureVXLANgateway IPaddressesforBorder-1and Border-2(differentIP
addresses for different devices).



Create overlay router interfaces for VXLAN 90 on Border-1 and Border-2. Configure different VRF networks for the
OverlayRouter interfaces and configure the VXLAN gateway IP address.



AssociateVXLAN instances with overlay router interfaces onTOR-1,TOR-2, Border-1, and Border-2 to realize VXLAN
routing.


HOST

(Optional) Configure ARP suppression onTOR-1 and TOR-2 toreduce the ARP packets entering theVXLAN.

Configuring the IP address and gateway according to Figure 2- 28 (the detailed configuration on the server is omitted
herein).

TOR1

TOR1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback1)# ipaddress 1.1.1.1/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR1(config-vtep)# exit
TOR1(config)# ip vrf vrf-10
TOR1(config-vrf)# rd 10:10
TOR1(config-vrf)# route-target export 1000:1000
TOR1(config-vrf)# exit
TOR1(config)# ip vrf vrf-20
TOR1(config-vrf)# rd 20:20
TOR1(config-vrf)# route-target export 2000:2000
TOR1(config-vrf)# exit
TOR1(config)# int overlayrouter 10
TOR1(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR1(config-if-OverlayRouter 10)# anycast-gateway
TOR1(config-if-OverlayRouter 10)# exit
TOR1(config-vxlan)# exit
TOR1(config)# int overlayrouter 20
TOR1(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
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TOR1(config-if-OverlayRouter 20)# ip address 20.1.1.1/24
TOR1(config-if-OverlayRouter 20)# anycast-gateway
TOR1(config-if-OverlayRouter 20)# exit
TOR1(config)# int overlayrouter 30
TOR1(config-if-OverlayRouter 30)# ip vrf forwarding vrf-20
TOR1(config-if-OverlayRouter 30)# ip address 30.1.1.1/24
TOR1(config-if-OverlayRouter 30)# anycast-gateway
TOR1(config-if-OverlayRouter 30)# exit
TOR1(config)# int overlayrouter 100
TOR1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
TOR1(config-if-OverlayRouter 100)# ip address 100.1.4.1/24
TOR1(config-if-OverlayRouter 100)#exit
TOR1(config)# int overlayrouter 200
TOR1(config-if-OverlayRouter 200)# ip vrf forwarding vrf-20
TOR1(config-if-OverlayRouter 200)# ip address 200.1.4.1/24
TOR1(config-if-OverlayRouter 200)#exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# router-interface OverlayRouter 10
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 100
TOR1(config-vxlan)# symmetric
TOR1(config-vxlan)# router-interface OverlayRouter 100
TOR1(config)# vxlan 30
TOR1(config-vxlan)# extend-vlan 30
TOR1(config-vxlan)# router-interface OverlayRouter 30
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 200
TOR1(config-vxlan)# symmetric
TOR1(config-vxlan)# router-interface OverlayRouter 200
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 64512
TOR1(config-router)# neighbor 2.2.2.2 remote-as 64512
TOR1(config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR1(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR1(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR1(config-router)# neighbor 4.4.4.4 remote-as 64512
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TOR1(config-router)# neighbor 4.4.4.4 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
TOR1(config-router-af)# neighbor 2.2.2.2 activate
TOR1(config-router-af)# neighbor 3.3.3.3 activate
TOR1(config-router-af)# neighbor 4.4.4.4 activate
TOR1(config-router-af)#advertiseipv4unicast
TOR1(config-router-af)# exit
TOR1(config-router)# address-family ipv4 vrf vrf-10
TOR1(config-router-af)# redistribute connected
TOR1(config-router-af)# exit
TOR1(config-router)# address-family ipv4 vrf vrf-20
TOR1(config-router-af)# redistribute connected
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 30
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 100
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# route-target import 1000:1000
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 200
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# route-target import 2000:2000
TOR1(config-evpn-vni)# exit
TOR2

TOR2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
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TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# fabric anycast-gateway-mac 0011.2233.2016
TOR2(config)# ip vrf vrf-10
TOR2(config-vrf)# rd 10:10
TOR2(config-vrf)# route-target export 1000:1000
TOR2(config-vrf)# exit
TOR2(config)# ip vrf vrf-20
TOR2(config-vrf)# rd 20:20
TOR2(config-vrf)# route-target export 2000:2000
TOR2(config-vrf)# exit
TOR2(config)# int overlayrouter 10
TOR2(config-if-OverlayRouter 10)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR2(config-if-OverlayRouter 10)# anycast-gateway
TOR2(config-if-OverlayRouter 10)# exit
TOR2(config)# int overlayrouter 20
TOR2(config-if-OverlayRouter 20)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 20)# ip address 20.1.1.1/24
TOR2(config-if-OverlayRouter 20)# anycast-gateway
TOR2(config-if-OverlayRouter 20)# exit
TOR2(config)# int overlayrouter 100
TOR2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
TOR2(config-if-OverlayRouter 100)# ip address 100.1.3.1/24
TOR2(config-if-OverlayRouter 100)#exit
TOR2(config)# int overlayrouter 30
TOR2(config-if-OverlayRouter 30)# ip vrf forwarding vrf-20
TOR2(config-if-OverlayRouter 30)# ip address 30.1.1.1/24
TOR2(config-if-OverlayRouter 30)# anycast-gateway
TOR2(config-if-OverlayRouter 30)# exit
TOR2(config)# vxlan 30
TOR2(config-vxlan)# router-interface OverlayRouter 30
TOR2(config)# int overlayrouter 200
TOR2(config-if-OverlayRouter 200)# ip vrf forwarding vrf-20
TOR2(config-if-OverlayRouter 200)# ip address 200.1.3.1/24
TOR2(config-if-OverlayRouter 200)#exit
TOR2(config)# vxlan 10
TOR2(config-vxlan)# extend-vlan 10
TOR2(config-vxlan)# router-interface OverlayRouter 10
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
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TOR2(config-vxlan)# router-interface OverlayRouter 20
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 100
TOR2(config-vxlan)# symmetric
TOR2(config-vxlan)# router-interface OverlayRouter 100
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 30
TOR2(config-vxlan)# extend-vlan 30
TOR2(config-vxlan)# router-interface OverlayRouter 30
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 200
TOR2(config-vxlan)# symmetric
TOR2(config-vxlan)# router-interface OverlayRouter 200
TOR2(config-vxlan)# exit
TOR2(config)# router bgp 64512
TOR2(config-router)# neighbor 1.1.1.1 remote-as 64512
TOR2(config-router)# neighbor 1.1.1.1 update-source loopback 1
TOR2(config-router)# neighbor 3.3.3.3 remote-as 64512
TOR2(config-router)# neighbor 3.3.3.3 update-source loopback 1
TOR2(config-router)# neighbor 4.4.4.4 remote-as 64512
TOR2(config-router)# neighbor 4.4.4.4 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 1.1.1.1 activate
TOR2(config-router-af)# neighbor 3.3.3.3 activate
TOR2(config-router-af)# neighbor 4.4.4.4 activate
TOR2(config-router-af)#advertiseipv4unicast
TOR2(config-router-af)# exit
TOR2(config-router)# address-family ipv4 vrf vrf-10
TOR2(config-router-af)# redistribute connected
TOR2(config-router-af)# exit
TOR2(config-router)# address-family ipv4 vrf vrf-20
TOR2(config-router-af)# redistribute connected
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 10
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
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TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 30
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 100
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# route-target import 1000:1000
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 200
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# route-target import 2000:2000
TOR2(config-evpn-vni)# exit
Border1

Border1# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
Border1(config)# interface Loopback 1
Border1(config-if- Loopback 1)# ip address 3.3.3.3/32
Border1(config-if- Loopback 1)# exit
Border1(config)# vtep
Border1(config-vtep)# source loopback 1
Border1(config-vtep)# arp suppress enable
Border1(config-vtep)# exit
Border1(config)# fabric anycast-gateway-mac 0011.2233.2016
Border1(config)# ip vrf vrf-10
Border1(config-vrf)# rd 10:10
Border1(config-vrf)# route-target export 1000:1000
Border1(config-vrf)# route-target import 3000:3000
Border1(config-vrf)# exit
Border1(config)# ip vrf vrf-20
Border1(config-vrf)# rd 20:20
Border1(config-vrf)# route-target export 2000:2000
Border1(config-vrf)# route-target import 3000:3000
Border1(config-vrf)# exit
Border1(config)# ip vrf vrf-30
Border1(config-vrf)# rd 30:30
Border1(config-vrf)# route-target export 3000:3000
Border1(config-vrf)# route-target import 1000:1000
Border1(config-vrf)# route-target import 2000:2000
Border1(config-vrf)# exit
Border1(config)# int overlayrouter 90
Border1(config-if-OverlayRouter 90)# ip vrf forwarding vrf-30
Border1(config-if-OverlayRouter 90)# ip address 90.1.1.1/24
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Border1(config-if-OverlayRouter 90)# anycast-gateway
Border1(config-if-OverlayRouter 90)# exit
Border1(config)# int overlayrouter 100
Border1(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
Border1(config-if-OverlayRouter 100)# ip address 100.1.1.1/24
Border1(config-if-OverlayRouter 100)#exit
Border1(config)# int overlayrouter 200
Border1(config-if-OverlayRouter 200)# ip vrf forwarding vrf-20
Border1(config-if-OverlayRouter 200)# ip address 200.1.1.1/24
Border1(config-if-OverlayRouter 200)#exit
Border1(config)# vxlan 90
Border1(config-vxlan)# extend-vlan 90
Border1(config-vxlan)# router-interface OverlayRouter 90
Border1(config-vxlan)# arp suppress enable
Border1(config-vxlan)# exit
Border1(config)# vxlan 100
Border1(config-vxlan)# symmetric
Border1(config-vxlan)# router-interface OverlayRouter 100
Border1(config-vxlan)# exit
Border1(config)# vxlan 200
Border1(config-vxlan)# symmetric
Border1(config-vxlan)# router-interface OverlayRouter 200
Border1(config-vxlan)# exit
Border1(config)# router bgp 64512
Border1(config-router)# neighbor 1.1.1.1 remote-as 64512
Border1(config-router)# neighbor 1.1.1.1 update-source loopback 1
Border1(config-router)# neighbor 2.2.2.2 remote-as 64512
Border1(config-router)# neighbor 2.2.2.2 update-source loopback 1
Border1(config-router)# neighbor 4.4.4.4 remote-as 64512
Border1(config-router)# neighbor 4.4.4.4 update-source loopback 1
Border1(config-router)# address-family l2vpn evpn
Border1(config-router-af)# neighbor 1.1.1.1 activate
Border1(config-router-af)# neighbor 2.2.2.2 activate
Border1(config-router-af)# neighbor 4.4.4.4 activate
Border1(config-router-af)# advertise ipv4 unicast
Border1(config-router-af)# exit
Border1(config-router)# address-family ipv4 vrf vrf-10
Border1(config-router-af)# exit
Border1(config-router)# address-family ipv4 vrf vrf-20
Border1(config-router-af)# exit
Border1(config-router)# address-family ipv4 vrf vrf-30
Border1(config-router-af)# redistribute static
Border1(config-router-af)# exit
Border1(config-router)# exit
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Border1(config)# evpn
Border1(config-evpn)# vni 100
Border1(config-evpn-vni)# rd auto
Border1(config-evpn-vni)# route-target both auto
Border1(config-evpn-vni)# route-target import 3000:3000
Border1(config-evpn-vni)# exit
Border1(config-evpn)# vni 200
Border1(config-evpn-vni)# rd auto
Border1(config-evpn-vni)# route-target both auto
Border1(config-evpn-vni)# route-target import 3000:3000
Border1(config-evpn-vni)# exit
Border2

Border2# configure terminal
Enter configurationcommands,oneper line. EndwithCNTL/Z.
Border2(config)# interface Loopback 1
Border2(config-if- Loopback 1)# ip address 4.4.4.4/32
Border2(config-if- Loopback 1)# exit
Border2(config)# vtep
Border2(config-vtep)# source loopback 1
Border2(config-vtep)# arp suppress enable
Border2(config-vtep)# exit
Border2(config)# fabric anycast-gateway-mac 0011.2233.2016
Border2(config)# ip vrf vrf-10
Border2(config-vrf)# rd 10:10
Border2(config-vrf)# route-target export 1000:1000
Border2(config-vrf)# route-target import 3000:3000
Border2(config-vrf)# exit
Border2(config)# ip vrf vrf-20
Border2(config-vrf)# rd 20:20
Border2(config-vrf)# route-target export 2000:2000
Border2(config-vrf)# route-target import 3000:3000
Border2(config-vrf)# exit
Border2(config)# ip vrf vrf-30
Border2(config-vrf)# rd 30:30
Border2(config-vrf)# route-target export 3000:3000
Border2(config-vrf)# route-target import 1000:1000
Border2(config-vrf)# route-target import 2000:2000
Border2(config-vrf)# exit
Border2(config)# int overlayrouter 90
Border2(config-if-OverlayRouter 90)# ip vrf forwarding vrf-30
Border2(config-if-OverlayRouter 90)# ip address 90.1.2.1/24
Border2(config-if-OverlayRouter 90)# anycast-gateway
Border2(config-if-OverlayRouter 90)# exit
Border2(config)# int overlayrouter 100
Border2(config-if-OverlayRouter 100)# ip vrf forwarding vrf-10
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Border2(config-if-OverlayRouter 100)# ip address 100.1.2.1/24
Border2(config-if-OverlayRouter 100)#exit
Border2(config)# int overlayrouter 200
Border2(config-if-OverlayRouter 200)# ip vrf forwarding vrf-20
Border2(config-if-OverlayRouter 200)# ip address 200.1.2.1/24
Border2(config-if-OverlayRouter 200)#exit
Border2(config)# vxlan 90
Border2(config-vxlan)# extend-vlan 90
Border2(config-vxlan)# router-interface OverlayRouter 90
Border2(config-vxlan)# arp suppress enable
Border2(config-vxlan)# exit
Border2(config)# vxlan 100
Border2(config-vxlan)# symmetric
Border2(config-vxlan)# router-interface OverlayRouter 100
Border2(config-vxlan)# exit
Border2(config)# vxlan 200
Border2(config-vxlan)# symmetric
Border2(config-vxlan)# router-interface OverlayRouter 200
Border2(config-vxlan)# exit
Border2(config)# router bgp 64512
Border2(config-router)# neighbor 1.1.1.1 remote-as 64512
Border2(config-router)# neighbor 1.1.1.1 update-source loopback 1
Border2(config-router)# neighbor 2.2.2.2 remote-as 64512
Border2(config-router)# neighbor 2.2.2.2 update-source loopback 1
Border2(config-router)# neighbor 3.3.3.3 remote-as 64512
Border2(config-router)# neighbor 3.3.3.3 update-source loopback 1
Border2(config-router)# address-family l2vpn evpn
Border2(config-router-af)# neighbor 1.1.1.1 activate
Border2(config-router-af)# neighbor 2.2.2.2 activate
Border2(config-router-af)# neighbor 3.3.3.3 activate
Border2(config-router-af)# advertise ipv4 unicast
Border2(config-router-af)# exit
Border2(config-router)# address-family ipv4 vrf vrf-10
Border2(config-router-af)# exit
Border2(config-router)# address-family ipv4 vrf vrf-20
Border2(config-router-af)# exit
Border2(config-router)# address-family ipv4 vrf vrf-30
Border2(config-router-af)# redistribute static
Border2(config-router-af)# exit
Border2(config-router)# exit
Border2(config)# evpn
Border2(config-evpn)# vni 100
Border2(config-evpn-vni)# rd auto
Border2(config-evpn-vni)# route-target both auto
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Border2(config-evpn-vni)# route-target import 3000:3000
Border2(config-evpn-vni)# exit
Border2(config-evpn)# vni 200
Border2(config-evpn-vni)# rd auto
Border2(config-evpn-vni)# route-target both auto
Border2(config-evpn-vni)# route-target import 3000:3000
Border2(config-evpn-vni)# exit
Verification



Verify that HOST-1, HOST-2, and HOST-4 can ping each other.



Verify that HOST-3 and HOST-6 can ping each other.



Verify that HOST-1, HOST-2, and HOST-4 cannot ping HOST-3 and HOST-6.



Verify that the virtual machines can be migrated between the HOSTs on the same VXLAN and can access the
network normally after migration without modifying the configuration.

Border1# sh vxlan
VXLAN Total Count: 3
VXLAN Capacity

: 8000

VXLAN 90
Symmetric property : FALSE
RouterInterface

: overlayrouter 90 (anycast)

Extend VLAN

90

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6146

3.3.3.3

2.2.2.2

dynamic

VXLAN 100
Symmetric property : TRUE
RouterInterface

: overlayrouter 100 (non-anycast)

Extend VLAN

:-

VTEP Adjacency Count: 1
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6146

3.3.3.3

2.2.2.2

dynamic

VXLAN 200
Symmetric property : TRUE
RouterInterface

: overlayrouter 200 (non-anycast)

Extend VLAN

:-

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 6146

3.3.3.3

2.2.2.2

dynamic

2.4.3 Configuring an EVPN Distributed Network to Be Compatible with Non-EVPN VTEP Devices

Configuration Effect



Enable the control plane learning function to implement VXLAN tunnel learning, MAC address learning, and route learning via
control plane protocols, thereby finally implementing VXLAN bridging, VXLAN routing, and data communication between
VXLANs and between a VXLAN and an external network.



Support functions such as anycast gateways, symmetric VXLAN instances, ARP suppression, and IPv6 ND suppression in EVPN
control plane mode.



Non-EVPN VTEP devices establish tunnels with EVPN-supported VTEP devices to implement the VXLAN bridging and forwarding
function.

Notes



VXLAN instances require the support from existing unicast routes on the network. Therefore, an IPv4 unicast routing protocol
such as OSPF must be configured on the network devices.



VXLAN needs the MP-BGP-EVPN protocol to implement VXLAN tunnel learning, MAC address learning, and route learning.
Therefore, BGP must be configured on EVPN-supported network devices.

Configuration Steps



Configuring a Loopback Interface Associated with the Local End



Mandatory for devices supporting the EVPN address family.



Configurethe IPaddressof a loopback interfaceas theIPaddress of the localVTEP.One devicecan be associatedwithonly one
loopback interface and the IP address of the loopback interface serves as the VXLAN VTEP IP address.



Ifthe L3egress isan overlay router interface during static routeconfiguration, the next-hop IPaddresscannot be set totheVTEP
IP address.



Configuring a Virtual MAC Address for Anycast Gateways



Optional.



When anycast gateways are required, a unified virtual MAC address must be configured and used as the MAC address of the
anycast gateways.The anycast function canbe enabled on theVXLAN overlay router interfaces of the local deviceonly after the
virtual MAC address is configured.



Configuring ARP Suppression



Optional.



After ARP suppression is enabled, the VTEP device responds to ARP requests from hosts as a proxy, to reduce flooded ARP data
on the network.
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ARP suppression is generally enabled on distributed gateways in distributed deployment scenarios.



Configuring ARP Proxy



Optional.



After ARP suppression is enabled on a VTEP device, you can enable the ARP proxy function on an overlay router interface.



After ARP proxy is enabled, the VTEP device responds to ARP requests from hosts as a proxy and the MAC address used for proxy
response is the gateway MAC address configured on the VTEP device. In this way, the MAC address in the ARP request responses
are the MAC address of the VTEP device, and the traffic between hosts in the same VNI is forwarded at L3.



ARP proxy can be enabled only on VXLAN gateways and is generally enabled on distributed gateways in distributed
deployment scenarios.



Configuring IPv6 ND Suppression



Optional.



After IPv6 ND suppression is enabled, the VTEP device responds to NS multicast packets from hosts as a proxy, to reduce flooded
NS multicast packets on the network.



IPv6 ND suppression is generally enabled on distributed gateways in distributed deployment scenarios.



Configuring the EVPN Protocol Packet Control Function



In symmetric EVPN deployment scenarios, the EVPN protocol packet control function can be configured on TOR switches to
reduce the traffic of EVPN packets.

Currently, the EVPN protocol packet control function includes the following:



Extracting MAC entries from EVPN MAC-IP type-2 routes (ARP entries) on a L2-VPN VXLAN instance



Extracting MAC entries from EVPN MAC-IPv6 type-2 routes (IPv6 ND entries) on a L2-VNI VXLAN instance



Banning synchronization of the local MAC address to the remote VTEP through EVPN messages on an L2-VNI VXLAN instance



Banning delivery of the MAC addresses remotely synchronized through EVPN messages to the local MAC address table on an
L2-VNI VXLAN instance



Stopping an L2-VNI VXLAN instance from generating EVPN type-2 routes



Creating a VXLAN Instance



Mandatory.



Associating the VXLAN Instance with an Overlay Router Interface



Mandatory for VXLAN gateways.



The device supports theVXLAN routing function and can serve as a VXLAN IP gateway only after the VXLAN is associated with
an overlay routerinterface.



Associating the VXLAN Instance with a VLAN



Mandatory for VXLAN devices directly connected to hosts.



Packets of a VLAN are encapsulated into VXLAN packets for forwarding only after the VLAN is associated with a VXLAN instance.
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After a VLAN is associated with a VXLAN, all packets of the VLAN will be encapsulated into VXLAN packets. Therefore, an SVI on
the device cannot be used as the IP gateway of the VLAN.



Configuring Overlay Tunnels



Mandatory for a VTEP not supporting EVPN and devices that directly communicate with the VTEP.



The type of tunnels mutually established by two VTEP devices must be the same. The tunnels are those delivered by the SDN
controller, statically configured on the CLI, or auto-discovered by EVPN.



Configuring the Source and Destination IP Addresses for Overlay Tunnels



Mandatory for a VTEP not supporting EVPN and devices that directly communicate with the VTEP.



Associating the VXLAN Instance with the Overlay Tunnels



Mandatory for a VTEP not supporting EVPN and devices that directly communicate with the VTEP.



This command is used to statically specify VXLAN tunnels.



Configuring Storm Control for the VXLAN Instance



Optional.



This function is required only when the storm rate needs to be limited for a VXLAN instance.



Configuring the VXLAN UDP Destination Port



Optional. The VXLAN UDP destination port used by early devices may not be port 4789. Youcan run this command to achieve
compatibility. In addition, you can also run this command to specify the VXLAN UDP destination port.



The VXLAN UDP destination port 4789 designated by IANA is used by default.



Configuring Symmetric Instances



Optional.



Symmetric instances need to be configured only in symmetric scenarios. Only one symmetric instance can be configured in
each VRF instance. After a symmetric instance is configured in a VRF instance, L3 forwarding in other asymmetric instances is
switched to the symmetric instance.



Configuring VXLAN Static Routes



Optional.



Configure VXLAN static routes for VXLAN instances if required.



Configuring the Synchronization of MAC Entries Whose Egresses Are Static Tunnels



Optional.



Configure this function when MAC entries with the egress of static tunnels need to be synchronized externally.



Configuring the Synchronization of ARP Entries Whose Egresses Are Static Tunnels



Optional.



Configure this function when ARP entries with the egress of static tunnels need to be synchronized externally.

Verification
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The device can establishVXLAN tunnels and obtain VXLAN MAC entries and VXLAN routing entries via EVPN control plane learning.
The tunnels and entries can be those delivered by the SDN controller or statically configured on the CLI. They implement the
inter-VTEP communication. Run the following commands for verification.



Runtheshow vxlanvni-numbercommand tocheckwhether thelocaland remoteVXLANdeviceslearn thepeerVTEPneighbor
relationships.



Run the show vxlan mac to check whether the VXLAN MAC addresses are learned.



Run the show arp command to check whether the ARP entry of the VXLAN IP gateway is learned.



Run the show ipv6 neighbors command to check whether all local/remote IPv6 ND entries are learned.



Run the show vxlan udp-port command to display the VXLAN UDP destination port.

Related Commands



Configuring a Loopback Interface Associated with the Local End

Command

source loopback loopback-port-id

Parameter

loopback-port-id: Indicates the ID of the loopback interface.

Description
Command

VTEP configuration mode

Mode
Usage Guide



The local VETP IP address is the IP address of the configured loopback interface.

Configuring a Virtual MAC Address for Anycast Gateways

Command

fabric anycast-gateway-mac mac-addr

Parameter

mac-addr: Indicates the MAC address in the format of xxxx.xxxx.xxxx.

Description
Command

Global configuration mode

Mode
Usage Guide

All gateways on which the anycast function is enabled use this MAC address as the gateway MAC address.
The virtual MAC address for anycast gateways cannot be set to the local MAC address or the MAC address of any device
on the overlay network.



Configuring Remote ARP Packet Learning

Command

remote arp learn enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the remote ARP packet learning function globally. After this function is enabled, the VXLAN gateways
will learn ARP entries from the VXLAN-encapsulated ARP packets received from VXLAN tunnels.



Configuring Remote IPv6 ND Protocol Packet Learning

Command

remote nd learn enable

Parameter

N/A
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Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the remote IPv6 ND packet learning function globally. After this function is enabled, the device can
learn IPv6 ND entries from the VXLAN-encapsulated IPv6 NS packets received from VXLAN tunnels.



Configuring Global ARP Suppression

Command

arp suppress enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
Usage Guide

Enable or disable the global ARP suppression function. After ARP suppression is enabled, the switch responds to ARP
requestsfromhosts as a proxy.TheVNI-based ARP suppression may be also supported, depending on theproduct type.
Youcan configure global ARP suppression orVNI-based ARP suppression based onthe actual application scenario.



Configuring VNI-based ARP Suppression

Command

arp suppress enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

Enable or disable VNI-based ARP suppression. After ARP suppression is enabled, the switch responds to ARP requests
from hosts as a proxy. The global ARP suppression may be also supported, depending on the product type. You can
configure global ARP suppression or VNI-based ARP suppression based on the actual application scenario.



Configuring ARP Proxy

Command

route-in-vni

Parameter

N/A

Description
Command

Overlay router interface configuration mode

Mode
Usage Guide

After the intra-VNI routing function (ARP proxy) is enabled on an overlay router interface, the VTEP device uses its
gateway MAC address to respond to all ARP requests from hosts in theVNI, to which the overlay router interface belongs,
when serving as an ARP proxy. In this way, the communication traffic between hosts in the same VNI is forwarded
through VXLAN routes.



Configuring Global IPv6 ND Suppression

Command

nd suppress enable

Parameter

N/A

Description
Command

VTEP configuration mode

Mode
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Usage Guide

Enable or disable the global IPv6 ND suppression function. After IPv6 ND suppression is enabled, the device responds to
IPv6 NS multicast packets from hosts as a proxy. The VNI-based IPv6 ND suppression may be also supported, depending
on the product type. You can configure global IPv6 ND suppression or VNI-based IPv6 ND suppression based on the
actual application scenario.



Configuring VNI-based IPv6 ND Suppression

Command

nd suppress enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

Enable or disable the VNI-based IPv6 ND suppression function. After IPv6 ND suppression is enabled, the device responds
toIPv6NSmulticastpacketsfromhostsasaproxy.TheglobalIPv6NDsuppressionmaybe alsosupported,dependingon
the product type. Youcan configure global IPv6 ND suppression or VNI-based IPv6 ND suppression based on the actual
application scenario.



Extracting MAC Entries from EVPN MAC-IP Type-2 Routes (ARP Entries)

Command

evpn arp mac-learning enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device parses one ARP entry and one MAC entry from a MAC-IP type-2 route
synchronized from the VXLAN-EVPN neighbor.
This command is disabled by default and the device parses one ARP entry but no MAC entry from a MAC-IP type-2 route
synchronized from the VXLAN-EVPN neighbor.
This command is configured on a VXLAN instance and affects only the EVPN entry parsing of the VXLAN instance. Other
VXLAN instances, for which this command is not configured, are not affected.
This command can be used in combination withthe evpn mac advertise disable command. After they are executed, the
network-wide VXLAN-EVPN neighbors synchronize only MAC-IP type-2 routes but no MAC-only type-2 routes. All devices
parse and extract MAC entries from MAC-IP type-2 routes.
In symmetric deployment scenarios, this command is configured on L3-VNI VXLAN instances (that is, symmetric
instances).



Extracting MAC Entries from EVPN MAC-IPv6 Type-2 Routes (IPv6 ND Entries)

Command

evpn nd mac-learning enable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device parses one IPv6 ND entry and one MAC entry from aMAC-IPv6 type-2 route
(IPv6 ND entry) synchronized from the VXLAN-EVPN neighbor.
This command is disabled by default and the device parses one IPv6 ND entry but no MAC entry from a MAC-IPv6 type-2
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route synchronized from the VXLAN-EVPN neighbor.
This command is configured on a VXLAN instance and affects only the EVPN entry parsing of the VXLAN instance. Other
VXLAN instances, for which this command is not configured, are not affected.
This command can be used in combination withthe evpn mac advertise disable command. After they are executed, the
network-wide VXLAN-EVPN neighbors synchronize only MAC-IPv6 type-2 routes but no MAC-only type-2 routes. All
devices parse and extract MAC entries from MAC-IPv6 type-2 routes.
This command is configured on L2-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Synchronize the Local MAC Address to the Remote VTEP Through EVPN
Messages

Command

evpn mac advertise disable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP can learn the MAC entry from the MAC-only type-2 route.
After this command is configured, the device does not generate VXLAN-EVPN MAC-only type-2 routes based on MAC
entries, and therefore, it will not advertise MAC-only type-2 routes to the EVPN neighbor.
This command is configured on a VXLAN instance and affects only whether the VXLAN instance generates MAC-only
type-2 routes. Other VXLAN instances, for which this command is not configured, can still generate MAC-only type-2
routes.
This command can be used in combination with the evpn arp mac-learning enable and evpn nd mac-learning enable
commands. After they are executed, the network-wide VXLAN-EVPN neighbors synchronize only MAC-IP type-2 routes
but no MAC-only type-2 routes. All devices parse and extract MAC entries from MAC-IP or MAC-IPv6 type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Deliver MAC Addresses Remotely Synchronized Through EVPN Messages
to the Local MAC Address Table

Command

evpn mac inactive

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

After this command is configured, the device does not learn MAC entries from VXLAN-EVPN type-2 routes (MAC-IP or
MAC-only type-2 routes) synchronized from neighbors.
This command is not configured on a device by default.The device learns MAC entries fromVXLAN-EVPN type-2 routes
synchronized from neighbors.
Thiscommand isconfigured on aVXLANinstance and affects only whether theVXLAN instance learns MAC entriesfrom
VXLAN-EVPN type-2 routes. Other VXLAN instances, for which this command is not configured, can still learn MAC entries.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.
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Configuring an L2-VNI VXLAN Instance Not to Generate EVPN Type-2 Routes

Command

evpn rt-2 advertise disable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP learns the MAC entry from the MAC-only type-2 route. In addition, the
devicegenerates one MAC-IP type-2 route through theVXLAN-EVPN protocol based on a locally learned ARP entry and
synchronizes thetype-2 routetotheEVPN neighbor.Then, theremoteVTEP learns theARP entryand hostroutefromthe
MAC-IP type-2 route. The device generates one MAC-IPv6 type-2 route through the VXLAN-EVPN protocol based on a
locallylearned IPv6 NDentry, and synchronizesthetype-2 routetotheEVPNneighbor.Then, theremoteVTEP learnsthe
IPv6 ND entry and host route from the MAC-IPv6 type-2 route. After this command is configured, the MAC entries, ARP
entries, and IPv6 ND entries of the device are not used to generate VXLAN-EVPN type-2 routes and therefore, no type-2
route is advertised to the EVPN neighbor.
Thiscommand isconfiguredonaVXLANinstanceand affectsonlywhether theVXLANinstancegenerates type-2 routes.
Other VXLAN instances, for which this command is not configured, can still generate type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Creating an Overlay Router Interface

Command

interface OverlayRouter port-id

Parameter

port-id: Indicates the ID of an overlay router interface.

Description
Command

Global configuration mode

Mode
Usage Guide

This interface serves as the VXLAN IP gateway in the VXLAN routing environment. It is similar to an SVI interface in a
VLAN.



Configuring an IP Address for the Overlay Router Interface

Command

ip address ip-address mask

Parameter

ip-address: Indicates the IP address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Interface configuration mode

Mode
Usage Guide

This IP address serves as the VXLAN IP gateway address in the VXLAN routing environment. It is similar to the IP address of
an SVI in a VLAN.



Configuring an IPv6 Address for the Overlay Router Interface

Command

ipv6 address ip-address mask

Parameter

ip-address: Indicates the IPv6 address of the overlay router interface.

Description

mask: Indicates the subnet mask.
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Command

Overlay router interface configuration mode

Mode
Usage Guide

This IPv6 address serves as the VXLAN IPv6 gateway address in the VXLAN routing environment. It is similar to the IP
address of an SVI in a VLAN.



Associating the Overlay Router Interface with a VRF Instance

Command

vrf forwarding table name

Parameter

table name: Indicates the VRF instance, with which the overlay router interface is associated.

Description
Command

Interface configuration mode

Mode
Usage Guide

This command is used to associate with a VRF instance in the VXLAN routing environment and is used for VXLAN L3
routing isolation.



Creating a VXLAN Instance or Entering the VXLAN Configuration Mode

Command

vxlan vni-number

Parameter

vni-number: Indicates the VNI. The value ranges from 1 to 16,777,215.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Configuring a Symmetric Instance

Command

symmetric

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

No symmetric instance is configured by default. A symmetric instance is used to manage L3 forwarding entries of all
asymmetric instances in the VRF instance associated with the symmetric instance.



Associating the VXLAN Instance with the Overlay Router Interface

Command

router-interface interface-name

Parameter

interface-name: Indicates the name of the overlay router interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide

The overlayrouter interfaces betweenVXLANs cannot conflict with each other and different VXLANs cannot associate
with the same overlay router interface.



Creating an Overlay Tunnel Interface

Command

interface OverlayTunnel port-id

Parameter

port-id: Indicates the ID of an overlay tunnel interface.
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Description
Command

Global configuration mode

Mode
Usage Guide

This interface is used to statically create an overlay tunnel. You can run the tunnel-interface command to associate it
with a VXLAN.



Configuring a Tunnel Source IP Address for the Overlay Tunnel Interface

Command

tunnel source ip-address

Parameter

ip-address: Indicates the tunnel source IP address.

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide

This command is used to specify the source IP address of an overlay tunnel. When packets are encapsulated and
forwarded, the outer source IP address of the packets is the source IP address of an overlay tunnel.



Configuring a Tunnel Destination IP Address for the Overlay Tunnel Interface

Command

tunnel destination ip-address

Parameter

ip-address: Indicates the tunnel destination IP address.

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide

This command is used to specify the destination IP address of an overlay tunnel. When packets are encapsulated and
forwarded, the outer destination IP address of the packets is the destination IP address of an overlay tunnel. The tunnel
destination IP address is unique globally. Different overlay tunnels cannot share the same destination IP address.
Otherwise, a configuration conflict will occur.



Associating the VXLAN Instance with the Overlay Tunnel Interface

Command

tunnel-interface interface-name

Parameter

interface-name: Indicates the name of an overlay tunnel interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide



This command is used to statically specify a VXLAN VTEP.

Configuring the VXLAN UDP Destination Port

Command

vxlan udp-port port-number

Parameter

port-number: Indicates the UDP destination port ID.The value ranges from 0 to 65535 and the default value is 4789.

Description
Command

Global configuration mode

Mode
Usage Guide



The VXLAN UDP destination port cannot be set to a commonly used UDP port.

Configuring Storm Control for the VXLAN Instance
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Command

storm-control {broadcast | multicast | unicast} [kbps-value | pps pps-value]

Parameter

kbps-value: Indicates the rate limit value, in kbit/s.

Description

pps-value: Indicates the rate limit value, in packets/second.

Command

VXLAN configuration mode

Mode
Usage Guide



Configure this function when the storm rate needs to be limited based on the VNI.

Configuring the Synchronization of MAC Entries Whose Egresses Are Static Tunnels

Command

evpn mac advertise enable

Parameter

N/A

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide



Configure this function when MAC entries with the egress of static tunnels need to be synchronized externally.

Configuring the Synchronization of ARP Entries Whose Egresses Are Static Tunnels

Command

evpn macip advertise enable

Parameter

N/A

Description
Command

Overlay tunnel interface configuration mode

Mode
Usage Guide



Configure this function when ARP entries with the egress of static tunnels need to be synchronized externally.

Configuration Example
Only configuration related to the VXLAN is described below.
Only IPv4 configuration is used as an example below and the IPv6 scenario configuration is largely the same as the IPv4 scenario
configuration.

Detailed configuration of a full mesh network:
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Scenario
Figure 2- 29

Note: Blue lines in the figure indicate the VXLAN tunnels that the manually configured VTEP-1 establishes with other
VTEPs.

Configuration



Steps

Configure an IPv4 unicast routing protocol (such as OSPF) on core switches, TOR switches, and VTEP to ensure that
unicast routes are reachable.



Configure the BGP-EVPN routing protocol on the CORE and TOR switches to ensure that the four switches establish
BGP neighbor relationships and support the EVPN protocol family.



Configure EVI for BGP-EVPN on the core and TOR switches. For details, see the BGP-EVPN Configuration Guide.



Configure VXLANs on the virtual servers and specify the gateway address for the virtual machines. (Omitted)



Associate the VTEP with the loopback interface on TOR-1 and TOR-2 for the establishment of tunnels.



Create VXLAN instances on TOR-1, TOR-2, and VTEP-1 and associate the VXLAN instances with VLANs.



Configure the same anycast gateway MAC address on TOR-1 and TOR-2 so that the VXLAN anycast gateways on the
TOR switches use the same virtual MAC address.



Create overlay router interfaces on TOR-1 and TOR-2 and configure the VXLAN gateway IP address. Configure
different VRF instances for the overlay router interfaces and determine their respective tenants.
Note that the overlay router interface configuration on TOR-1 and TOR-2 must be the same. That is, on all devices,
the IP address and mask configured for the overlay router interfaces associated with the same VXLAN instance must
be the same and such overlay router interfaces belong to the same tenant (VRF instance).
In addition, all overlay router interfaces must be configured as anycast gateways.

HOST



AssociateVXLAN instances withoverlay router interfaces onTOR-1 and TOR-2 to implement VXLAN routing.



Create VXLAN overlay tunnels on TOR-1, TOR-2, and VTEP-1 and configure the SIP and DIP.



(Optional) Configure ARP suppression onTOR-1 andTOR-2 toreduce ARP packets flowing into theVXLAN.

The detailed configuration of the servers is omitted here. Configure the IP address and gateway according to the figure
above.

CORE

VXLANdoesnot needtobeconfiguredonthecoreswitches.TheOSPFandBGPnetworkconfigurationsareomittedhere.

TOR-1

TOR1# configure terminal
Enterconfiguration commands,oneper line. EndwithCNTL/Z.
TOR1(config)# route-map dc
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TOR1(config-route-map)# match route-type evpn-type-2
TOR1(config-route-map)# set next-hop 1.1.1.1
TOR1(config-route-map)# exit
TOR1(config)# interface Loopback 1
TOR1(config-if-Loopback 1)# ipaddress 1.1.1.1/32
TOR1(config-if- Loopback 1)# exit
TOR1(config)# vtep
TOR1(config-vtep)# source loopback 1
TOR1(config-vtep)# arp suppress enable
TOR1(config-vtep)# vxlan outside center vtep-ip 3.3.3.3
TOR1(config-vtep)# exit
TOR1(config)# fabric anycast-gateway-mac 0000.1234.5678
TOR1(config)# int overlayrouter 10
TOR1(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR1(config-if-OverlayRouter 10)# anycast-gateway
TOR1(config-if-OverlayRouter10)#route-in-vni //Optional.Itneedstobeusedincombinationwiththearpsuppress
enable command.
TOR1(config-if-OverlayRouter 10)# exit
TOR1(config)# int overlayrouter 20
TOR1(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
TOR1(config-if-OverlayRouter 20)# anycast-gateway
TOR1(config-if-OverlayRouter 20)# route-in-vni
TOR1(config-if-OverlayRouter 20)# exit
TOR1(config)# int overlaytunnel 1
TOR1(config-if-OverlayTunnel 1)# tunnel source 1.1.1.1
TOR1(config-if-OverlayTunnel 1)# tunnel destination 3.3.3.3
TOR1(config-if-OverlayTunnel 1)# evpn mac advertise enable
TOR1(config-if-OverlayTunnel 1)# evpn macip advertise enable
TOR1(config-if-OverlayTunnel 1)#exit
TOR1(config)# vxlan 10
TOR1(config-vxlan)# extend-vlan 10
TOR1(config-vxlan)# router-interface OverlayRouter 10
TOR1(config-vxlan)# tunnel-interface overlaytunnel 1
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# vxlan 20
TOR1(config-vxlan)# extend-vlan 20
TOR1(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# arp suppress enable
TOR1(config-vxlan)# exit
TOR1(config)# router bgp 100
TOR1(config-router)# neighbor 2.2.2.2 remote-as 100
TOR1(config-router)# neighbor 2.2.2.2 update-source loopback 1
TOR1(config-router)# address-family l2vpn evpn
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TOR1(config-router-af)# neighbor 2.2.2.2 activate
TOR1(config-router-af)# neighbor 2.2.2.2 route-map dc out
TOR1(config-router-af)# exit
TOR1(config-router)# exit
TOR1(config)# evpn
TOR1(config-evpn)# vni 10
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR1(config-evpn)# vni 20
TOR1(config-evpn-vni)# rd auto
TOR1(config-evpn-vni)# route-target both auto
TOR1(config-evpn-vni)# exit
TOR-2

TOR2# configure terminal
Enterconfiguration commands,oneper line. EndwithCNTL/Z.
TOR2(config)# interface Loopback 1
TOR2(config-if-Loopback1)# ipaddress 2.2.2.2/32
TOR2(config-if- Loopback 1)# exit
TOR2(config)# vtep
TOR2(config-vtep)# source loopback 1
TOR2(config-vtep)# arp suppress enable
TOR2(config-vtep)# exit
TOR2(config)# fabric anycast-gateway-mac 0000.1234.5678
TOR2(config)# int overlayrouter 10
TOR2(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR2(config-if-OverlayRouter 10)# anycast-gateway
TOR2(config-if-OverlayRouter10)#route-in-vni //Optional.Itneedstobe usedincombinationwiththearpsuppress
enable command.
TOR2(config-if-OverlayRouter 10)# exit
TOR2(config)# int overlayrouter 20
TOR2(config-if-OverlayRouter 20)# ip address 10.1.2.1/24
TOR2(config-if-OverlayRouter 20)# anycast-gateway
TOR2(config-if-OverlayRouter20)#route-in-vni //Optional.Itneedstobe usedincombinationwiththearpsuppress
enable command.
TOR2(config-if-OverlayRouter 20)# exit
TOR2(config)# vxlan 10
TOR2(config-vxlan)# extend-vlan 10
TOR2(config-vxlan)# router-interface OverlayRouter 10
TOR2(config-vxlan)# arp suppress enable
TOR2(config-vxlan)# exit
TOR2(config)# vxlan 20
TOR2(config-vxlan)# extend-vlan 20
TOR2(config-vxlan)# router-interface OverlayRouter 20
TOR2(config-vxlan)# arp suppress enable
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TOR2(config-vxlan)# exit
TOR2(config)# router bgp 100
TOR2(config-router)# neighbor 1.1.1.1 remote-as 100
TOR2(config-router)# neighbor 1.1.1.1 update-source loopback 1
TOR2(config-router)# address-family l2vpn evpn
TOR2(config-router-af)# neighbor 1.1.1.1 activate
TOR2(config-router-af)# exit
TOR2(config-router)# exit
TOR2(config)# evpn
TOR2(config-evpn)# vni 10
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
TOR2(config-evpn)# vni 20
TOR2(config-evpn-vni)# rd auto
TOR2(config-evpn-vni)# route-target both auto
TOR2(config-evpn-vni)# exit
VTEP-1

VTEP1# configure terminal
Enterconfiguration commands,oneper line. EndwithCNTL/Z.
VTEP1(config)# interface Loopback 1
VTEP1(config-if- Loopback 1)# ip address 3.3.3.3/32
VTEP1(config-if- Loopback 1)# exit
VTEP1(config)# int overlaytunnel 1
VTEP1(config-if-OverlayTunnel 1)# tunnel source 3.3.3.3
VTEP1(config-if-OverlayTunnel 1)# tunnel destination 1.1.1.1
VTEP1(config-if-OverlayTunnel 1)# exit
VTEP1(config)# vxlan 10
VTEP1(config-vxlan)# extend-vlan 10
VTEP1(config-vxlan)# tunnel-interface overlaytunnel 1

Verification



Verify that HOST-1, HOST-2, HOST-3, HOST-4, and HOST-5 can ping each other.



Verify that virtual machines can be migrated between hosts in the same VXLAN and can access the network
normally after migration, with no need to modify the configuration.

TOR1# sho vxlan
VXLAN Total Count: 2
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
Router Interface

: overlayrouter 10 (anycast)

Extend VLAN

10

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- -------
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OverlayTunnel 1

1.1.1.1

3.3.3.3

static

OverlayTunnel 6145

1.1.1.1

2.2.2.2

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

: overlayrouter 20 (anycast)

Extend VLAN

20

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

1.1.1.1

2.2.2.2

dynamic

TOR2# sho vxlan
VXLAN Total Count: 2
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface

: overlayrouter 10 (anycast)

Extend VLAN

10

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 1

2.2.2.2

3.3.3.3

static

OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

VXLAN 20
Symmetric property : FALSE
RouterInterface

: overlayrouter 20 (anycast)

Extend VLAN

20

VTEP Adjacency Count: 1
VTEP Adjacency List :
Interface

SourceIP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 6145

2.2.2.2

1.1.1.1

dynamic

VTEP1# sho vxlan
VXLAN Total Count: 1
VXLAN Capacity

www.fs.com

: 8000

2592

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

VXLAN 10
Symmetricproperty :FALSE
RouterInterface

:-

Extend VLAN

10

VTEP Adjacency Count: 2
VTEP Adjacency List :
Interface

Source IP

Destination IP Type

---------------------- --------------- --------------- ------OverlayTunnel 1

3.3.3.3

1.1.1.1

static

OverlayTunnel 2

3.3.3.3

2.2.2.2

static

2.4.4 ConfiguringL2 Subinterfaces to Access aVXLAN

Configuration Effect



Configure hosts to access a VXLAN through L2 subinterfaces.



L2 subinterfaces can access a VXLAN in VLAN encapsulation or untagged encapsulation mode.

Notes



If the main interface is a trunk interface, the subinterfaces are not recommended to access a VXLAN in untagged encapsulation
mode due to chip limitations. If the untagged encapsulation mode is configured for the subinterfaces, tagged packets are
transferred to the logic of subinterfaces using the untagged packaging mode.



The extend-VLAN configured for a VXLAN instance is like the VLAN or untagged encapsulation rule configured for a subinterface.
When a subinterface is available, the encapsulation rule of the subinterface has a higher priority than the extend-VLAN
configured for a VXLAN instance.

Configuration Steps



Configuring the VXLAN Encapsulation Rule for a Subinterface



Mandatory.



Configure the VXLAN encapsulation rule for a specified subinterface.



Configuring the VLAN and Untagged Encapsulation Rules for a Subinterface



Mandatory.



L2 subinterfaces can access a VXLAN in VLAN encapsulation or untagged encapsulation mode.



Creating a VXLAN Instance



Mandatory.



Associating the VXLAN Instance with an Overlay Router Interface



Mandatory for VXLAN gateways.



The device supports theVXLAN routing function and can serve as a VXLAN IP gateway only after the VXLAN is associated with
an overlay routerinterface.

Verification
L2 subinterfaces can access the VXLAN. Run the following commands for verification.
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Run the show vxlan vni-number command to check the local configuration of the VXLAN.



Run the show vxlan mac to check whether the VXLAN MAC addresses are learned.



Run the show arp command to check whether the ARP entry of the VXLAN IP gateway is learned.



Run the show ipv6 neighbors command to check whether all local/remote IPv6 ND entries are learned.



Run the show running command to display the subinterface configuration.

Related Commands



Configuring the VXLAN Encapsulation Rule for a Subinterface

Command

encapsulation vxlan vni-number

Parameter

vni-number: Indicates the VNI. The value ranges from 1 to 16,777,215.

Description
Command

L2 subinterface configuration mode

Mode
Usage Guide

1. Only one VXLAN encapsulation rule can be configured for one subinterface.
2. You can preconfigure VXLAN encapsulation rules when no VXLAN instance exists.



Configuring the VLAN and Untagged Encapsulation Rules for a Subinterface

Command

encapsulation dot1q {untag | s-vid vlan-id}

Parameter

{untag|s-vidvlan-id}: SpecifiesVLAN encapsulation or untaggedencapsulation fora port.TheVLAN IDranges from1 to

Description

4094 when VLAN encapsulation is adopted.

Command

L2 subinterface configuration mode

Mode
Usage Guide

If the main interface is a trunk interface, the subinterfaces are not recommended to access a VXLAN in untagged
encapsulation mode due to chip limitations. If the untagged encapsulation mode is configured for the subinterfaces,
tagged packets are transferred to the logic of subinterfaces using the untagged packaging mode.



Creating an Overlay Router Interface

Command

interface OverlayRouter port-id

Parameter

port-id: Indicates the ID of an overlay router interface.

Description
Command

Global configuration mode

Mode
Usage Guide

This interface serves as the VXLAN IP gateway in the VXLAN routing environment. It is similar to an SVI interface in a
VLAN.



Configuring an IP Address for the Overlay Router Interface

Command

ip address ip-address mask

Parameter

ip-address: Indicates the IP address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Interface configuration mode

Mode

www.fs.com

2594

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Usage Guide

This IP address serves as the VXLAN IP gateway address in the VXLAN routing environment. It is similar to the IP address of
an SVI in a VLAN.



Configuring an IPv6 Address for the Overlay Router Interface

Command

ipv6 address ip-address mask

Parameter

ip-address: Indicates the IPv6 address of the overlay router interface.

Description

mask: Indicates the subnet mask.

Command

Overlay router interface configuration mode

Mode
Usage Guide

This IPv6 address serves as the VXLAN IPv6 gateway address in the VXLAN routing environment. It is similar to the IP
address of an SVI in a VLAN.



Associating the Overlay Router Interface with a VRF Instance

Command

vrf forwarding table name

Parameter

table name: Indicates the VRF instance, with which the overlay router interface is associated.

Description
Command

Interface configuration mode

Mode
Usage Guide

This command is used to associate with a VRF instance in the VXLAN routing environment and is used for VXLAN L3
routing isolation.



Creating a VXLAN Instance or Entering the VXLAN Configuration Mode

Command

vxlan vni-number

Parameter

vni-number: Indicates the VNI. The value ranges from 1 to 16,777,215.

Description
Command

Global configuration mode

Mode
Usage Guide



N/A

Associating the VXLAN Instance with the Overlay Router Interface

Command

router-interface interface-name

Parameter

interface-name: Indicates the name of the overlay router interface.

Description
Command

VXLAN configuration mode

Mode
Usage Guide

The overlayrouter interfaces betweenVXLANs cannot conflict with each other and different VXLANs cannot associate
with the same overlay router interface.

Configuration Example
Only configuration related to the VXLAN is described below.
Only IPv4 configuration is used as an example below and the IPv6 scenario configuration is largely the same as the IPv4 scenario
configuration.
The recommended configuration is as follows:

www.fs.com

2595

N5860& N8560& NC8200 SERIES SWITCHES CONFIGURATION GUIDE

Scenario
Figure 2- 30

Configuration



Configure a virtual server, virtual machine, and physical server (omitted).

Steps



Create an L2 subinterface on the TOR switch, configure VXLAN encapsulation and VLAN or untagged
encapsulation rule for the subinterface.



Create an overlay router interface on the TOR switch and configure the VXLAN gateway IP address.



Configure the VXLAN instance to associate with the overlay router interface on the TOR switch to implement
VXLAN routing.

TOR

TOR# configure terminal
TOR(config)#vlan 10
TOR(config-vlan)#exit
TOR(config)#vlan 20
TOR(config-vlan)#exit
TOR(config)#interface TFGigabitEthernet 0/1
TOR(config-if-TFGigabitEthernet 0/1)#switchport mode trunk
TOR(config-if-TFGigabitEthernet 0/1)#exit
TOR(config)#interface TFGigabitEthernet 0/1.1
TOR(config-subif-TFGigabitEthernet 0/1.1)#encapsulation dot1q s-vid 10
TOR(config-subif-TFGigabitEthernet 0/1.1)#encapsulation vxlan 10
TOR(config-subif-TFGigabitEthernet 0/1.1)#exit
TOR(config)#interface TFGigabitEthernet 0/1.2
TOR(config-subif-TFGigabitEthernet 0/1.2)#encapsulation dot1q s-vid 20
TOR(config-subif-TFGigabitEthernet 0/1.2)#encapsulation vxlan 20
TOR(config-subif-TFGigabitEthernet 0/1.2)#exit
TOR(config)#interface TFGigabitEthernet 0/2
TOR(config-if-TFGigabitEthernet 0/2)#switchport mode access vlan 10
TOR(config-if-TFGigabitEthernet 0/2)#exit
TOR(config)#interface TFGigabitEthernet 0/2.1
TOR(config-subif-TFGigabitEthernet 0/2.1)#encapsulation dot1q untag
TOR(config-subif-TFGigabitEthernet 0/2.1)#encapsulation vxlan 10
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TOR(config-subif-TFGigabitEthernet 0/2.1)#exit
TOR(config)# interface overlayrouter 10
TOR(config-if-OverlayRouter 10)# ip address 10.1.1.1/24
TOR(config-if-OverlayRouter 10)# exit
TOR(config)# vxlan 10
TOR(config-vxlan)# router-interface OverlayRouter 10
TOR(config-vxlan)# exit
TOR(config)# interface overlayrouter 20
TOR(config-if-OverlayRouter 20)# ip address 20.1.1.1/24
TOR(config-if-OverlayRouter 20)# exit
TOR(config)# vxlan 20
TOR(config-vxlan)# extend-vlan 20
TOR(config-vxlan)# router-interface OverlayRouter 20
TOR1(config-vxlan)# exit
Verification



Verify that the virtual machine and physical machine can ping each other.

TOR# sho vxlan
VXLAN Total Count: 2
VXLAN Capacity

: 8000

VXLAN 10
Symmetric property : FALSE
RouterInterface
Extend VLAN

: overlayrouter 10 (non-anycast)
:-

VTEP Adjacency Count: 0
VXLAN 20
Symmetric property : FALSE
RouterInterface
Extend VLAN

: overlayrouter 20 (non-anycast)
:-

VTEP Adjacency Count: 0
TOR#sh running-config
!
vlan range 1,10,20
!
interface TFGigabitEthernet 0/1
switchport mode trunk
!
interface TFGigabitEthernet 0/1.1
encapsulation dot1q s-vid 10
encapsulation vxlan 10
!
interface TFGigabitEthernet 0/1.2
encapsulation dot1q s-vid 20
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encapsulation vxlan 20
!
interface TFGigabitEthernet 0/2
switchport trunk native vlan 10
!
interface TFGigabitEthernet 0/2.1
encapsulation dot1q untag
encapsulation vxlan 10



Banning synchronization of the local MAC address to the remote VTEP through EVPN messages on an L2-VNI VXLAN instance



Banning delivery of the MAC addresses remotely synchronized through EVPN messages to the local MAC address table on an
L2-VNI VXLAN instance



Stopping an L2-VNI VXLAN instance from generating EVPN type-2 routes



Configuring an L2-VNI VXLAN Instance Not to Synchronize the Local MAC Address to the Remote VTEP Through EVPN
Messages

Command

evpn mac advertise disable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP can learn the MAC entry from the MAC-only type-2 route.
After this command is configured, the device does not generate VXLAN-EVPN MAC-only type-2 routes based on MAC
entries, and therefore, it will not advertise MAC-only type-2 routes to the EVPN neighbor.
This command is configured on a VXLAN instance and affects only whether the VXLAN instance generates MAC-only
type-2 routes. Other VXLAN instances, for which this command is not configured, can still generate MAC-only type-2
routes.
This command can be used in combination with the evpn arp mac-learning enable and evpn nd mac-learning enable
commands. After they are executed, the network-wide VXLAN-EVPN neighbors synchronize only MAC-IP type-2 routes
but no MAC-only type-2 routes. All devices parse and extract MAC entries from MAC-IP or MAC-IPv6 type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Deliver MAC Addresses Remotely Synchronized Through EVPN Messages
to the Local MAC Address Table

Command

evpn mac inactive

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide
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MAC-only type-2 routes) synchronized from neighbors.
This command is not configured on a device by default.The device learns MAC entries fromVXLAN-EVPN type-2 routes
synchronized from neighbors.
Thiscommand isconfigured on aVXLANinstance and affects only whether theVXLAN instance learns MAC entriesfrom
VXLAN-EVPN type-2 routes. Other VXLAN instances, for which this command is not configured, can still learn MAC entries.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.



Configuring an L2-VNI VXLAN Instance Not to Generate EVPN Type-2 Routes

Command

evpn rt-2 advertise disable

Parameter

N/A

Description
Command

VXLAN configuration mode

Mode
Usage Guide

This command is not configured on a device by default. The device generates one MAC-only type-2 route through the
VXLAN-EVPN protocol based on a locally learned MAC entry, and synchronizes the type-2 route to the EVPN neighbor
(that is, remote VTEP). Then, the remote VTEP learns the MAC entry from the MAC-only type-2 route. In addition, the
devicegenerates one MAC-IP type-2 route through theVXLAN-EVPN protocol based on a locally learned ARP entry and
synchronizes thetype-2 routetotheEVPN neighbor.Then, theremoteVTEP learns theARP entryand hostroutefromthe
MAC-IP type-2 route. The device generates one MAC-IPv6 type-2 route through the VXLAN-EVPN protocol based on a
locallylearned IPv6 NDentry, and synchronizesthetype-2 routetotheEVPNneighbor.Then, theremoteVTEP learnsthe
IPv6 ND entry and host route from the MAC-IPv6 type-2 route. After this command is configured, the MAC entries, ARP
entries, and IPv6 ND entries of the device are not used to generate VXLAN-EVPN type-2 routes and therefore, no type-2
route is advertised to the EVPN neighbor.
Thiscommand isconfiguredonaVXLANinstanceand affectsonlywhether theVXLANinstancegenerates type-2 routes.
Other VXLAN instances, for which this command is not configured, can still generate type-2 routes.
Note: This command can be configured only on L2-VNI VXLAN instances (that is, VXLAN instances with the symmetric
command not configured). It is unavailable on L3-VNI VXLAN instances.

2.5 Monitoring
Displaying
Description

Command

Displays the VXLAN configuration and status of the device.

show vxlan vni-number

Displays the MAC addresses learned by the device.

show vxlan mac [vni vni-number] [address mac-address]

Displays the VXLAN ARP entries learned by the device.

show arp

Displays theVXLAN IPv6 ND entries learned by the device.

show ipv6 neighbors

Displays the global configurations of the device, such as the

show vxlan global

VTEP IP address and anycast MAC address.
Displays the ARP suppression status of the device.

show vxlan arp suppress

Displays the VXLAN UDP destination port of the device.

show vxlan udp-port
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