Configuring I[P Multicasting

IP multicasting allows a device to send packets to a group of hosts rather
than to alist of individual hosts. This chapter describes how to configure
IP multicasting on the ERX system.
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Overview

I Pv4 defines three types of addresses: unicast, broadcast, and multicast.
Each type of address enables a device to send datagrams to selected
recipients:

e A unicast address enables a device to send a datagram to asingle
recipient.

* A broadcast address enables a device to send a datagram to all hosts on
a subnetwork.

» A multicast address enables a device to send a datagram to a specified
set of hosts, known as a multicast group, in different subnetworks.

Multicast | P packets contain aClass D addressin the Destination Address
fields of their headers. A Class D addressis the | P address of a multicast
group. Refer to Chapter 2, Configuring IP, and to IGMP, later in this
chapter, for information about Class D addresses.

I P multicasting improves network efficiency by allowing a host to
transmit a datagram to atargeted group of receivers. For example, a host
may want to send alarge video clip to agroup of selected recipients. It
would be time-consuming for the host to unicast the datagram to each
recipient individually. If the host broadcasts the video clip throughout the
network, network resources are not available for other tasks. The host
uses only the resources it needs by multicasting the datagram.

Routers use multicast routing a gorithms to determine the best route and
transmit multicast datagrams throughout the network. The ERX system
supports a number of |P multicasting protocols on virtua routers (VRS).
Each VR handles the interoperability of |P multicasting protocols
automatically. To start multicast operation on a VR, you access the
context for that VR, and configure the desired protocols on the selected
interfaces. Table 3-1 lists the protocols the system supports and the
function of each protocol.

Table 3-1 Function of multicast protocols on a router

Protocol Function

Internet Group Discovers hosts that belong to multicast group.
Membership Protocol

(IGMP)

Protocol Independent Discovers other multicast routers that should receive

Multicast Protocol (PIM) multicast packets.

Distance Vector Multicast Routes multicast datagrams within autonomous systems.
Routing Protocol
(DVMRP)
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Table 3-1 Function of multicast protocols on a router (continued)

Protocol Function

BGP Multicasting Protocol Routes multicast datagrams between autonomous
systems.

The system supports up to 16,384 multicast forwarding entries (multicast
routes) at any time.

e A “traceroute” Facility for IP Multicast —
draft-ietf-idmr-traceroute-ipm-07.txt (January 2001 expiration)

 Distance Vector Multicast Routing Protocol —
draft-ietf-idmr-dvmrp-v3-10 (February 2001 expiration)

* |GMP-based Multicast Forwarding ("IGMP Proxying") —
draft-ietf-magma-igmp-proxy-00.txt (May 2002 expiration)

e Protocol Independent Multicast MIB for [Pv4 —
draft-ietf-idmr-pim-mib-10.txt (July 2000 expiration)

* RFC 2362 — Protocol Independent Multicast-Sparse Mode (PIM-SM):
Protocol Specification (June 1998)

* RFC 2236 — Internet Group Management Protocol, Version 2
(November 1997)

» RFC 2858 — Multiprotocol Extensions for BGP-4 (June 2000)

Note: IETF drafts are valid for only 6 months from the date of issuance. They must
be considered as works in progress. Please refer to the IETF Web site at
http://lwww.ietf.org for the latest drafts.

You can configure |P multicasting on IP interfaces. For information about
configuring IP interfaces, see Chapter 2, Configuring IP.

Enabling IP Multicasting

In thisimplementation, |P multicasting works on the basis of VR. By
default, IP multicasting is disabled on aVR. To enable | P multicasting on
aVR, usetheip multicast-routing command.

3-3
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ip multicast-routing

Use to enable IP multicast routing on the VR.

By default, IP multicasting is disabled on the VR. In the disabled state, all
multicast protocols are disabled, and the VR forwards no multicast packets.

Example
host 1(config)#ip nmulticast-routing

Use the no version to disable IP multicast routing on the VR.

Deleting Multicast Forwarding Entries

You can clear one or more forwarding entries from the multicast routing
table. However, if you do so, the entries may reappear in the routing table
if they are rediscovered.

clear ip mroute

Use to delete IP multicast forwarding entries.

If you specify an asterisk (*), the system clears all IP multicast forwarding
entries.

If you specify the IP address of a multicast group, the system clears all
multicast forward entries for that group.

If you specify the IP address of a multicast group and the IP address of a
multicast source, the system clears the multicast entry that matches that group
and source.

Example
host 1: bost on#cl ear ip nroute *

There is no no version.

Monitoring IP Multicast Settings

To display general information about the | P multicasting configuration on
the system, use the following commands:

e show ip mroute

e show ip multicast protocols

* show ip multicast routing
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Use to display information about all or specified multicast routes.

Specify a multicast group IP address or both a multicast group IP address and
a multicast source IP address to display information about particular multicast
routes.

Use the summary option to see a summary rather than a detailed description.
Use the count option to display the number of groups and sources.

Use the statistics option to display multicast packet statistics.

Field descriptions

> (S,G) — the IP addresses of the multicast source and the multicast group

> Uptime — length of time in days minutes:hours:seconds format that the
(Source, Group) pair has been active

> Expires — length of time in days minutes:hours:seconds format that the
(Source, Group) pair mapping will cease

> RPF Route — IP address and prefix of the RPF route

> Incoming interface — type and specifier of the incoming interface for the RPF
route

> Neighbor — IP address of the neighbor
> Owner — owner of the route
* Local — route belonging to the local interface
» Static — static route
« Other protocols — route established by a protocol such as RIP or OSPF

> Incoming Interface List — list of incoming interfaces on the router. Details
include:

» Type of interface and its specifier
« Action that the interface takes with packets: accept or discard
¢ Multicast protocol that owns the interface

¢ Time that the interface has been active in this protocol, in
days minutes:hours:seconds format

« Time that the interface will cease to be active in this protocol, in
days minutes:hours:seconds format

> Outgoing Interface List — list of outgoing interfaces on the router. Details
include:

« Type of interface and its specifier
» Action that the interface takes with packets: forward
» Protocol running on the interface: PIM, DVMRP, or IGMP

« Time that the interface has been active in this protocol, in
days minutes:hours:seconds format

« Time that the interface will cease to be active in this protocol, in
days minutes:hours:seconds format

> Counts — numbers of types of source group mappings
¢ (S,G) — number of (S,G) entries
e (*,G) — number of ( *,G) entries
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*  Example
host 1#show i p nroute
IP Multicast Routing Table

(S, G uptine d h:ms[, expires d h:ms]
RPF route: addr/mask, incoming interface
nei ghbor address, owner route-owner
Incoming interface list:
Interface (addr/mask), State/ Oaner [(RPF II1F)]
Qutgoing interface list:
Interface (addr/mask), State/Oaner, Uptine/Expires

(10.0.10.1, 225.1.1.1) uptine 0 00:10: 31
RPF route: 10.0.10.0/24, inconmng interface atnb/3.1010
nei ghbor 10.0.10.8, owner Local
Incoming interface list:
atnb/ 3. 1010 (10.0.10.8/24), Accept/Pim (RPF IIF)
Qutgoing interface list:
atnb/ 1.108 (108.0.8.5/8), Forward/Pim 0 00:02: 52/ never
atnb/ 1.109 (107.0.8.4/8), Forward/Pim 0 00:10: 07/ never

show ip mroute count
» Use to display information about the number of groups and sources.

» Specify a multicast group IP address or both a multicast group IP address and
a multicast source IP address to display information about particular multicast
route.

* Field descriptions
> Counts — numbers of types of source group mappings
* (S,G) — number of (S,G) entries
e (*,G) — number of ( *,G) entries
e Example

host 1#show i p nroute count
IP Multicast Routing Table

Count s: 2 (S, G entries
0 (*, G entries



show ip mroute summary

Group Address

224.0.1.39
224.0.1.40

Count s:
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Use to display a summary of all or specified multicast routes.

Specify a multicast group IP address or both a multicast group IP address and
a multicast source IP address to display information about particular multicast
routes.

Field descriptions
> Group Address — IP address of the multicast group
> Source Address — IP address of the multicast source
> RPF Route — IP address and network mask of the RPF route
> RPF lif — type and identifier for the incoming interface for the RPF route
> #Oifs — number of outgoing interfaces
> Counts — numbers of types of source group mappings
* (S,G) — number of (S,G) entries
e (*,G) — number of ( *,G) entries
Example
host 1#show i p nroute sunmmary

I P Multicast Routing Table
Source Address RPF route RPF i f #Q fs
52.1.1.1 51.1.1.1/32 Register IIF 0
51.1.1.1 51.1.1.1/32 | oopbackl 1

2 (S G entries
0 (*,

G entries

show ip multicast protocols

Use to display information about multicast protocols enabled on the system.

Use the brief keyword to display a summary of information rather than a
detailed description.

Field descriptions
> Protocol — name of the multicast protocol
> Type — mode of the multicast protocol
* For DVMRP - dense
» For PIM — sparse, dense, or sparse-dense
e For IGMP — local
> Interfaces
 registered — number of interfaces on which the protocol is configured

« owned — number of interfaces that a protocol owns. If you configure only
IGMP on an interface, IGMP owns the interface. However, if you configure
IGMP and either PIM or DVMRP on the same interface, PIM or DVMRP
owns the interface.
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>

>

Registered interfaces — includes the following information about interfaces
on which the protocol is configured

» Types and identifiers of interfaces. For details about interface types and
specifiers, see ERX Command Reference Guide, About This Guide.

» Protocols configured on the interface and the protocol that owns the
interface. If you configure only IGMP on an interface, IGMP owns the
interface. However, if you configure IGMP and PIM or DVMRP on the
same interface, PIM or DVMRP owns the interface.

Count — number of multicast protocols on the VR

e Example

host 1: 2#show i p nmulticast protocols
Mul ti cast protocols:

Protocol Pim
Type: Sparse Dense
Interfaces: 2 registered, 2 owned
Regi stered interfaces:
atnB/ 1.2 (40.2.2.2/8) local Ignp owner Pim
| oopback2 (52.1.1.1/32) owner Pim
Prot ocol |gnp
Type: Local
Interfaces: 1 registered, O owned
Regi stered interfaces:
atnB/ 1.2 (40.2.2.2/8) local Ignp owner Pim
Count: 2 protocols

show ip multicast protocols brief

* Use to display a summary of information about multicast protocols enabled on
the system.

* Field descriptions

>

>

Protocol — name of the multicast protocol

Registered Interfaces — number of interfaces on which the protocol is
configured.

Owned Interfaces — number of interfaces that a protocol owns. If you
configure only IGMP on an interface, IGMP owns the interface. However, if
you configure IGMP and either PIM or DVMRP on the same interface, PIM or
DVMRP owns the interface.

Type — mode of the multicast protocol

* For DVMRP — dense

« For PIM - sparse, dense, or sparse-dense

e For IGMP - local

Count — number of multicast protocols on the VR
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*  Example
host 1#show i p mul ticast protocols brief
show i p nulticast protocols brief
Protocol Registered Owned Type
Interfaces |Interfaces

Pi m 2 2 Spar se Dense
I gmp 1 0 Local

Count: 2 protocols

show ip multicast routing
» Use to display information about the status of IP multicasting on the VR
*  Example

host 1#show i p mul ticast routing
Mul ticast forwarding is enabled on this router

Reverse Path Forwarding

I P multicasting uses reverse path forwarding (RPF) to verify that a router
receives a multicast packet on the correct incoming interface. The RPF
algorithm allows arouter to accept a multicast datagram only on the
interface from which the router would send a unicast datagram to the
source of the multicast datagram.

Figure 3-1 illustrates reverse path forwarding in a network where all
routers run dense-mode multicasting protocols. Routers that receive a
multicast datagram associated with a group for which they have no hosts
return prune messages upstream toward the source of the datagram.
Upstream routers do not forward subsequent multicast datagrams to
routers from which they receive prune messages. This technique creates a
source-rooted tree (SRT), also known as a shortest path tree (SPT), — a
structure that connects the source of a datagram to subnetworks of a
multicast group viathe shortest path. For more information on
dense-mode protocols, see PIM DM, later in this chapter.
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Figure 3-1 Reverse path forwarding in a dense mode environment

When al routersin anetwork are running sparse-mode multicast
protocols, the routers forward a multicast datagram only to other routers
with downstream members of the groups associated with the datagram.
Routers running sparse-mode protocols forward multicast traffic only
when explicitly requested to do so, whereas routers running dense-mode
protocols forward multicast traffic except when explicitly requested not to
do so. For more information on sparse-mode protocols, see PIM SM, later
in this chapter.

RPF may take place via static routes, dynamic routes, or local subnets.
You can define static routes for this purpose and view information
associated with RPF routes.

Multicast Packet Forwarding

Multicast packet forwarding is based on the source (S) of the multicast
packet and the destination multicast group address (G). For each <S, G>
pair, the router accepts multicast packets on an incoming interface (I1F),
which satisfies the RPF check (RPF-11F). The router drops packets
received on I1Fs other than the RPF-I1F and notifies the routing protocols
that a packet was received on the wrong interface.

The router forwards packets received on the RPF-I1F to alist of outgoing
interfaces (OIFs). Thelist of OlFsis determined by the exchange of
routing information and local group membership information. The router



ip rpf-route

show ip rpf-route
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maintains mappings of <S, G, IIF>to {OIF1, OIF2...} in the multicast
routing table.

You can enable two or more multicast protocols on an |1F. However, only
one protocol can forward packets on that |1F. The protocol that forwards
packets on an I 1F ownsthat I1F. A multicast protocol that ownsan |IF also
owns the <S,G> entry in the multicast routing table.

» Use to customize static routes that the system may use for RPF.
» Specify the IP address and subnet mask of the destination network.

» Specify either a next-hop IP address or an interface type and specifier, such as
atm 3/0. For details about interface types and specifiers, see ERX Command
Reference Guide, About This Guide.

» Optionally, specify the distance (number of hops) to the next-hop address.

» Optionally, specify a route’s tag number to identify a particular route in the
routing table.

*  Example

host 1(config)#ip rpf-route 11.1.0.0 255.255.0.0 atnm4/ 1.1 56
tag 25093

» Use the no version to remove the static route.

» Use to display routes that the system can use for RPF.

» Specify the IP address and the network mask to view routes to a particular
destination.

» Specify a unicast routing protocol to view routes associated with that protocol.
» Field descriptions
> Proto
¢ Connect — subnet directly connected to the interface
» Static — static route
» protocol-name — route learned via the named protocol

> Prefix — value of the logical AND of the IP address of the destination network
and the subnet address

> Length — length of the subnet mask in bits

> Next Hop — IP address of the next hop for this route

> Dist — distance configured for this route

> Met — learned or configured cost associated with this route

> Intf — type of interface and interface specifier for the next hop. For details
about interface types and specifiers, see ERX Command Reference Guide,
About This Guide.
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host 1#show ip rpf-route

Pr ot o:

Connect
Static
Connect
Connect

*  Example

Prefi x/ Lengt h: Next Hop: Di st/ Met: Intf:

10.5.0.0/ 16 10. 5. 3. 149 0/1 fast Et hernet 0/ 0
11.0.0.0/8 21.1.1.2 1/1 atma/ 0.1
21.1.1.0/ 24 21.1.1.2 0/1 atmd/ 0.1
25.25.25.25/32 25.25.25.25 0/1 | oopbackO

Using Unicast Routes for RPF

IGMP

ip route-type

You can use theip route-type command to specify that SIS, OSPF, or
RIP routes should be available for RPF. Routes available for RPF appear
in the multicast view of the routing table.

» Use to specify whether IS-IS, OSPF, or RIP routes are available only for unicast
forwarding, only for multicast reverse path forwarding checks, or for both.

* Use the show ip rpf-routes command to view the routes available for RPF.

e By default, IS-1S, OSPF, and RIP routes are available both for unicast
forwarding and multicast reverse path forwarding checks.

e Example

host 1(confi g) #rout er ospf
host 1(config-router)#ip route-type multicast

» There is no no version.

IP hosts use Internet Group Management Protocol (IGMP) to report their
multicast group memberships to neighboring routers. Similarly, multicast
routers, such as the ERX system, use IGMP to discover which of their
hosts belong to multicast groups.

The |Pv4 address scheme assigns Class D addresses for | P multicasting.
IGMP isthe protocol that uses these addresses, which can be in the range
224.0.0.0 to 239.255.255.255. The following addresses have specific
functions or are unavailable:

e 224.0.0.0 isreserved, and you cannot assign it to a group.

e 224.0.0.1istheall-hosts address — a packet sent to this address reaches
all hosts on a subnet.

e 224.0.0.2 isthe all-routers address — a packet sent to this address
reaches all routers on a subnet.
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This implementation of IGMP complies with IGMPv2, which supports
both IGMPv1 and IGMPv2 hosts.

IGMPv2 involves the exchange of the following types of messages
between routers and hosts:

*  Group membership queries
»  Group membership reports

» Leave group membership messages

Group Membership Queries

A multicast router can be a querier or anonquerier. Thereis only one
guerier on anetwork at any time. Multicast routers monitor queries from
other multicast routers to determine the status of the querier. If the querier
hears aquery from arouter with alower | P address, it relinquishesitsrole
to that router.

Multicast routers send two types of group membership queriesto hosts on
the network:

e Genera queriesto the all-hosts group address (224.0.0.1)
e Specific queries to the appropriate multicast group address

The purpose of a membership group query is to discover the multicast
groups to which a host belongs.

IGMPv2 group membership queries have a Max Response Time field.
This response time is the maximum that a host can take to reply to a

query.

Group Membership Reports

When a host receives a group membership query, it identifies the groups
associated with the query and determines to which groupsit belongs. The
host then sets atimer, with a value less than the Max Response Time field
in the query, for each group to which it belongs.

When the timer expires, the host multicasts a group membership report to
the group address. When amulticast router receives areport, it adds the
group to the membership list for the network and sets atimer to the Group
Membership Interval. If thistimer expires before the router receives
another group membership report, the router determines that the group
has no members |eft on the network.

3-13
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Configuring Satic and Dynamic IGMP Interfaces

If the router does not receive any reports for a specific multicast group
within the Max Response Time, it assumes that the group has no members
on the network. The router does not forward subsegquent multicasts for
that group to the network.

Leave Group Membership Messages
When a host |eaves a group, it sends aleave group membership message
to multicast routers on the network. A host generally addresses leave
group membership messages to the al-routers group address, 224.0.0.2.

The system supports static and dynamic IGMP interfaces. Unlike static
interfaces, dynamic interfaces are not restored when you reboot the
system. For some protocols, dynamic layers can build on static layersin
an interface; however, in adynamic IGMP interface, al the layers are
dynamic. See Figure 3-2 for examples of static and dynamic IGMP

interfaces.
IGMP IGMP
[ [
P IP
static | dynamic -
layers ATM 1483 PYE Ia{/ers ATM 1483 P
[ [
ATM AAL5 ATM AAL5
[ [
ATM ATM

Static IGMP interface Dynamic IGMP interfaces

Figure 3-2 Static and dynamic IGMP interfaces

Static IGMP interfaces are configured with software such asthe CLI or an
SNMP application; dynamic IGMP interfaces are configured with a
profile. A profile comprises a set of attributes for an interface; aprofile for
dynamic IGMP interfaces contains attributes for configuring all the layers
in the interface.
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You define a profile using the same CL1 commands that you use to
configure a static IGMP interface; however, the mode in which you use
the commands differs. Use the commands in Interface Configuration
mode to configure a static IGM P interface and in Profile Configuration
mode to define a profile.

When you have defined a profile, you can apply it to an interface or group
of interfaces. Profiles provide an efficient method of creating and
managing large numbers of dynamic interfaces. For detailed information
about creating and assigning profiles, see ERX Physical and Link Layers
Configuration Guide, Chapter 21, Configuring Dynamic Interfaces.
When you create aprofile for dynamic IGMP interfaces, specify attributes
for configuring al layersin the interface.

You use the following IGMP commands to configure a static IGMP
interface. You also use these commands to define the attributes for the
IGMP layer when you create a profile for dynamic IGMP interfaces.

e ipigmp

e ipigmp access-group

e ipigmp immediate-leave

* ipigmp last-member query-interval
* ipigmp promiscuous

* ipigmp querier

e ipigmp querier-timeout

e ipigmp query-interva

* ipigmp query-max-response-time
* ipigmp robustness

e ipigmp static-group

e ipigmp version

The following sections describe the tasks associated with these
commands.
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Enabling IGMP on an Interface

ip igmp

ip igmp querier

You must start IGMP on each interface that you want to use the protocol.
You can configure IGMP and either PIM or DVMRP on the same
interface. If you configure IGMP only on an interface, the system
considersthat IGMP “owns’ that interface. If you configure IGMP and
either PIM or DVMRP on an interface, the system considers that PIM or
DVMRP owns the interface.

For networks that use only IGMPv1, you can configure an interface to
operate in IGMPv1 mode. However, IGMPv2 interfaces will support
IGMPv1 hosts. In an IGMPv1 network, you must configure one interface
to act asa querier. In an IGMPv2 network, the querier is the router with
the lowest | P address.

To start IGMP, complete the following steps:
1 Enable IGMP on theinterface.
host 1: bost on(config-if)#ip ignmp
2 (IGMPv1 only) Specify IGMPv1 for the interface.

host 1: boston(config-if)#i p ignp version 1

3  (IGMPv1 only) Specify that the interface will act as the querier for
the network.

host 1: bost on(config-if)#ip i gnp querier

* Use to enable IGMP on an interface.
* Example
host 1: boston(config-if)#i p i gnp

» Use the no version to disable IGMP on an interface.

» Use to specify that this IGMPv1 interface will act as a querier.
Note: This command is valid only for interfaces on which you configured IGMPv1.
* Example
host 1: bost on(config-if)#ip i gnmp querier

» Use the no version to restore the default situation, in which the interface does
not act as a querier.
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Use to set the IGMP version for the interface.
Example
host 1: boston(config-if)#ip ignp version 1

Use the no version to set the version to the default, IGMPv2.

Configuring IGMP Settings for an Interface
When you start IGM P on aninterface, it operates with the default settings.
You can, however, modify:

ip igmp immediate-leave

/N

» The method that the router uses to remove hosts from multicast groups

(IGMPv2 interfaces only).

The timeinterval at which the querier multicasts group membership
queries.

Thetime that a querier waits before sending anew query to hosts from
which it receives leave group membership messages.

Thetime that a new querier waits before sending query messages after
it assumes responsibility from another querier.

The time that a host can take to reply to a query (maximum response
time).

The number of times that the system sends each | GM P messages from
thisinterface.

Use to specify that when the router receives a leave group membership
message from a host associated with this interface, the router will immediately
remove that host from the multicast group.

Caution: Issue this command only on IGMPV2 interfaces to which one IGMP host is
connected. If there is more than one IGMP host connected to a LAN via the same
interface, and one host sends a leave group message, the router will remove all
hosts on the interface from the multicast group. The router will lose contact with the
hosts that should remain in the multicast group until they send join requests in
response to the router’s next general group membership query.

Example

host 1: bost on(config-if)#ip ignp inedi at e-1 eave
Use the no version to restore the default situation, in which the router removes
a host from a multicast group if that host does not return a group membership

report within a certain length of time of receiving a group membership query
from the router.

3-17
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ip igmp last-member query-interval

ip igmp querier-timeout

ip igmp query-interval

Use to specify in tenths of a second how long the system waits before sending
out another query to a host that sent a leave group membership message.

Using a lower value allows members to leave groups more quickly.
Example
host 1: bost on(config-if)#ip i gnp | ast-nenber-query-interval
90

Use the no version to restore the default, 10-tenths of a second (1 second).

Use to set the time in seconds that the interface waits before sending query
messages after it becomes the querier.

Example
host 1: bost on(config-if)#ip i gnmp querier-timeout 200

Use the no version to set the time to the default, twice the query interval.

Use to specify how often the interface sends group membership queries.
Example
host 1: boston(config-if)#i p ignp query-interval 100

Use the no version to set the polling interval to the default, 125 seconds.

ip igmp query-max-response-time

ip igmp robustness

Use to specify the period in tenths of a second during which the host is
expected to respond to a group membership query.

IGMPV2 includes this value in IGMP query messages sent out on the interface.
You cannot set this value on interfaces running IGMPv1.
Using a lower value allows members to join and leave groups more quickly.
Example

host 1: bost on(config-if)#ip i gnp query-nax-response-tinme 120

Use the no version to restore the default, 10-tenths of a second (1 second).

Use to specify the number of times that the system sends each IGMP message
from this interface.

Use a higher value to ensure high reliability from IGMP.
Specify a number in the range 1-4.
Example

host 1: boston(config-if)#i p i gnp robustness 2

Use the to no version restore the default, 3.
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Assigning a Multicast Group to an Interface

ip igmp static-group

Foecifying Multicast Groups
You can use astandard I P access list to specify the multicast groups that a
host can join.

ip igmp access-group

You can assign an interface to send and receive al traffic for a particular
multicast group. This feature allows you to control the IGMP traffic and
to test the behavior of multicast protocolsin the network.

Use to send and receive all traffic for a multicast group from a specific interface.
The interface sets no timers for this group.
Example

host 1: boston(config-if)#ip ignp static-group 225.1.2.3

Use the no version to remove the group from the interface.

Use to restrict hosts on this subnet to joining only multicast groups that appear
on the specified IP access list.

Example
host 1: bost on(config-if)#ip i gnp access-group boston-Iist

Use the no version to disassociate the interface from an access list and to allow
hosts on the interface to join any multicast group.

Accepting IGMP Reports from Remote Subnets

Example

By default, IGMP interfaces accept IGMP reports only from associated
subnets. You can configure the system to accept IGMP reports from
subnetsthat are not associated with itsinterfaces. Theigmp promiscuous
command in Router Configuration mode specifies whether or not
interfaces on the router should accept IGMP reports from indirectly
connected subnets. To override this global setting on a particular
interface, use theip igmp promiscuous command in Interface
Configuration mode.

In the following example, the router is configured to accept IGM P reports
from indirectly connected subnets on all interfaces. The interface on port
0 of theline module in slot 4 is then configured to accept IGMP reports
only from directly connected subnets.

host 1(confi g) #vi rtual -router boston
host 1: bost on(confi g) #router ignp
host 1: bost on(confi g-rout er)#i gnp prom scuous



3-20

CHAPTER 3
Configuring IP Multicasting

host 1: bost on(confi g-rout er)#exit
host 1: bost on(confi g)#i nterface serial 4/0
host 1: bost on(config-if)#ip i gnp prom scuous off

igmp promiscuous

* Use to allow all IGMP interfaces on the router to accept IGMP reports from
hosts on any subnet.

e Example
host 1: bost on(confi g-router)#i gnp prom scuous

» Use the no version to allow IGMP interfaces on the router to accept IGMP
reports only from hosts on their associated subnets.

ip igmp promiscuous
» Use to specify whether the interface should accept IGMP reports from hosts on
any subnet.

> Use the on keyword to enable the interface to accept IGMP reports from
hosts on any subnet.

> Use the off keyword to allow the interface to accept IGMP reports only from
hosts on subnets associated with this interface

* Example
host 1: boston(config-if)#i p i gnp prom scuous on
* Use the no version to configure an IGMP interface to use the Router

Configuration mode setting to determine the subnets from which it can accept
IGMP reports.

Disabling and Removing IGMP

You can disable and reenable IGMP on the VR. You can also remove
IGMP from the VR and recreate it on the VR.

igmp disable
* Use to disable IGMP on a VR.
*  Example
host 1(confi g)#virtual -router boston
host 1: bost on(confi g) #router ignp
host 1: bost on(confi g-router)#i gnp di sabl e

» Use the no version to enable IGMP on a VR.
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Use to create and enable IGMP on a VR or to access IGMP Router
Configuration mode.

Example
host 1(confi g) #vi rtual -router boston
host 1: bost on(confi g)#router ignp

Use the no version to delete IGMP and IGMP proxy from the VR.

You can establish areference point for IGMP statistics by setting the
statistics' countersto zero.

To display IGMP parameters, use the show commands described in this
section.

Use to set the counters for IGMP statistics to zero.
Example
(host 1) #baseline ip ignmp

There is no no version.

Use to display IGMP information for a VR.
Field descriptions
> Administrative State — status of IGMP in the software: enabled or disabled
> Operational State — status of IGMP on the VR: enabled or disabled
> Total Interfaces — number of interfaces on which you started IGMP
> Enabled — number of interfaces on which IGMP is enabled
> Disabled — number of interfaces on which IGMP is disabled
> Learnt Groups — number of multicast groups that the VR has discovered
> IGMP Statistics: Revd — statistics for IGMP messages received
¢ Total — number of IGMP messages received

¢ Checksum Errors — number of IGMP messages received with checksum
errors

¢ Unknown Types — number of messages received that are not group
membership queries, group membership reports, or leave group
membership messages

¢ Queries — number of group member queries
¢ Reports — number of group membership reports
» Leaves — number of leave group membership messages
> IGMP Statistics: Sent — number of group member queries sent
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host 1: bost on#show i p i gnp

Routing Process | GW, Adninistrative state enabled,
Operational state enabl ed

2 total interfaces, 2 enabled, 0 disabled
2 learnt groups
| GWP Statistics:
Rvcd: 1 total, O checksumerrors, 0 unknown types
0 queries, 1 reports, O |eaves
Sent: 11 total

show ip igmp groups
» Use to display statically joined and directly connected groups learned via IGMP.
* Field descriptions
> Grp Address — address of the multicast group
> Interface — interface that discovered the multicast group
> State — IGMP version on the interface

> ExpTim —time, in seconds, at which the router decides there are no more
members of this group

> v1HTim — time at which the router decides there are no more IGMPv1
members of a group. If this value is 0, the interface has received no IGMPv1
reports for the group.

e Example
host 1: bost on#show i p i gnp groups

G p Address Interface State ExpTim  v1HTi m
225.1.1.1 fast Ethernet0/0 Version2 never 0
232.1.1.1 fast Ethernet0/0 Version2 359 0

Count: 2 G oups
(Note: 225.1.1.1 is a “static group”)

show ip igmp interface
* Use to display IGMP information for interfaces on which you enabled IGMP.
» Specify the brief keyword to see a summary of the information.
» Specify the count keyword to see the number of IGMP interfaces.

» Specify the group address keyword to see information for interfaces that
belong to that group.

» Field descriptions

> Interface — type of interface and interface specifier. For details about
interface types and specifiers, see ERX Command Reference Guide, About
This Guide.

> Address — IP address of the interface

> Administrative state — status of the interface in the software: enabled or
disabled
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Operational state — physical status of the interface: enabled or disabled
Version — IGMP version

State — function of the interface: querier or nonquerier

Query Interval — time interval at which this interface sends query messages

Other querier present interval — time that the interface waits before declaring
itself as the querier

Maximum response time — time interval during which this interface expects a
host to respond

Last member query interval — time that this interface waits before sending a
new query to a host that sends a group leave message

Robustness — number of times this interface sends IGMP messages

Interface defaults to global promiscuous mode — interface uses the setting of
the igmp promiscuous command to determine whether it accepts IGMP
reports from hosts on any subnet

No inbound access group — no access list specified with the ip igmp
access-group command

Immediate Leave — setting of the ip igmp immediate-leave command:
enabled or disabled

Interface statistics: Rcvd — information about IGMP messages received on
this interface

* Reports — number of group membership reports received
* Leaves — number of group leave messages received

* Wrong Version Queries — number of group membership queries received
from devices running a different version of IGMP

Interface statistics: Sent — number of IGMP messages this interface has sent

Interface statistics: Groups learned — number of groups this interface has
discovered

Count — total number of IGMP interfaces

Example

host 1: bost on#show ip ignp interface
Interface ATM2/ 1. 15 address 15.0.0.2/255. 255. 255.0
Adnministrative state enabl ed, Operational state enabled
Interface paraneters:
Version 2
State Querier
Query Interval 125 secs, 53 secs before the next query
O her querier present interval 250 secs
Maxi mum response time 100 (in 10ths of a second)
Last nenmber query interval 10 (in 10ths of a second)
Robust ness 3
Interface defaults to gl obal proni scuous node
No i nbound access group
| medi at e Leave: disabl ed
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Interface statistics:

Rcvd: O reports, O |eaves, 0 wong version queries
Sent: 1 queries

Groups learned: 1

Counts: 0 down, O init state, 1 querier, O non-querier,
1 Total

show ip igmp interface brief

» Use to display a summary of IGMP information for interfaces on which you
enabled IGMP.

* Field descriptions

> Interface — type of interface and interface specifier. For details about
interface types and specifiers, see ERX Command Reference Guide, About
This Guide.

> Intf Address — IP address of the interface
> Ver — IGMP version
> State — function of the interface: querier or nonquerier

> Querier — IP address of the querier on the network to which this interface
connects

> QTime — time interval at which this interface sends query messages
> QPTime — time that the interface waits before declaring itself as the querier

* Example
host 1: bost on#show i p ignp interface brief
Interface Intf Address Ver State Queri er Qlime QPTine
fastEthernet0/0 192.168.1.250/24 2 Querier 192.168.1.250 28 0
atnB/0. 2 21.1.1.1/8 2 Querier 21.1.1.1 26 0

Count: 2 interfaces

IGMP Proxy
IGMP proxy enables the system to issue IGM P host messages on behal f
of hosts that the system discovered via standard IGMP interfaces. The
system acts as aproxy for its hosts.

Overview

Figure 3-3 shows a system in an IGMP proxy configuration. You enable
IGMP proxy on one interface, which connects to arouter closer to the
root of the tree. Thisinterface isthe upstreaminterface. The router on the
upstream interface should be running IGMP.



IGMP Proxy | 3-25
ERX Edge Routers

You enable IGMP on the interfaces that connect the system to its hosts
that are farther away from the root of the tree. These interfaces are known
as downstream interfaces.

Downstream
Downstream | interface
1 interface
EQ O r . M A——
7= Upstream

Downstream interface
interface

Figure 3-3 Upstream and downstream interfaces

Asdescribed in IGMP Operation, earlier in this chapter, hosts interact
with the system through the exchange of IGMP messages. Similarly,
when you configure IGMP proxy, the system interacts with the router on
its upstream interface through the exchange of | GM P messages. However,
when acting as the proxy, the system performs the host portion of the
IGMP task on the upstream interface as follows:

*  When queried, sends group membership reports to the group.

*  When one of its hosts joins a multicast address group to which none of
its other hosts belong, sends unsolicited group membership reportsto
that group.

» When thelast of its hosts in a particular multicast group leaves the
group, sends an unsolicited leave group membership report to the
al-routers group (244.0.0.2).

Configuring IGMP Proxy

To configure a downstream interface, enable IGMP on that interface. To
configure IGMP proxy on the system, compl ete the following tasks:

1 Enable IP multicasting.
host 1(config)#ip nmulticast-routing

2 ldentify the interface that you want to act as the upstream interface.

host 1(config-if)#i nterface atm3/0
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ip igmp-proxy

Enable IGMP proxy on that interface.

host 1(config-if)#ip ignmp-proxy

(Optional) Specify how often the system should send unsolicited

reports to routers on the upstream interface.

host 1(config-if)#ip ignp-proxy unsolicited-report-interval
600

(Optional) Specify how long the system should assume that thereis
an IGMPv1 querier router on the subnet after the system receives an
IGMP V1 query on thisinterface.

host 1(config-if)#ip i gnp-proxy V1-router-present-tine 600

Use to enable IGMP proxy on an interface.
Note: You can enable only one upstream interface.
The interface for which you enable IGMP proxy is the upstream interface.
Example
host 1(config-if)#ip ignp-proxy

Use the no version to disable IGMP proxy on an interface.

ip igmp-proxy unsolicited-report-interval

Use to specify how often the upstream interface should transmit unsolicited
reports.
Note: Issue this command only on the upstream interface. Otherwise, this command
will have no effect.
Example
host 1(config-if)#ip ignp-proxy unsolicited-report-interval
600

Use the no version to transmit unsolicited reports using the default value,
400 seconds.

ip igmp-proxy V1-router-present-time

Use to specify how long the system assumes that there is an IGMPv1 querier
router on the subnet after the system receives an IGMP V1 query on this
interface.

Note: Issue this command only on the upstream interface. Otherwise, this command
will have no effect.

Example
host 1(config-if)#i p i gnp-proxy V1-router-present-time 600

Use the no version to set the time to the default, 10 seconds.
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Setting the IGMP Proxy Baseline
You can set the counters for the numbers of queries received and reports
sent on the upstream interface to zero. Thisfeature allows you to establish
areference point for IGMP proxy statistics.

baseline ip igmp-proxy interface
» Use to set the counters for the numbers of queries received and reports sent on
the upstream interface to zero.

Note: Issue this command only on the upstream interface. Otherwise, this command
will have no effect.

e Example

(host 1) #baseline ip ignp-proxy interface
e There is no no version.

Monitoring IGMP Proxy
To display IGMP proxy parameters, use the following show commands.

show ip igmp-proxy
* Use to display IGMP proxy parameters for a VR.
* Field descriptions
> Routing Process — IGMP proxy protocol
> Administrative state — state of IGMP proxy in the software
> Operational state — operational state of IGMP proxy: enabled or disabled
> Total interfaces — number of IGMP proxy interfaces on the VR; currently only
one upstream interface per VR
> State — operational state of the IGMP proxy interfaces: up or down
> Multicast group — number of multicast groups associated with IGMP proxy
interfaces
*  Example
host 1#show i p i gnp- proxy

Routing Process | GW Proxy, Adninistrative state enabl ed,
Operational state enabl ed

total 1 upstreaminterface, state enabled
6 nulticast group



3-28

CHAPTER 3
Configuring IP Multicasting

show ip igmp-proxy groups

Use to display information about multicast groups that IGMP proxy reported.
Field descriptions
> Grp Address — address of the multicast group

> Interface — type and identifier of the upstream interface associated with the
multicast group

> Member State

» ldle —interface is going to send a group membership report to respond to
a group membership query for this group

» Delay — interface has responded to the latest group membership query for
this group
> Count — total number of multicast groups associated with this interface
Example 1
host 1#show i p i gnp- proxy groups

Grp Address Interface Menber State
225.1.1.1 atnB/0. 2 Idle
225.1.1.2 atnB/ 0. 2 Idle
225.1.1.3 atnB/ 0. 2 Idle
225.1.1.4 atnB/0. 2 Idle
225.1.1.5 atnB/0. 2 Idle
225.1.1.6 atnB/ 0. 2 Idle
count 6

Example 2
host 1#show i p i gnp-proxy group 225.1.1.1
G p Address Interface Menber State
225.1.1.1 atnB/0. 2 Idle

Example 3

host 1#show i p i gnp-proxy group count
Count: 6 groups

show ip igmp-proxy interface

Use to display information about the interface on which you configured IGMP
Proxy.

To view information about a particular interface, enter an interface type and
specifier, such as atm 3/0. For details about interface types and specifiers, see
ERX Command Reference Guide, About This Guide.

Specify the brief option to display a summary rather than a detailed
description.
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Field descriptions

>

Interface — type of upstream interface. For details about interface types, see
ERX Command Reference Guide, About This Guide.

Address — address of upstream interface

Administrative state — state of upstream interface in the software: enabled or
disabled

Operation state — physical state of upstream interface: enabled or disabled
Version — IGMP version on this interface

State — presence of IGMPVL1 routers on the same subnet as this upstream
interface

Unsolicited report interval — time interval at which this upstream interface
sends unsolicited group membership report

Version 1 router present timeout — how long the upstream interface assumes
there is an IGMPV1 router on the subnet after that interface receives an
IGMPv1 group membership query

multicast group — number of multicast groups associated with this upstream
interface

Interface statistics: Rcvd — statistics for messages received on this interface
» v1 queries — number of IGMPv1 group membership queries received

e V2 queries — number of IGMPv2 group membership queries received

¢ vl report — number of IGMPv1 group membership reports received

« V2 report — number of IGMPv2 group membership reports received
Interface statistics: Sent — statistics for messages sent from this interface

e vl reports — number of IGMPv1 leave group reports sent

e V2 reports — number of IGMPv2 leave group reports sent

« leaves — number of leave group membership messages sent

Example

host 1#show i p i gnp-proxy interface atm 3/0.2
Interface atnB/0.2 address 21.1.1.1/255.0.0.0
Adnministrative state enabl ed, Operational state enabl ed
Interface paraneters:

Version 2

State No vl Router Present

Unsolicited report interval 10 secs

Version 1 router present tineout 400 secs

0 nulticast group
Interface statistics:

Rcvd: 0 vl query, 6 v2 queries

0 vl report, 0 v2 report
Sent: 0 vl report, 48 v2 reports, O |eave
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PIM

PIM DM

Protocol Independent Multicast (PIM) is the protocol that allows
multicast routers to identify other multicast routers that should receive
packets. Thisimplementation of PIM supports PIM Dense Mode (PIM
DM), PIM Sparse Mode (PIM SM), and PIM Sparse-Dense Mode (PIM
S-DM).

Figure 3-4 represents how PIM builds a source-group entry in an SRT.
When multiple routers are connected to a multiaccess network, one router
must assume the role of the designated router (DR). The DR receives data
from the source on interface 1/0 and multicasts the data to its downstream
neighbors on interfaces 1/1, 2/0, and 2/1. In the DR routing table, the
entry for this operation lists the source as the IP address of the source and
the group as the | P address of the multicast group.

Neighbors exchange hello messages periodically to determine the DR.
The router with the highest network layer address assumes the role of the
DR. If the DR subsequently receives a hello message from a neighbor
with a higher network layer address, that neighbor becomes the DR.

Source DR Routing Table Entry
128.5.4.33 =
Source 128.5.4.33
Group 225.1.3.5

PR = EEID Es’giSter 1;? 2/0, 2/1
11| 2081 = T

. Input Interface |1/0
Ly Output Interface[1/1, 2/0, 2/1

" |
(e

H=— = ==\

Pim Router Pim Router Pim Router

Figure 3-4 Source-rooted tree

PIM DM uses areverse path multicast, flood and prune mechanism. The
protocol was devel oped for situations that meet one or more of the
following criteria

» Sources and receivers are close together, and there are many more
receivers than senders.

e Thereis aconstant stream of multicast data.
¢ Thereisalot of multicast data
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Dense-mode routing protocols use SRT algorithms. An SRT algorithm
establishes a tree that connects each source in a multicast group to the
members of the group. All traffic for the multicast group passes aong this
tree.

Figure 3-5 illustrates how PIM DM works. When a source sends a
multicast packet to afirst-hop router, the first-hop router multicasts that
packet to its neighbors. Those neighbors in turn forward the packet to
their neighbors and their hosts that belong to the multicast group. If a
neighbor has no hosts that belong to the multicast group and has no other
PIM neighbors, it returns a prune message to the first-hop router. The
first-hop router does not multicast subsequent packets for that group to
neighbors who respond with prune messages.

Source

Data for Multicast
Group Boston

First-hop
Router

/N1
YN
! [ |

= -

Member of Multicast Member of Multicast
Group Boston Group Boston

Figure 3-5 PIM DM operation

Overriding Prunes

If ahost on apreviously pruned branch wants to join amulticast group, it
sends an IGMP message to its first-hop router. The first-hop router then
sends a graft message upstream.

PIM routers send join messages on multiaccess interfaces to override
prune messages. For example, if aPIM router sent a prune message to
indicate that it had no hosts for a multicast group, and one of its hosts
subsequently wants to send a packet to that group, the router sends ajoin
message to the first-hop router.
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PIM SM

Preventing Duplication

If there are parallel paths to a source, duplicate packets can travel via
different routers downstream to the network. If aforwarding router
receives amulticast packet on its outgoing interface, the router knows that
the packet is a duplicate and notifies the upstream routers. See Figure 3-6.

Multicast Packet Received
on Outgoing Interface A

Source

Multicast
Packet

Multicast Packet Received
on Outgoing Interface

Figure 3-6 Detecting duplication

The upstream routers responsible for the duplication send assert messages
to determine which router should be the forwarder. Downstream routers
listen to the assert messages to discover which router becomes the
forwarder.

This implementations of PIM-SM supports the following features:

Rendezvous point (RP) routers

DRs and DR election

Join/prune messages, hello messages, assert messages, register
messages

Switching from a shared tree to an SPT

(*,*,RP) support for interoperation with dense-maode protocols

RPF checks of multicast entries when unicast routing configuration
changes

Timers for tree maintenance
Border, null, RPT, SPT, and wildcard flags



PIM | 3-33
ERX Edge Routers

* Remote neighbors

PIM SM was devel oped for situations that meet one or more of the
following criteria:

e The multicast group contains few receivers.
e Multicast traffic is infrequent.
* WANS separate sources and receivers.

Sparse-mode routing protocols use shared trees. In ashared tree, sources
forward multicast datagrams to a directly connected router, the DR. The
DR encapsulates the datagram and unicasts it to an assigned RP router,
which then forwards the datagram to members of multicast groups.

Source

- DR unicasts

, datagram to RP
)
Router forwards

datagram to RP

\

Router forwards
datagram to RP

\RP
—

v v v

W (=

Members of multicast group
receive the multicast

Figure 3-7 PIM SM operation

In PIM SM, an RP announces a source and establishes paths from the
source to members of amulticast group before multicasting any
datagrams. RPs transmit join messages to become part of the shared tree
that allows distribution of packets to the multicast group.

However, when a source starts multicasting datagrams, PIM SM can
switch to an SRT—known in PIM SM as an SPT—to improve the
network’s efficiency. Although shared trees minimize the traffic in the
network and the costs associated with unnecessary transmission of data,
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the routes in a shared tree may be longer than those in an SPT. See
Figure 3-8.

The DRs on the network determine when the source switches from a
shared tree to an SPT. A DR switches to the SPT when it receives a
certain number of packets, which you can configure using theip pim-spt
threshold command. This command has a default value of zero, which
causes a DR to switch to an SPT immediately after it receivesit first
multicast data packet.

When all DR routers associated with a specific RP router have switched to
the SPT, the RP router sends a join/prune message toward the multicast
source. When the multicast source receives this message, it starts sending
multicast data via the SPT.

» Route through the shared tree

» Route through the SPT

Figure 3-8 Shared tree versus SPT

Joining Groups

A host’s DR sends join messages to the RP when that host wantsto join a
group. When a host wants to leave a group, it communicates with its DR
vialGMP. When the DR no longer has any hosts that belong to a
particular group, it sends a prune message to the RP.
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Remote Neighbors

You can create remote neighborsin PIM SM. This feature enables an
ERX system to establish neighbor adjacencies with other ERX systems
through a pair of unidirectional interfaces, such the as the endpoints of an
MPLS tunnel. Figure 3-9 shows an example in which two ERX systems,
called boston and chicago, are remote neighbors connected by two
unidirectional MPLS tunnels.

Source [

== DR unicasts

, datagram to RP
Router boston forwards ,’l /-\ MPLS environment

datagram to MPLS tunnel 'Y(PIM not available)

% Unidirectional tunnel

—~ 10.2.23.45 Router chicago receives
A ''____ datagram from tunnel
Unidirectional tunnel and forwards it to RP
\‘ RP

|
v V v
m =

Members of multicast group
receive the multicast

Figure 3-9 PIM remote neighbors connected by MPLS tunnel

On each ERX system, you must specify the location of the interface that
PIM uses as the source address for the connection to the remote neighbor.
You must also specify that the other system is a remote neighbor, and
identify the I P address of the other system that PIM uses as the source
address for the connection from the remote neighbor.
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Bear the following issues in mind when configuring remote neighbors:

* A route to the source RP must exist in the unicast view of the routing
table to ensure that the PIM router can detect the remote neighbor. For
information about configuring routes in the unicast routing tables, see
the chapters on unicast routing protocolsin this book and ERX Routing
Protocols Configuration Guide, Vol. 2, Chapter 1, Configuring BGP
Routing.

A route to the source must be present in the multicast view of the IP
routing table to ensure that the PIM router can perform an RPF check
for that sourcein a VPN.

To add aroute to the multicast IP routing table acrossa VPN, you can:

> Configure amulticast static route by issuing theip rpf-route
command (see Multicast Packet Forwarding, earlier in this
chapter).

> Configure BGP to add its unicast routes to the multicast | P routing
table by issuing the ip route-type both command. (see ERX
Routing Protocols Configuration Guide, Vol. 2, Chapter 1,
Configuring BGP Routing)

> Configure OSPF or RIP to |earn the route via their remote neighbor
features (see Chapter 6, Configuring RIP and Chapter 7,
Configuring OSPF ).

If aroute is more specific than the route used to reach the remote
neighbor originally, OSPF and RIP do not insert that route in the
unicast and multicast views of the IP routing table. This feature
prevents OSPF and RIP from masking the original route. If you require
PIM to use such aroute to reach a remote neighbor, add that route to
the multicast view of the IP routing table using one of the methods
described in the preceding paragraphs.

Timers

PIM SM uses timers to maintain the networking trees. PIM SM routers
poll their neighbors and hosts for various pieces of information at set
intervals. If aPIM SM router does not receive information from a
neighbor or host within a specific time, known as the holdtime, it removes
the associated information from its routing tables.
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You can configure how often an interface sends hello messages
(hello-interval) and how often routers send RP announce messages
(RP-Announce-Interval). The holdtime associated with hello messagesis
3.5 timesthe hello-interval and the hol dtime associated with RP announce
messages is 2.5 times the RP-Announce-Interval.

All other timers are fixed and take the default values recommended in:

Protocol Independent Multicast MIB for |Pv4 —
draft-ietf-idmr-pim-mib-10.txt (July 2000 expiration)

InPIM S-DM, if an RPis not known for a group, the system sends data
using PIM DM. However, if the system discovers an RP or you configure
an RP statically, PIM SM takes over.

You can configure both PIM DM and PIM SM commandsin PIM S-DM.

Enabling and Disabling PIM ona VR

pim disable

By default, PIM is disabled. To enable PIM onaVR:
1 Enable multicast routing.
host 1(config)#ip nmulticast-routing
2 Creastea VR, or accessthe VR context.
host 1(confi g) #vi rtual -router boston
3 Create and enable PIM processing.
host 1: bost on(confi g)#router pim

To disable PIM processing on arouter, use the pim disable command.

» Use to disable PIM processing. By default, PIM processing is enabled.
*  Example
host 1: bost on(confi g-rout er) #pi m di sabl e

* Use the no version to reenable PIM processing.
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router pim

» Use to create and enable PIM processing on a VR or to access Router
Configuration mode for PIM.

* Example
host 1: bost on(confi g) #router pim

e Use the no version to remove PIM from the VR.

Enabling PIM on an Interface

ip pim

ip pim query-interval

You can enable PIM on an interface in one of the allowed modes and
specify how often the interface should send hello messages to neighbors.

You can configure PIM and IGMP on the same interface. If you configure
IGMP and PIM on an interface, the system considers that PIM owns the
interface.

Note: You cannot configure DVMRP and PIM on the same interface.

* Use to enable PIM on an interface.
*  Example
host 1(config-if)#i p pi msparse-dense-node

* Use the no version to disable PIM on an interface.

» Use to specify how often the router should send hello messages to neighbors.
* Example
host 1(config-if)#i p pimquery-interval

* Use the no version to restore the default setting, 30 seconds.

Configuring an RP Router for PIM SM and PIM SDM

When you use the system for PIM SM or PIM S-DM, some VRs must act
as RP routers. You can configure static RP routers or configure the system
to assign RP routers automatically.

To configure the system to assign RP routers automatically, you must
define several VRs as RP routers and one VR as an RP mapping agent. RP
routers send their announcement messages to the RP mapping agent,
which assigns groups to RP routers and resolves any conflicts. The RP
mapping agent notifies neighbors of the RP assigned to each group.
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Configuring a Static RP Router

If you want to control PIM more tightly, you can configure a static RP
router. To do so:

1 Configure an access list that details the multicast groups that will use
the static RP router.

host 1(confi g)#access-1ist boston permt 224.0.0.0
15. 255. 255. 255

2  Specify astatic RP router.
host 1(config)#ip pimrp-address 122.0.0.1 1

Configuring an Auto-RP Router for PIM SM

Two multicast groups, 224.0.1.39 and 224.0.1.40, are reserved for
forwarding auto-RP messages through the network. When you configure
an auto-RP router for PIM SM, you must assign a static RP router to these
two groups. You can then specify an RP mapping agent for other
multicast groups.

To configure an auto-RP router for PIM SM:

1 Configure a static RP to have priority over the auto-RP router for the
groups that send auto-RP multicast messages.

host 1(confi g) #access-1ist 11 permt 224.0.1.39 0.0.0.0

host 1(confi g) #access-1ist 11 permt 224.0.1.40 0.0.0.0

host 1(config)#i p pi mrp-address 192.48.1.22 76 override
2 Assign an RP mapping agent.

host 1(confi g)#i p pi m send-rp-di scovery scope 23 | oopback 1

3 Configure routers to send auto-RP announcement messages to the
mapping agent.

host 1(confi g)#i p pi m send-r p-announce | oopback 2 scope 16
group-list 1

Configuring an Auto-RP Router for PIM S-DM

In PIM S-DM mode, you must prevent routers from advertising auto-RP
messages to the multicast groups 224.0.1.39 and 224.0.1.40, which are
reserved for forwarding auto-RP messages through the network. To
configure an auto-RP router for PIM S-DM:

1 Assign an RP mapping agent.

host 1(confi g)#i p pi m send-rp-di scovery scope 23 | oopback 1
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ip pim rp-address

ip pim send-rp-announce

Configure an access list that details the multicast groups that will use
the static RP router.

host 1(confi g)access-1ist boston permt 224.0.0.0
15. 255. 255. 255

Prevent routers from advertising auto-RP messages to the multicast
groups that are reserved for forwarding auto-RP messages through
the network.

host 1(confi g)#access-list 1 deny 224.0.1.39
host 1(confi g)#access-list 1 deny 224.0.1.40

Configure routers to send auto-RP announcement messages to the
mapping agent.

host 1(confi g)#i p pi m send-r p-announce | oopback 2 scope 23
group-list boston interval 200

Use to specify a static PIM RP router.

Specify a standard IP access list of multicast groups to control which multicast
groups should use this RP router.

Specify the override keyword if you want this static RP router to have priority
over auto-RP routers.

Example
host 1(confi g)#i p pi mrp-address 192.48.1.22 76 override

Use the no version to clear the filter from this interface.

Use to send auto-RP announcement messages from a VR configured as an
RP.

Specify an interface type and specifier, such as atm 3/0. For details about
interface types and specifiers, see ERX Command Reference Guide, About
This Guide. The auto-RP announcement messages will contain the IP address
for the interface you specify.

Specify the number of hops for which the message is valid. The default is 64.

Specify an access list that details those multicast group to stipulate which
multicast groups the RP should include in announcement messages.

Specify a time interval to control how often the system sends announcements.
Example
host 1(confi g)#i p pi m send-rp-announce | oopback 2 scope 23
group-list boston interval 200

Use the no version to clear the filter from this interface.
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ip pim send-rp-discovery scope

Use to configure the system as an RP mapping agent, which records
RP-to-group mappings and notifies PIM DRs about the mappings.

Specify the number of hops for which the RP discovery message is valid. The
default is 64.

To assign an interface from which the system should send auto-RP discovery
messages, specify an interface type and specifier, such as atm 3/0. For details
about interface types and specifiers, see ERX Command Reference Guide,
About This Guide.

Example
host 1(confi g)#i p pi m send-rp-di scovery scope 23 | oopback 1

Use the no version to stop the system from acting as an RP mapping agent.

Switching to an SPT for PIM SM
PIM SM initiates multicasting using a shared tree. You can configure PIM
SM to switch to an SPT when a source starts sending multicast messages
or you can prevent PIM SM from switching to an SPT. Multicasting over
an SPT may be more efficient than multicasting over a shared tree (see
PIM SV, earlier in this chapter).

ip pim spt-threshold

Use to specify when PIM SM switches from a shared tree to an SPT.

Specify a nonzero integer or the keyword infinity to prevent PIM SM from
switching to an SPT.

Specify a value of 0 to configure PIM to switch to an SPT when a source starts
sending multicast messages.

Example
host 1(config)#i p pimspt-threshold 4

Use the no version to restore the default, 0.

Configuring PIM SM Remote Neighbors
To configure a pair of ERX systemsto act as PIM remote neighbors:

1

On one system, specify that the other system will be aremote
neighbor, and identify the IP address of the interface on the other
system that is used for the connection to this system.

host 1(confi g-rout er): bost on#r enot e- nei ghbor 10. 2. 23. 45
spar se- node

Specify the location of the local interface whose address is used as
the source address for the PIM connection to a remote neighbor.

host 1(confi g-router-rn): bost on#updat e- source atm 2/ 1. 108
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query-interval

remote-neighbor

update-source

3

4

(Optional) Specify how often the system should send hello messages
to the remote neighbor.

host 1(confi g-router-rn): boston#query-interval 40

Repeat steps 2 to 3 for the other system.

Use to specify how often the router should send hello messages to remote
neighbors.

Example
host 1(config-router-rn)#i p pi mquery-interval 40

Use the no version to restore the default, 30 seconds.

Use to specify a remote neighbor for PIM sparse mode.

Specify the IP address of the interface on the remote neighbor that PIM uses as
the source address for the connection to this system.

Example

host 1(confi g-rout er) #r enot e- nei ghbor 10. 25. 100. 14
spar se- node

Use the no version to remove the remote neighbor and any attributes
configured for the remote neighbor.

Use to specify the PIM interface whose local address is used as the source
address for the PIM connection to a remote neighbor.

You can use the same source address to form neighbor adjacencies with more
than one PIM remote neighbor.

You must use the IP address of this interface when issuing the
remote-neighbor command on the remote neighbor.

Example
host 1(confi g-rout er-rn)#updat e- source | oopback 5

Use the no version to delete the source address from the connection to the
remote neighbor.

Configuration Example

This example uses the configuration shown in Figure 3-9. Two ERX
systems called router boston and router chicago are running PIM and are
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connected by MPLS tunnels. To configure the systems as PIM remote
neighbors:

1

Specify that router chicago will be a remote neighbor of router
boston, and identify the IP address on router chicago which will
transmit datagrams to router boston.

bost on(confi g-rout er) #r enot e- nei ghbor 10. 2. 23. 45 spar se- nbde

Specify the location of the interface that will transmit datagrams
from router boston to router chicago.

bost on(confi g-router-rn)#update-source atm 2/1.108

Specify that router boston will send hello messages to router chicago
every 40 seconds.

boston(config-if)#i p pi maquery-interval 40
Specify that router boston will be a remote neighbor of router

chicago, and identify the IP address on router boston that will
transmit datagrams to system chicago.

chi cago(confi g-router) #r enot e- nei ghbor 172. 16. 78. 3
spar se- node

Specify the location of the interface that will transmit datagrams
from router chicago to router boston.

chi cago(config-router-rn)#update-source atm 2/1.95

Specify that router chicago will send hello messages to router boston
every 40 seconds.

chicago(config-if)#ip pimquery-interval 40

To remove PIM from aVR, use the no router pim command.

Use to create and enable PIM processing on a VR or to access Router
Configuration mode.

Example
host 1: bost on(confi g)#router pim

Use the no version to remove PIM from the VR.
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Resetting PIM Counters and Mappings
You can use the clear ip pim commands to reset PIM counters and
mappings.

clear ip pim auto-rp

clear ip pim interface count

Use to clear the group-to-RP router mappings the system learned through
auto-RP.

Specify the IP address of an RP to clear the group-to-RP mappings for a
particular RP. If you do not specify an IP address, the system clears the
group-to-RP mappings on all RP routers learned through auto-RP.

Example
host 1(config)#clear ip pimauto-rp 192.34.56.7

There is no no version.

Use to clear the counters for multicast packet statistics on all interfaces or a
specified interface.

Specify an interface type and identifier, such as atm 3/0 to clear the counters on
that interface. For details about interface types and specifiers, see ERX
Command Reference Guide, About This Guide.

If you do not specify an interface, the system clears the counters on all
interfaces.

Example
host 1(config)#clear ip piminterface atm3/0.5 count

There is no no version.

clear ip pim remote-neighbor count

Use to clear the counters for remote neighbor statistics on all interfaces or the
specifed interface.

Specify the IP address of an interface to clear the counters for that interface.

If you do not specify an interface, the system clears the counters on all
interfaces.

Example
host 1(confi g)#cl ear i p pi mrenote-neighbor 10.2.5.8 count

There is no no version.
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You can display information about PIM events and parameters.

Monitoring PIM Events

You can use the debug PIM commands to view information about PIM
events.

* Use to show information on the selected event.
» To control the type of events displayed, specify a severity level.
» To control how much information to display, specify a verbosity level.
*  Example
host 1#debug i p pi mevents severity 1 verbosity |ow

* Use the no version to disable the display.

» Use to turn off the display of information previously enabled with the debug ip
pim command.

host 1#undebug i p pi m events

» There is no no version.

Monitoring PIM Settings

You can use the show ip pim commands to display information about
PIM settings.

* Use to display information about RP routers and the RP mapping agent in a
PIM SM environment.

* Field descriptions

> Configured with ttl — number of hops for which the RP discovery message is
valid

> Using interface addr — IP address of the interface from which the system
sends RP discovery messages

> Interval — time interval at which the system sends RP discovery messages

> PIM AutoRP candidate RP mapping(s) — routers that the RP mapping agent
is evaluating to determine an RP router for this interface
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* Example 1
host 1: 1#show i p pi mauto-rp
This PIMrouter is an Auto RP mappi ng agent.
Configured with ttl 64
[ Using interface addr 121.0.0.1, interval 60 ].
PI M Aut oRP candi date RP nappi ng(s)

*  Example 2

host 1: 1#show i p pimauto-rp
This PIMrouter is _not_ an Auto RP mappi ng agent.
PI M Aut oRP candi date RP mappi ng(s)
Candidate RP 122.0.0.1

Group(s) 224.0.0.0/4, AutoRP, ttl 64, interval 60, fromaccess List 1
Candidate RP 122.0.0.1

Group(s) 224.0.1.39/32 (negative), AutoRP, ttl 64, interval 60, fromaccess List 1
Candidate RP 122.0.0.1

Group(s) 224.0.1.40/32 (negative), AutoRP, ttl 64, interval 60, fromaccess List 1

show ip pim dense-mode sg-state
» Use to display information for each (Source, Group) entry for PIM DM.
» Field descriptions
> (Source, Group) pair — IP addresses of multicast source and group
> EntryExpires — time until the (Source, Group) pair entry expires
> RPF Route — reverse path forwarding route
> 1IF — IP address of incoming interface
> UpNbr — IP address of upstream neighbor
> Pruned Oifs — Outgoing interfaces that have been pruned
« Address — IP address of outgoing interface
« Ifld — index of the interface
¢ Pruned due to — reason for prune: assert or explicit prune
¢ Pruned time remaining — time in seconds until the prune expires
e Example
host 1: 8#show i p pi m dense-node sg-state
PIM DM route table and pruned oif information
<122.0.0.1, 224.0.1.39> Ent ryExpi res: 99
RPF Route: 122.0.0.0/255.0.0.0 IlF: 107.0.8.4 UpNobr: 107.0.4.8
Pruned G fs:
Address: 108.0.8.5 I1fld: 95
Pruned due to assert
Pruned time remaining 129
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<130.0.0.2, 224.0.1.39> Ent ryExpi res: 100
RPF Route: 130.0.0.0/255.0.0.0 I1F: 107.0.8.4 UpNbr: 107.0.4.8
Pruned G fs:
Address: 108.0.8.5 I1fld: 95
Pruned due to assert
Pruned time remaining 130
<121.0.0.1, 224.0.1.40> Ent ryExpires: 102
RPF Route: 121.0.0.0/255.0.0.0 I1F: 107.0.8.4 UpNbr: 107.0.4.8
Pruned G fs:
Address: 108.0.8.5 1fld: 95
Pruned due to assert
Pruned time remaining 133

show ip pim interface
* Use to display information about PIM interfaces.

* Provide an interface type and specifier (such as atm 3/0) to display information
about that interface only. For details about interface types and specifiers, see
ERX Command Reference Guide, About This Guide.

» Specify the count option to view the number of multicast packets that the
interface has sent and received.

* Field descriptions
> Interface Addr — IP address of the interface

> Interface Name — type and identifier of the interface. For details about
interface types and specifiers, see ERX Command Reference Guide, About
This Guide.

> Ver — version of PIM running on this interface
> Mode — PIM mode running on this interface: sparse, dense, or sparse-dense
> Nbr Count — number of neighbors connected to this interface

> Hello Intvl — time interval at which the interface sends hello messages to
neighbors

> DR Address — address of the DR
e Example

host 1#show i p piminterface
PIM Interface Table

Interface Addr Interface Nane Ver Mode Nbr Hell o DR Addr
Count | ntvl

108.0.8.5 atn/1.108 2 Spar seDense 1 30 108.0.8.5

107.0.8.4 atn/1.109 2 Spar seDense 1 30 107.0.8.4

111.0.8.9 atn2/ 0. 110 2 Spar seDense 1 30 111.0.9.8

110.0.8. 12 | oopback8 2 Spar seDense 0 30 110.0.8. 12
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show ip pim neighbor

Use to display information about PIM neighbors that the system discovered.

Provide an interface type and specifier (such as atm 3/0) to display information
about that interface only. For details about interface types and specifiers, see
ERX Command Reference Guide, About This Guide.

Field descriptions
> Neighbor Addr — IP address of the neighbor

> Interface Name — type and specifier of the interface to which the neighbor
connects. For details about interface types and specifiers, see ERX
Command Reference Guide, About This Guide.

> Uptime — time since the router discovered this neighbor

> Expires — time available for the neighbor to send a hello message to the
interface. If the neighbor does not send a hello message during this time, it
will no longer be a neighbor.

> Ver — version of PIM that the neighbor is running

> Mode — PIM mode that the neighbor is using: dense, sparse, or
sparse-dense

Example

host 1#show i p pi m nei ghbor

PI M Nei ghbor Tabl e

Nei ghbor Addr Interface Nane Upti ne Expires Ver Mde

107.0.4.8 atn2/ 1. 109 1d15: 47: 35 00:01:41 2 Spar seDense
108.0.5.8 atng/ 1.108 1d15: 47: 34 00:01: 42 2 Spar seDense
111.0.9.8 atnm2/ 0. 110 1d15: 48: 02 00:01: 44 2 Spar seDense

show ip pim remote-neighbor

Use to view information about PIM remote neighbors.
Field descriptions
> Remote Nbr — IP address of remote neighbor

> OurEndAddr — IP address of local interface, such as the local endpoint of a
tunnel, that transmits data to remote neighbor

> Ver — version of PIM running on the local interface
> Mode — PIM mode running on the local interface; always PIM sparse mode
> Nbr Count — number of remote neighbors detected: 0 or 1

> Hello Intvl — time interval at which the interface sends hello messages to
neighbors

> DR Addr — address of DR

> Ininterface —type and identifier of the interface on which PIM router receives
packets from remote neighbor. For details about interface types and
specifiers, see ERX Command Reference Guide, About This Guide.

Out interface — type and identifier of the interface on which PIM router sends
packets to remote neighbor. For details about interface types and specifiers,
see ERX Command Reference Guide, About This Guide.
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host 1: bost on#show i p pi m r enot e- nei ghbor

PI' M Renot eNbr Tabl e

Renot eNor Addr  CQur End Addr Ver Mode Nor Hell o DR Addr
Count | ntvl

10.2.23.45 172.16.78.3 2 Spar se 1 30 192.168.3.41

In interface : atnk/1.109

Qut int

show ip pim rp

host 1: 8#show
PI M G oup-t o-
Group(s) 224.
RP 122.0.0.
Group(s) 224.
RP 122.0.0.
Group(s) 224.
RP 122.0.0.

show ip pim rp-hash

erface: atnk/1.108

Use to display information about PIM group-to-RP mappings.

Specify the address of a group to view PIM group-to-RP mappings for a
particular group.

To display all RP-to-group mappings that the system has recorded, specify the
mapping keyword.

Field descriptions

> Group — prefix of the multicast group

> RP —IP address of RP router for the multicast group

> priority — this field is not functional

> via Auto RP/static RP — method by which the RP router was assigned

> expiryTime — time in seconds at which the RP mapping becomes invalid,
unless the mapping agent reassigns the RP router to this group

Example

ip pimrp mappi ng
RP mappi ng(s)
0.0.0/4

1, wpriority 0, via AutoRP, expiryTine 88

0.1.39/32 (negative)

1, priority 0, via AutoRP (Negative), expiryTime 88
0. 1. 40/ 32 (negative)

1, priority 0, via AutoRP (Negative), expiryTime 88

Shows which RP router a multicast group is using.
Field descriptions
> Group — multicast group
> RP — RP router for the multicast group
> priority — this field is not functional
> via Auto RP/static RP — method by which the RP router was assigned
> expiryTime — time in seconds at which the RP mapping becomes invalid,
unless it is renewed by the mapping agent
Example
host 1: 2#show i p pimrp-hash 232.1.1.1
Group(s) 224.0.0.0/4
RP 122.0.0.1, priority O, via AutoRP, expiryTime 128
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show ip pim sparse-mode sg-state
Use to display information for each (Source, Group) entry for PIM SM.

Field descriptions

>

>

>

>

Group-to-RP mapping — IP addresses and network mask of multicast group
RP — IP address of RP router

RPF route — IP address and network mask of RPF route

IIF— IP address of the incoming interface for RPF route

UpNbr — IP address of upstream neighbor

Oifs — outgoing interface

Auto RP Discovery SELF oif — indicates that RP router for this group was
assigned via auto-RP

Address — IP address of outgoing interface

Interface — type and specifier of the interface. For details about interface
types and specifiers, see ERX Command Reference Guide, About This
Guide.

Joined as — type of mapping

* (S,G) — mapping from a specific source to a specific group

¢ (*,G) — mapping from any source to a specific group

e (**,RP) — mapping from any source to any group

Count of entries — total count of (Source, Group) pair mappings

Example

host 1: 2#show i p pi m sparse-nmpbde sg-state
PIM SMroute table and oif information
<* ) 224.0.1.40>
Group-to-RP mappi ng: 224.0.0.0/240.0.0.0 RP: 123.0.0.1

RPF Route: 123.0.0.0/255.0.0.0 IlF. 106.0.7.3 UpNor :
106.0.3.7

aOfs:
Auto RP Discovery SELF oif.
Joined as <*, &

<*, 225.1.2.3>
Group-to-RP mappi ng: 224.0.0.0/240.0.0.0 RP: 123.0.0.1

RPF Route: 123.0.0.0/255.0.0.0 I1F: 106.0.7.3 UpNbr :
106.0.3.7

Qfs:
Address: 78.7.7.7 I nterface: |oopback?7
Local group nenbership present.
<*, 232.1.1.1>
G oup-to-RP mappi ng: 224.0.0.0/240.0.0.0 RP: 123.0.0.1

RPF Route: 123.0.0.0/255.0.0.0 Il'F: 106.0.7.3 UpNor :
106.0.3.7

Qfs:
Address: 78.7.7.7 Interface: |oopback?7
Local group nenbership present.
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<10.0.1.8, 232.1.1.1> EntryExpires: 143
Group-to-RP mapping: 224.0.0.0/240.0.0.0 RP: 123.0.0.1
RPF Route: 10.0.0.0/255.0.0.0 II'F: 106.0.7.3 UpNbr :
106.0.3.7
Qfs:

Address: 78.7.7.7 I nterface: |oopback?7
Joined as <*, &

Count of entries - <§, & 1
<t G : 3
<t * RP> 0

show ip pim sparse-mode unicast-route
» Use to display the unicast routes that PIM SM is using.
» Field descriptions
> Route — IP address and network mask for the unicast route
> RpfNbr — RPF neighbor
> lif — incoming interface for the unicast route
> Pref — preference for the unicast route

> Metric — value of metric for the unicast route (type of metric varies with the
unicast protocol)

> Count of entries — number of unicast routes that PIM SM is using.
* Example
host 1: 2#show i p pi m sparse-node uni cast-route

PI'M SM uni cast route table information
Rout e Rpf Nor lif Pref Metric

122.0.0.0 /255.0.0.0 122.0.0. 1 255 1
Count of entries: 1

show ip pim spt-threshold
» Use to display the threshold for switching to the shortest path tree at a PIM DR.
* Field descriptions
> Access List Name — name of the IP access list that specifies the groups to
which the threshold applies

> SptThreshold (in kbps) — value at which PIM SM should switch from a shared
tree to an SPT. A value of infinity indicates that PIM SM should never switch
to an SPT.
host 1: 2#show i p pi m spt-threshold
Access List Nane Spt Threshol d(i n kbps)

1 infinity
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DVMRP

I dentifying Neighbors

The system supports Distance Vector Multicast Routing Protocol
(DVMRP) on VRsto forward multicast datagrams through a network.
DVMRP isan interior gateway protocol that supports operations within
an autonomous system, but not between autonomous systems. The
multicast backbone of the Internet, MBONE, uses DVMRP to forward
multicast datagrams.

DVMRP is a dense-mode multicasting protocol and therefore uses a
broadcast and prune mechanism. The protocol builds an SRT in asimilar
way to PIM DM (see Figure 3-3). DVMRP routers flood datagrams to all
interfaces except the one that provides the shortest unicast route to the
source. DVMRP uses pruning to prevent unnecessary sending of multicast
messages through the SRT.

A DVMRP router sends prune messages to its neighborsiif it discovers
that:

¢ The network to which a host is attached has no active members of the
multicast group.

* All neighbors, except the next-hop neighbor connected to the source,
have pruned the source and the group.

When a neighbor receives a prune message from a DVMRP router, it
removes that neighbor from its (Source, Group) pair table, which provides
information to the multicast forwarding table.

If ahost on apreviously pruned branch wants to join amulticast group, it
sends an IGMP message to its first-hop router. The first-hop router then
sends a graft message upstream.

In thisimplementation of DVMRP, aneighbor is adirectly connected
DVMRP router. When you enable DVMRP on an interface, the associated
VR adds information about local networks to its DVMRP routing table.
The VR then sends probe messages periodically to learn about neighbors
on each of itsinterfaces. To ensure compatibility with other DVMRP
routers that do not send probe messages, the VR also updates its DVMRP
routing table when it receives route report messages from such routers.
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Asits name suggests, DVMRP uses a distance vector routing algorithm.
Such algorithms require that each router periodically inform its neighbors
of itsrouting table. DV MRP routers advertise routes by sending DVMRP
report messages. For each network path, the receiving router picksthe
neighbor advertising the lowest cost and adds that entry to its routing
table for future advertisement.

The cost or metric for this routing protocol is the hop count back to the
source. The hop count for a network device is the number of routers on
the route between the source and that network device.

Table 3-2 shows an example of the routing table for a DV MRP router.

Table 3-2 Sample routing table for a DVMRP router

Time Before

Entry Is
Source Subnet Deleted from Input Output
Subnet Mask From Router Metric Routing Table Port Port
143.2.0.0 255.255.0.0 143.32.44.12 4 85 3/0 4/0, 4/1
143.3.0.0 255.255.0.0 143.255.23 2 80 3/1 4/0, 4/1
143.4.0.0 255.255.0.0 143.78.6.43 3 120 3/1 4/0, 4/1

The DVMRP router maintains a (Source, Group) pair table that provides
information to the multicast forwarding table. The (Source, Group) pair
tableis based on:

 Information from the DVMRP routing table
 Information learned from prune messages

e If IGMP and DVMRP are on the same interface, group information
learned from IGMP

The (Source, Group) pair table includes a route from each subnetwork
that contains a source to each multicast group of which that sourceisa
member. These routes can be static or learned routes. Table 3-3 shows an
example of the (Source, Group) pair table for DVMRP.

Table 3-3 Example of DVMRP (Source, Group) pair table

Time Before Entry Is

Source Multicast Deleted from Routing

Subnet Group Table Input Port  Qutput Port

143.2.0.0 230.1.2.3 85 3/0 4/0, 4/1
230.2.34 75 3/0 4/0, 4/1

230.3.4.5 60 3/0 4/1
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Table 3-3 Example of DVMRP (Source, Group) pair table (continued)

Time Before Entry Is

Source Multicast Deleted from Routing

Subnet Group Table Input Port Output Port
230.4.5.6 90 * 4/0

143.3.0.0 230.1.2.3 80 3/1 4/0, 4/1

*. No value for the input port indicates that the interface is associated with a protocol other than
DVMRP.

Enabling DVMRP on a VR
By default, DVMRP is enabled on the system. To enable DVMRP on a
VR:

1 Enable multicast routing.

host 1(config)#i p nmulticast-routing

2 (Optional) Create a VR or access a VR context.

host 1(confi g) #vi rtual -router boston

Note: If you do not specify a VR, you can configure DVMRP on the default router.

You must now enable and configure DVMRP on one or more interfaces.
See Activating DVMRP on an Interface. You can aso set DVMRP limits
for the VR. See Configuring DVMRP Limits.

Activating DVMRP on an Interface
By default, DVMRP is not activated on an interface. Configuring any
DVMRP parameter on an interface automatically activates DVMRP on
that interface. You can aso activate DVMRP on an interface and use the
default parameters.

ip dvmrp
» Use to activate DVMRP on an interface.

* This command automatically creates and enables DVMRP processing on the
current VR.

* Issuing this command identifies this interface as one that DVMRP owns.
*  Example
host 1: boston(config-if)#i p dvimrp

e Use the no version to remove DVMRP from an interface.
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Configuring DVMRP Limits

You can configure DVMRP and IGMP on the same interface. If you
configure IGMP and DVMRP on an interface, the system considers that
DVMRP owns the interface.

Note: You cannot configure DVMRP and PIM on the same interface.

When you have enabled DVMRP processing on a VR, you can configure
the following settings for that VR:

*  The number of routes that the VR advertises on each interface.

e A maximum number of DVMRP routes at which the system generates
a system log warning message and an SNMP trap.

ip dvmrp route-hog-notification

ip dvmrp route-limit

* Use to set the number of DVRMP routes that the system can record before it
generates a system log warning message.

* The warning allows you to identify routers that are injecting large numbers of
routes into the MBONE.

* Example
host 1: bost on(confi g)#i p dvnrp route-hog-notification 5000

* Use the no version to revert to the default setting, 10,000 routes.

* Use to limit the number of routes that the system can advertise on each
interface.

*  Example
host 1: boston(config)#i p dvnrp route-linmt 5000

e Use the no version to restore the default, 7000 routes.

Filtering DVMRP Reports

You can configure an interface to accept only reports with routes that
appear on astandard |P access list. You can refine the set of accepted
routes further, by defining a second access list of neighbors who can

supply the specified routes.

For example, suppose you define an access list that specifies that the
router accepts only reports for the route 172.16.2.0/24. You then define a
second access list that specifies that only neighbors 192.168.1.1 and
193.168.1.1 can supply thisroute. If neighbor 192.168.2.2 supplies the
route, the DVMRP router rejects this report.
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ip dvmrp accept-filter

You can aso modify the value (distance) that the router associates with a
DVMRP route when it computes the RPF interface for the source of a
multicast packet. By default, the router associates a distance of 0 with
DVMRP routes; this value indicates that the router should use DVMRP,
rather than a unicast routing protocol, to transport multicast datagrams.

However, in a configuration where PIM discovers multicast routes and a
unicast routing protocol performs RPF lookups, you can increase the
administrative distance to favor the unicast protocol.

For information about defining access lists, see Chapter 1, Configuring
Routing Policy.

» Use to filter routes in DVMRP reports in accordance with a standard IP access
list.

» Specify a standard IP access list of sources for which the interface will accept
routes.

» To favor a unicast routing protocol, specify a DVMRP administrative distance.

» To restrict the neighbors from whom reports for routes on the first list will be
accepted, specify a neighbor list.

*  Example
host 1: bost on(config-if)#ip dvnrp accept-filter boston-list 4
nei ghbor-1i st boston-nei ghbors

» Use the no version to disable a filter.

Configuring DVMRP Summary Addresses

You can configure an interface to advertise a summary address with a
known metric rather than a more specific route. DVMRP advertises the
summary address if the DV MRP routing table contains a more specific
route that matches the address and mask of the summary address.

If you want to advertise al routes rather than a summary, disable
automatic summarization on the interface. By default, the system
automatically summarizes DVMRP routes. DVMRP automatic
summarization maps a unicast subnet route to a classful network number
route when the subnet has a different network number from the | P address
of theinterface (or tunnel) over which the advertisement travels. If the
interface is unnumbered, the system compares the network number of the
numbered interface to the | P address to which the unnumbered interface
points.

If you configure a summary address on an interface and do not disable
automatic summarization, the interface advertises the least specific
address.
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Use to reenable the system to summarize routes automatically for this
interface. By default, automatic summarization is enabled.

Example
host 1: boston(config-if)#i p dvnrp auto-sunmary

Use the no version to disable automatic summarization for this interface.

Use to advertise DVMRP summary addresses on an interface. By default, an
interface advertises only summary addresses generated by automatic
summarization.

If you configure multiple overlapping summary addresses on an interface, the
one with the shortest mask takes preference.

The default metric value is 1.
Example
host 1: bost on(config-if)#ip dvnrp sunmary-address 192.48.1.2
255.255.255.0 netric 1

Use the no version to stop advertising a summary address on the interface.

Changing the Metric for a Route

The metric for DVMRP is hop count. For example, aroute with two hops
over aslow serial lineis preferable to aroute with three hops over afaster
optical line.

ip dvmrp metric-offset

The system increments DVMRP routes in incoming reports by a default

metric of one and in outgoing reports by a default of 0. You can change

the metric for an interface to promote or demote the preference for

associated routes,

Use to adjust the number of hops associated with a route. This action specifies
that the route is more efficient or less efficient than an alternative route.

Use the in keyword to specify the number of hops by which the system
increments a DVMRP route advertised in incoming DVMRP reports. This option
is the default.

Use the out keyword to specify the number of hops by which the system
increments a DVMRP route advertised in outgoing DVMRP reports.

Example
host 1: boston(config-if)#ip dvnrp metric-offset in 3

Use the no version to revert to the default settings: 1 for incoming reports and 0
for outgoing reports.
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Importing Routes from Other Protocols
You can import routing information from other protocolsinto the
DVMRP routing table. To do so:

redistribute

1

If you want to use IS-1S, OSPF, or RIP routes, make those routes
available to multicasting protocols. See Using Unicast Routes for
RPF, earlier in this chapter.

host 1(confi g) #rout er ospf
host 1(config-router)#i p route-type multicast

Access Router Configuration mode for DVMRP.

host 1: bost on(confi g) #router dvnrp

Specify aroute map.

host 1: bost on(confi g-rout er) #rout e- map boston-map atm 3/ 2

Import information from one type of routing domain into another.

host 1: bost on(confi g-router)#redistribute bgp 100 route-nap
bost on- map

Use to import information from one type of routing domain to another.

Specify the source protocol from which routes are being redistributed. It can be
one of the following keywords: bgp, isis, ospf, static [ip], and connected. The
keyword static [ip] is used to redistribute IP static routes.

Use the static ip keyword to redistribute static IP routes into DVMRP.

Use the keyword connected to redistribute routes that are established
automatically because IP is enabled on an interface.

Use the route-map keyword to interrogate the route map to filter imported

routes from the source routing protocol to the current routing protocol. If you do
not specify the route-map option, all routes are redistributed. If you specify the
route-map option, but no route map tags are listed, no routes will be imported.

Example: Importing routing information from BGP into DVMRP
host 1: bost on(confi g-router)#redistribute bgp 100 route-nap
bost on- map

Use the no version of this command to disable redistribution.

Use to specify a route map.
host 1: bost on(confi g-rout er) #rout e-map boston-map atm 3/ 2

Use the no version to delete the route map. If you do not specify an interface, it
removes the global route map if one exists.
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router dvmrp
* Use to create and enable DVMRP processing on a VR or to access DVMRP
Router Configuration mode.

* Example
host 1: bost on(confi g) #router dvnrp

e Use the no version to remove DVMRP from the VR.

Foecifying Routes to Be Advertised
By default, if DVMRP owns an interface, that interface advertises all
DVMRP routesiit has learned to its neighbors. You can specify the routes
that the interface advertises by issuing theip dvmrp announce-filter
command in conjunction with a standard | P access list. The IP access list
defines the DVMRP routes that will be advertised.

ip dvmrp announce-filter
» Use to specify the DVMRP routes that an interface will advertise.

» Specify a standard IP access list of routes that the interface will advertise.

e Example
host 1: bost on(config-if)#ip dvnrp announce-filter boston-Ii st

» Use the no version to allow the interface to advertise all DVMRP routes that it
has learned.

Preventing Dynamic Route Distribution
By default, if you make changesto a route map, the system dynamically
redistributes the routes in DVMRP. To prevent this dynamic
redistribution, use the disable-dynamic-redistribute command.

disable-dynamic-redistribute
» Use to halt the dynamic redistribution of routes that are initiated by changes to
a route map.

* Dynamic redistribution is enabled by default.
*  Example
host 1(confi g-rout er) #di sabl e-dynamni c-redi stri bute

» There is no no version.

Exchanging DVMRP Unicast Routes
DVMRP maintains its own unicast routing table, based on distance vector
calculations. The routing table defines the best-known distance to each
destination and how to get there. The router updates the tables by
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exchanging information with its neighbors. The DVMRP routing table is
used solely for RPF lookups.

By default, if DVMRP owns an interface, that interface exchanges
DVMRP unicast routes with its neighbors, and you cannot disable the
exchange of routes. However, you can enable and disable the exchange of
DVMRP unicast routes on interfaces that DVMRP does not own.

When an interface exchanges DV MRP routes, the router obtains routes
from DVMRP report messages and stores them in its DVMRP routing
table. Other multicast protocols, such as PIM, can then use these routes
for RPF lookups. With this feature, PIM can use the DVMRP routing
table even when the router is not running DVMRP.

All interfaces, including tunnels, support DVMRP unicast routing.
DVMRP tunnels use DVMRP multicast routing to support DVMRP
unicast routing.

ip dvmrp unicast-routing

» Use to enable the exchange of DVMRP unicast routes on an interface not
owned by DVMRP.

* Example
host 1: boston(config-if)#i p dvnrp unicast-routing

* Use the no version to disable the exchange of DVMRP unicast routes on an
interface not owned by DVMRP.

Disabling and Removing DVMRP

disable

ip dvmrp disable

You can disable DVMRP on a VR or an interface without removing the
configuration. You can also remove DVMRP from a VR or an interface.

* Use to disable DVMRP processing on a VR without removing the DVMRP
configuration. By default, DVMRP processing is enabled.

e Example
host 1: bost on(confi g-rout er) #di sabl e

» Use the no version to reenable DVMRP processing on a VR.

* Use to disable DVMRP processing on an interface without removing the
DVMRP configuration.

*  Example
host 1: boston(config-if)#i p dvnrp di sable

» Use the no version to reenable DVMRP on an interface.
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ip dvmrp
e Use to activate DVMRP on an interface.

* This command automatically creates and enables DVMRP processing on the
current VR.

* Issuing this command identifies this interface as one that DVMRP owns.
e Example
host 1: boston(config-if)#i p dvnrp

» Use the no version to remove DVMRP from an interface.

router dvmrp

» Use to create and enable DVMRP processing on a VR or to access Router
Configuration mode for DVMRP.

e Example
host 1: bost on(confi g) #router dvnrp

» Use the no version to remove DVMRP from the VR.

Deleting DVMRP Routes
You can clear one or more routes from the DVMRP routing table.
However, if you do so, the routes may reappear in the routing table if they
are rediscovered.

clear ip dvmrp routes
* Use to delete DVMRP routes from the routing table.

» If you do not specify any options, the system removes all routes except those
associated with its own interfaces from the DVMRP table.

» If you specify an IP address but not a subnet mask, the system removes the
longest route to that IP address from the DVMRP table.

» If you specify a subnet mask, the system removes that specific route from the
DVMRP table.

e Example
host 1: bost on#cl ear ip dvnrp routes

» There is no no version.

Configuring DVMRP Tunnels
DVMRP tunnels allow the exchange of 1P multicast traffic between
routers separated by networks that do not support multicast routing. For
information about DVMRP tunnels, see Chapter 4, Configuring IP
Tunnels.

3-61



3-62 | CHAPTER 3

Configuring IP Multicasting

Monitoring DVMRP

baseline ip dvmrp

show ip dvmrp

You can establish areference point for DVMRP statistics by setting the
statistics counters to zero.

You can display DVMRP information with the show ip dvmrp
commands.

» Use to set the counters for IGMP statistics to zero.

e Example

(host 1) #baseline ip dvnrp

e There is no no version.

* Use to display DVMRP information for a VR.

» Field descriptions

>

>

Dvmrp Admin State — state of DVMRP in the software: enabled or disabled

Mcast Admin State — state of multicasting in the software: enabled or
disabled

Dvmrp Version — version of DVMRP with which this software is compatible

GenerationID — a number the router generates each time it reboots; when
the number changes, neighbors discard all information previously learned
from the router

NumRoutes — number of routes in the DVMRP routing table

NumTrigdRts — number of routes waiting to be advertised, because a
parameter for the route changed

ReachableRoutes — number of routes that the router can currently reach

RouteHogNotification — number of DVMRP routes that the system can
record before it generates a system log warning message

RouteLimit — maximum number of routes that the system can advertise on
each interface

Send-S32-Prunes-Only — indicates whether or not the router sends only
S-32 prunes

» True — router sends only S-32 prunes and grafts to ensure compatibility
with other protocols, such as PIM

» False —router sends S-32 and S/Prefix grafts and prunes
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Example

host 1: bost on>show i p dvnrp

Routing Process DVMRP - Distance Vector Milticast Routing
Pr ot ocol

Dvnrp Adnmin State: Enabl ed
Mcast Adnmin State: Enabl ed
Dvnrp Version: 3. 255
Generationl D: 0x39aa07d3
NunRout es: 7

Nuniri gdRt s: 0

Reachabl eRout es: 7

Rout eHogNot i fi cati on: 10000
RouteLimit: 7000

Send- S32- Prunes- Onl y: fal se

Use to display DVMRP parameters for the specified interfaces.

Field descriptions

>

Interface — type and identifier of the interface connected to a source. For
details about interface types and specifiers, see ERX Command Reference
Guide, About This Guide.

SourceAddress — IP address of the interface or, for an unnumbered
interface, the address of the loopback interface

Network/Mask — network and mask of the subnet on which the interface
resides

Received Bad Packets/RBdPk — number of bad packets received on this
interface

Received Bad Routes/RBdRt — number of bad routes received on this
interface

Routes Sent/SntRt — number of bad routes advertised on this interface

Administrative State — configured state of DVMRP on this interface: enabled
or disabled

Summary Address — specific summary address that this interface should
advertise

auto-summary — status of automatic summarization: enabled or disabled

metric-offset in — number of hops by which the system increments a DVMRP
route advertised in incoming DVMRP reports

metric-offset out — number of hops by which the system increments a
DVMRP route advertised in outgoing DVMRP reports

accept-filter(s) — names of IP access lists that specify the sources for which
the interface accepts routes.
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Interface
atnb/ 0. 14

Example 1

host 1: v3#show i p dvnrp interface
Interface: atnb/O0.14

Sour ceAddr ess: 14.0.1.1
Net wor k/ Mask: 14.0.1.1/8
Recei ved Bad Packets: 0
Recei ved Bad Routes: 0
Rout es Sent: 2
Adnministrative State: Enabl ed

Summary Address(es)
None Confi gured

aut o- sumary: Enabl ed
metric-offset in: 1
metric-offset out: 0
accept-filter(s): None Confi gured
Example 2
host 1: bost on#show i p dvnrp interface brief
Sour ceAddr ess Net wor k/ Mask RBdPk RBdRt Snt Rt
14.0.1.1 14.0.1.1/8 0 0 2
15.0.1.1 15.0.1.1/8 0 0 2

atnb/ 0. 15
show ip dvmrp mroute

Use to display information about DVMRP routes to multicast groups.
Field descriptions
> For each (Source, Group) pair:
* No Upstream Prune — router has sent no prune messages for this group
« Uptime — time, in seconds, that this (Source, Group) pair entry has been
in the routing table
* RPF Interface — interface that provides the shortest path back to the
source

¢ Qutgoing interface list — types and identifiers of interfaces through which
the VR forwards DVMRP messages, such as atm3/0. For details about
interface types and specifiers, see ERX Command Reference Guide,
About This Guide.
Example
host 1: bost on#show i p dvmrp nroute
I P DVMRP Ml ticast Routing Table
(40.0.0.0/16, 228.1.1.1) Uptine: 77
Upstream Prune: none
RPF I nterface
at b/ 0. 40
Qutgoing interface list:
atnb/ 0. 31
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* Use to display information about DVMRP neighbors.

* Field descriptions

>

>

>

>

Interface — interface type and identifier, such as atm3/0. For details about

interface types and specifiers, see ERX Command Reference Guide, About

This Guide.
Neighbor Address/NbrAddress — IP address of the neighbor

Neighbor upTime/UpTime — length of time, in seconds, that this router has
been a neighbor

Neighbor Major Version/Maj — major number of the DVMRP version on the
neighbor

Neighbor Minor version/Min — minor number of the DVMRP version on the
neighbor

Neighbor capabilities/Cap — capability of the neighbor

* Prune/P — can send prune messages

* Generationld/G — can create a GenlD number

* Mtrace/M — can trace multicast routes

« Netmask/N — can send prunes and grafts with a network mask address
Neighbor State/State — status of the communications with the neighbor

e Active — router is able to communicate with this neighbor

¢ Down — neighbor is down

¢ Ignoring — router is not accepting message from this neighbor

» Oneway — router is receiving messages from the neighbor, but the
neighbor does not include the router’s IP address in the messages. This
state can indicate a starting transition, or a problem.

Generation ID — number that the neighbor generates each time it boots;
when the number changes, the VR discards all information previously
learned from the router.

Routes Received — number of routes learned from this neighbor
Bad Routes Received — number of bad routes received from this neighbor

Bad Packets Received — number of bad packets received from this neighbor

*  Example 1

host 1: bost on#show i p dvnrp nei ghbor

Nei ghbor Addr ess: 14.0.0.1

I nterface: atnb/ 0. 14

Nei ghbor upTi ne: 28

Nei ghbor Maj or Versi on: 3

Nei ghbor M nor Versi on: 255

Nei ghbor Capabilities: Prune GCenerationld Mrace NetMsk
Nei ghbor St ate: Active

Geneneration | D 0x3al3f bc2

Rout es Recei ved: 1

Bad Rout es Received 0

Bad Packets Received: 0

3-65



3-66

CHAPTER 3
Configuring IP Multicasting

*  Example 2

show ip dvmrp route

host 1: v3#show i p dvnr p nei ghbor bri ef
Interface Nbr Addr ess UpTine Maj Mn Cap
State
atnb/ 0. 14 14.0.0.1 32 3 255 PGWN
Active
atnb/ 0. 15 15.0.0.1 34 3 255 PGWN
Active

* Use to display information about DVMRP routes.
» Specify an IP address to display the best route to that address.

» Specify an IP address and subnet mask to display the route that exactly
matches this IP address and subnet mask

» Specify an interface type and specifier to display routes associated with that
interface.

» Specify the brief keyword to view a summary of information.

* Field descriptions

>

>

>

Prefix — IP address of the network
Length — length of the subnet mask for the network

usNbr/Owner — IP address of the upstream neighbor associated with this
route or a description of the origin of the route

» DVMRP Local - route is associated with a directly attached network

 DVMRP Aggregate — route is an aggregate route determined by
summarization

Metric — metric associated with this interface for this route
ExpireTime — time until the VR starts the process for removing the route
UpTime — length of time the route has been in the DVMRP routing table

Interface — type and identifier for the interface, such as atm3/0. For details
about interface types and specifiers, see ERX Command Reference Guide,
About This Guide.

e Example 1

host 1: bost on>show i p dvnrp route

Prefix/ Length usNbr / Omner Metric ExpireTime UpTinme Interface
14.0.0.0/8 Dvnrp Local 1 Never 18 atnb/ 0. 14
Downstream I nterface(s)
Interface
atnb/ 0. 15
15.0.0.0/8 Dvnrp Local 1 Never 18 atmb/ 0. 15
Downstream I nterface(s)
None
25.0.0.0/8 14.0.0.1 2 129 11 atnb/ 0. 14

Downstream I nterface(s)
Interface
atnb/ 0. 15



BGP Multicasting
ERX Edge Routers

*  Example 2

host 1: v3#show i p dvnrp route brief

Prefix/ Length usNbr/ Oaner Metric ExpireTime UpTinme Interface
14.0.0.0/8 Dvnrp Local 1 Never 26 atnb/ 0. 14
15.0.0.0/8 Dvnrp Local 1 Never 26 atnb/ 0. 15
25.0.0.0/8 14.0.0.1 2 121 19 atnb/0.14

show ip dvmrp routeNextHop

BGP Multicasting

» Use to display information about the next hop.
» Field descriptions
> addr — IP address of the next-hop router
> mlen — mask length of the next-hop router
> ifindex — SNMP iflndex for the interface that connects to the next hop
> Type — description of the next-hop router
* leaf — neighbor with no downstream neighbors
e branch — neighbor with downstream neighbors

* Example
host 1: bost on>show i p dvnrp rout eNext Hop
addr/ m en i flndex Type
172.16.0.0/ 16 4 | eaf
172.17.0.0/ 16 4 | eaf
172.18.0.0/ 16 3 leaf
172.19.0.0/ 16 3 leaf
172.19.0.0/ 16 4 branch

BGP multicasting (MBGP) is an extension of the BGP unicast routing
protocol. Many of the functions available for BGP unicasting are also
available for MBGP.

The MBGP extensions specify that BGP can exchange information within
different types of address families. The address families available are
unicast IPv4, multicast IPv4, and VPN-IPv4. When you enable BGP, the
system employs unicast | Pv4 addresses by default.

You should be thoroughly familiar with BGP before configuring MBGP.
See ERX Routing Protocols Configuration Guide, Vol. 2, Chapter 1,
Configuring BGP Routing, for detailed information on BGP and MBGP.
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Investigating Multicast Routes

You can use the mtrace command to trace the path that multicast packets
take from a source to a destination viaa multicast group address. This
command is similar to the tracer oute command for investigating unicast
routes.

mtrace

Use this command to trace the path that multicast packets take to a destination.
Specify the unicast IP address of the source for the packets.

To direct the packets to a particular destination, specify the unicast address for
that destination. If you do not specify a destination, the system traces the route
from the device on which you issue the command.

To direct the packets via a particular multicast group address, specify that
multicast group address. If you do not specify a multicast group address, the
system traces the route via the MBone audio multicast group.

To send the trace to a particular device, specify the IP address of that device. If
you do not specify a response address, the system sends the trace to an IP
address on the router.

To investigate a problem at a particular point in the route, specify the maximum
number of hops for the trace.

The trace starts at the destination and works back to the source. The default
number of hops is 64.

Field descriptions

> Tracing multicast route from a.a.a.a to b.b.b.b for group c.c.c.c using
response address d.d.d.d — a description of the trace as follows:

* a.a.a.a— IP address of the source

e Db.b.b.b - IP address of the destination

e c.c.c.c — IP address of the multicast group

e d.d.d.d — IP address on the router to which the system will send the trace

> Received mtrace response packet of length n — length of the response
packet in bytes

> Each line of the trace has the following format: hops. ip-address protocol
threshold

« hops — number of hops from the destination to this intermediate router
« ip-address — IP address of the intermediate router

» protocol — multicast protocol running on the intermediate router. A value
of 12 indicates IGMP; other values comply with A "traceroute" Facility for
IP Multicast — draft-ietf-idmr-traceroute-ipm-07.txt (July 2000).

* FwdingCode — forwarding information or error associated with this hop.
For example, RPF iif indicates that the request arrived on the expected
RPF interface for this source group. For more information about the
forwarding information or error codes, see A "traceroute” Facility for IP
Multicast — draft-ietf-idmr-traceroute-ipm-07.txt (July 2000).



Investigating Multicast Routes
ERX Edge Routers

Example
host 1#ntrace 100.4.4.4 40.1.1.1 232.1.1.1

Tracing mul ticast route from100.4.4.4 to 40.1.1.1 for group
232.1.1.1 using response address 10.6.129. 56

(Press ~c to stop.)
Recei ved ntrace response packet of |length 88
1. 40.1.1.1 Protocol: PIM3) FwdingCode: RPF iif(9)
2. 21.2.2.2 Protocol: PIM3) Fwdi ngCode: Reached RP(8)

There is no no version.

3-69



3-70 | CHAPTER 3
Configuring IP Multicasting



	Configuring IP Multicasting
	Overview
	References
	Before You Begin
	Enabling IP Multicasting
	Deleting Multicast Forwarding Entries
	Monitoring IP Multicast Settings
	Reverse Path Forwarding
	Multicast Packet Forwarding
	Using Unicast Routes for RPF

	IGMP
	IGMP Operation
	Group Membership Queries
	Group Membership Reports
	Leave Group Membership Messages

	Configuring Static and Dynamic IGMP Interfaces
	Enabling IGMP on an Interface
	Configuring IGMP Settings for an Interface
	Assigning a Multicast Group to an Interface
	Specifying Multicast Groups
	Accepting IGMP Reports from Remote Subnets
	Disabling and Removing IGMP
	Monitoring IGMP

	IGMP Proxy
	Overview
	Configuring IGMP Proxy
	Setting the IGMP Proxy Baseline
	Monitoring IGMP Proxy

	PIM
	PIM DM
	Overriding Prunes
	Preventing Duplication

	PIM SM
	Joining Groups
	Remote Neighbors
	Timers

	PIM S-DM
	Enabling and Disabling PIM on a VR
	Enabling PIM on an Interface
	Configuring an RP Router for PIM SM and PIM S-DM
	Configuring a Static RP Router
	Configuring an Auto-RP Router for PIM SM
	Configuring an Auto-RP Router for PIM S-DM

	Switching to an SPT for PIM SM
	Configuring PIM SM Remote Neighbors
	Configuration Example

	Removing PIM
	Resetting PIM Counters and Mappings
	Monitoring PIM
	Monitoring PIM Events
	Monitoring PIM Settings


	DVMRP
	Identifying Neighbors
	Advertising Routes
	Enabling DVMRP on a VR
	Activating DVMRP on an Interface
	Configuring DVMRP Limits
	Filtering DVMRP Reports
	Configuring DVMRP Summary Addresses
	Changing the Metric for a Route
	Importing Routes from Other Protocols
	Specifying Routes to Be Advertised
	Preventing Dynamic Route Distribution
	Exchanging DVMRP Unicast Routes
	Disabling and Removing DVMRP
	Deleting DVMRP Routes
	Configuring DVMRP Tunnels
	Monitoring DVMRP

	BGP Multicasting
	Investigating Multicast Routes


